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FOREWORD
The lessons learned from experience in nuclear power plant operation indicate that fires in
nuclear power plants pose a real threat to nuclear safety and that their significance extends far
beyond the scope of a conventional fire hazard. Considerable progress has been made over the
past several decades in the design and regulatory requirements for fire safety, in fire protection
technology and in related analytical techniques. Substantial efforts have been undertaken
worldwide to implement these advances in the interest of improving fire safety in both new and
operating nuclear power plants.
This publication provides information and insights on lessons learned and best practices to
reflect the recent status of the worldwide nuclear power industry and assist in enhancing the
fire safety of operating NPPs.
The publication is targeted to nuclear power plant fire protection experts in nuclear utilities,
regulators, and technical support and service organizations.
The IAEA officer responsible for this publication was V. Roué of the Division of Nuclear
Power.
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1
1.1

INTRODUCTION

BACKGROUND

Lessons learned from experience in nuclear power plant (NPP) operation indicate that fires pose
a real threat to nuclear safety and that their risk extends far beyond the scope of a conventional
fire hazard. Considerable progress has been made over the past several decades in the design
and regulatory requirements for fire safety management, fire protection technology and related
analytical techniques. Substantial efforts have been undertaken worldwide to implement these
advances in the interest of improving fire safety in both new and operating NPPs.
Fire safety management information is currently provided to the nuclear industry by IAEA as
well as by individual country standards or regulations. International NPP operating experience
spans decades, and a need has been identified to share valuable experiences from this history
— successful fire protection programmes (FPPs) and their operational experience are discussed
below. The aim of this publication is to shorten the learning curve and provide updates and
insights to the nuclear power industry.
1.2

OBJECTIVES

1.2.1 General design criteria
Develop a station specific detailed fire hazard analysis (FHA) to ensure independent fire
detection and alarm systems are installed where necessary. In addition, it would be beneficial
for the station to be provided with a complete plant-wide system of fire hoses and hydrants
supplemented with portable fire extinguishers. These hose/hydrant/extinguisher locations are
needed to cover all station areas for manual firefighting.
Using the FHA, or requirements from the authority having jurisdiction (AHJ), determine the
specific fire protection systems and equipment necessary. The type of fire detection and
extinguishing agents to be used will depend on several factors. Examples include the nature of
the fire hazard (solid, liquid, or gaseous material), the sensing ability of various fire detection
equipment (smoke, products of combustion, etc.), the potential effect of the various fire
extinguishing agents on equipment in the area (direct suppressant damage, over pressurization,
thermal shock, clean-up, and occupant health hazards).
1.2.2 Objectives
This publication will assist Member States in providing detailed best practices and insights on
those elements of NPP management and operation that are necessary to achieve and maintain
high levels of fire safety.
The objectives of this publication are to provide guidelines to develop, implement, and integrate
FPP into an NPP’s overall safety/risk management programme.
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Fire protection insights in this publication will help in:
 Establishing a fire protection philosophy;
 Integrating fire protection within an NPP’s overall risk management programme;
 Implementing an FPP.
1.3

SCOPE

The practical experience gained by industry experts is used in this publication to highlight the
‘defence in depth’ (DID) principle (which states that a fire will not prevent the necessary safe
shutdown functions from being performed and that radioactive releases to the environment in
the event of a fire will be minimized), as well as fire protection systems, organizational FHA,
firefighting issues, training, quality assurance (QA), as well as activities to address plant
changes and maintenance. Generic guidelines and good practices on fire safety management
are also presented. This NPP publication provides insights that are also applicable to a broad
range of nuclear installations (past and present).
Jurisdictions that provide requirements for fire protection include federal, state, and local
agencies. This publication, as a technical document, bridges the regulatory requirements and
industry standards with practical application and provides:
 A useful tool for making fire protection decisions;
 Specific examples of fire protection criteria.
While life safety issues (plant personnel not involved with post-fire safe shutdown activities)
are not a primary focus of this publication, they are an integral part of good fire protection
design. There is a very close relationship between fires and explosions. An explosion could be
the initial event, followed by a significant fire; or a fire could trigger an explosion. This
publication does not address the prevention of explosions, methods to quantify the severity of
an explosion, or explosion suppression techniques. In addition, wildfires will not be covered in
this publication other than to note they may need to be considered.
1.4

USERS

This publication is designed to be used in the fire safety management of NPPs. It is meant to be
used by personnel who manage NPP operation, maintenance, regulation, training, support, and
design. It can also be used by outside agencies and provides supporting documentation for other
IAEA Safety Standards.
Decision makers on fire protection will benefit from this publication. Further, since fire
protection is an important aspect of an NPP’s overall safety/risk management, this publication
will benefit many different people within an organization:
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Corporate leadership;
Site managers;
Line management;
Project managers;
Engineers;
Health and safety professionals.

1.5

DOCUMENT STRUCTURE

The insights provided in this publication are organized to cover a broad range of fire protection
activities. Section 2 provides some details for the basic principles of fire protection, defence in
depth strategy and organization and management good practices. Section 3 addresses numerous
fire protection systems and maintenance practices found prudent to ensure the systems help
control fires that do occur. Section 4 identifies insights for fire prevention activities to help
prevent fires from occurring. Section 5 goes over fire risk concept issues important to post-fire
safe shutdown. Finally, section 6 provides the scope of an effective emergency response plan.
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2
2.1

FIRE PROTECTION OVERVIEW

PRINCIPLE OF FIRE PROTECTION

Using the DID principle, introduced above, the goal of FPPs for NPPs is to prevent, as much as
possible, the likelihood of having a fire occur, and to limit the damage caused. As noted above,
the DID principle states that a fire will not prevent the necessary safe shutdown functions from
being performed and that radioactive releases to the environment in the event of a fire will be
minimized. Existing IAEA Safety Standards provide an overview that is expanded in this
publication from NS-G-1.7 Ref. [1] and NS-G-2.1 Ref. [2].
Nuclear safety/risk management is vital for effective control of radioactive releases to the
environment. Fire protection is an essential part of nuclear safety/risk management in an NPP.
Appropriately designed, installed, and maintained, fire protection systems are paramount to
mitigating the direct consequences and preventing the escalation of fires in processing nuclear
power generation.
It would be beneficial for the FPP to be established at each NPP, laying down the fire protection
policy for the protection of structures, systems, and components (SSCs) important to safety at
each plant. It can also elaborate the procedures, equipment, and personnel required to
implement the programme at the plant site.
2.1.1 Fire basics
2.1.1.1 Fire and flame
Fire is the combustion (rapid oxidation) of a material, releasing heat, light, and various reaction
products. Other oxidation processes are not addressed, like rusting or digestion.
The visible portion of the fire is the flame and it consists of glowing hot gases. If hot enough,
the gases may become ionized to produce plasma. Depending on the substances alight, and any
impurities outside, the colour and intensity of the flame will differ. Fire in its most common
form can result in conflagration, which has the potential to cause physical damage through
burning.
Fires start when a flammable and/or a combustible material is exposed to a source of heat or
ambient temperature above the flash point for the material, in combination with a suitable
oxidation environment to sustain a chain reaction for rapid oxidation.
2.1.1.2 Fire triangle
Three elements i.e., heat, oxygen and fuel are required in a certain combination for ignition and
combustion to occur. This is called the fire triangle. If any one of the three is absent or if they
are not in proper balance, ignition or combustion will not occur. Variations in balance among
the heat, oxygen, and fuel govern the intensity of a fire, and determine whether the fire will
smoulder and spread slowly or flame brightly and travel rapidly. For fire to exist, all these
elements must be in place and in the right proportions.
FIG. 1 below, provides a graphical image of what parameters, or elements, are needed to allow
this rapid oxidation to occur. The fuel portion of this fire triangle may be in the form of a solid,
4

liquid, or gas. However, the solid or liquid type fuels must be heated enough to vaporize before
they will burn. The oxygen and heat portions of these triangles must be sufficient to enable
rapid oxidation. Different fuel sources will require different parameters for the oxygen and heat
needed.

FIG. 1. Fire triangle & fire tetrahedron

Once ignited, a chain reaction must take place whereby fires can sustain their own heat by the
further release of heat energy in the process of combustion and may propagate, provided there
is a continuous supply of oxidizer and fuel.
The fire tetrahedron is made by an addition to the fire triangle (see FIG. 1). It adds the
requirement for the presence of the chemical reaction (chain reaction), which is the process of
fire. Fire can be extinguished by removing any one of the elements of the fire tetrahedron.
2.1.1.3 Phases of fire
The burning process occurs in clearly defined stages. When a firefighter recognizes the different
phases (or stages), she/he can better understand the process of burning and fighting the fire at
different phases and with different tactics and tools. Each phase (or stage) is characterized by
differences in room temperature and atmospheric composition. These stages are illustrated
graphically in FIG. 2, below.
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FIG. 2. Generalized fire growth characteristics for solid, liquid, and self-oxidizing fuel

A firefighter may be confronted by one or all the following phases (or stages) of fire at any
time.
The early phase of fire development is the incipient stage that is generally limited to a single
fuel source when the heat developed is not capable of transferring enough heat to adjacent fuel
sources for their combustion. The next phase occurs when the incipient fire has increased
enough that the heat transfer to nearby adjacent fuel sources is large enough to pyrolyze them
such that fire growth occurs due to the heat transfer. As noted on FIG. 2, the maximum
temperature of a fire would be limited to the enclosure size and ventilation effects. In some
cases, not all, a flashover phase could occur. A flashover occurs when all the surfaces within
the enclosure are exposed to a large enough thermal radiation from the fire to allow
simultaneous ignition for total room involvement. The fully developed phase then occurs,
whether flashover is involved or not, when the peak heat release rate of the combustibles in the
compartment is reached. The final stage is the decay phase when the fuel load begins to decrease
in the compartment, or the amount of available oxygen to support combustion, is reached.
2.1.1.4 Product of a combustion
Rapid oxidation (combustion) of a given material is a chemical process that is unique to each
material/oxidizer involved. The given material must be transferred to a pyrolyzing or vaporizing
combustible from the heat available or created by the heat feedback of the combustible material
once it is ignited. When a fuel burns, there are four products of combustion:
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Fire gases;
Flame;
Heat;
Smoke.

The fire gases released from most fires consist of a mixture of oxygen, nitrogen, carbon dioxide,
carbon monoxide gases, finely divided carbon particles (soot), and miscellaneous products that
have been released from the material involved. These gases may lead to fire spread or potential
toxic impacts on personnel affected near the fire location.
Flame, and the resulting heat/smoke, from a fire are the primary concerns for
equipment/personnel damage that must be minimized or controlled for each NPP. These
products of combustion are highly variable and require careful planning to address all potential
combinations.
2.1.2 Fire protection and fire prevention
2.1.2.1 Fire protection vs. fire prevention definitions
Fire protection is the science of reducing loss of life and property from fire by control and
extinguishing of the fire. Fire protection includes detection of a fire, providing systems to
control or mitigate the fire, and providing manual firefighting capabilities.
Fire prevention involves activities to prevent any fires from starting. Fire protection (identify,
control, and extinguish fires) and fire prevention (not allow fires to start) go hand-in-hand. FPPs
can include a fire prevention programme. For example, control of ignition sources is important
in minimizing the risk of fire but does not meet the definition of fire protection as per this
publication.
Much of NPP planning and operation deals with the prevention of catastrophic events, such as
radioactive releases to the environment resulting from a fire or firefighting activities. In
addition, the concerns raised by smoke releases and/or firefighting water drainage containing
either radioactive materials, harmful chemicals, or environmentally damaging materials may be
considered, and control methods developed in the plant FPP.
2.1.2.2 General control methods
It would be beneficial for the fire protection systems to be designed to accomplish a
combination of the following objectives:





2.2

Prevention of fire;
Detection and Annunciation of fire:
Confinement of burning;
Exposure protection;
Extinguishing the fire.

FIRE PROTECTION PHILOSOPHY IN NPP

2.2.1 Defence in depth
2.2.1.1 Nuclear safety defence in depth
Principle 8 of the IAEA safety standard series on “Fundamental Safety Principles” Ref. [3] is
that the design of nuclear installations must include the appropriate application of the DID
7

principle Ref. [4]. These levels of protection are intended to compensate for human errors or
plant failures and may encompass radiation protection and the prevention and mitigation of
accidents.
NPPs use the concept of DID which uses five levels to return the plant to a safe state which
includes using engineered safety features, safety systems and procedures.

Objectives of DID
The primary objectives of DID for nuclear safety are to reach and maintain safe shutdown which
includes minimizing the release of radioactive material to the environment. The five levels of
defence in depth are covered in Ref. [4] and generally include (1) preventing abnormal
operation or failures, (2) controlling abnormal operation or detection of failures, (3) controlling
accidents within the design basis (including fire), (4) controlling severe plant conditions, and
(5) minimizing radiological releases to an acceptable level.

Levels of defence
DID is not an installation examination technique with a particular technical solution, but a
method of reasoning and a general framework enabling more complete examination of an entire
installation.
Each level of defence is designed to provide reasonable assurance that failure of any one level
will not defeat the remaining levels. In addition, the severity expected from a given fire related
accident may be exceeded due to unforeseen situations at the time of planning. This is why each
level needs to be independent to ensure reasonable assurance is provided to cope with all
situations that may arise.
2.2.1.2 Fire protection defence in depth
Fire is a hazard which has the potential to create a common cause failure, for which prevention
and mitigation measures ought to be provided Ref. [3].
To ensure adequate fire safety management in NPPs during the life cycle (construction,
operation, outages, modifications, refurbishment, plant life management for extended
operation, decommissioning etc.), it would beneficial for DID to be maintained at an
appropriate level, through the fulfillment of the three principle objectives identified in the
Agency document Ref. [2].
DID is incorporated into fire protection regulations for nuclear power plants. It requires
preventing fires, detecting and extinguishing fires that do occur, and ensuring the capability to
safely shutdown, see FIG. 3.
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FIG. 3. Defence in depth for fire protection

As shown in the above figure several layers are defined to provide a foundation for the DID
principle. These layers provide an overlapping scope of protection for the NPP to provide
reasonable assurance that a fire would not occur (prevention), but if a fire does occur that it
may be adequately controlled (suppression and mitigation), and that in a final layer the plant
nuclear safety is assured even if the other layers of protection are not adequate.

Preventing fires from starting
Fire prevention is the first line of DID for fire protection. The fire prevention attributes of the
programme are directly related to the fire protection objective to minimize the potential for fire
to occur in the first place. As described in Ref. [5] these programme items include:





Design and administrative measures to protect against fire hazards;
Administrative controls and procedures to minimize fire hazards (especially in areas
containing SSCs important to safety);
Management review of proposed plant modifications, and maintenance activities;
Implementation of compensatory measures, as needed, such as fire watches or temporary
fire barriers.
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Detecting and extinguishing fires and limiting damage
Fire detection and fighting systems of appropriate capacity and capability ought to be provided
and designed to minimize the adverse effects of fires on SSCs important to safety. The second
line of defence is to quickly detect and extinguish fires that occur to limit damage. Fire
detection, fire suppression, and manual suppression are key to ensuring this level of defence is
maintained.

Protecting SSCs important to safety
Overall, there is a high degree of fire protection reliance on DID principles by maintaining an
acceptable balance among fire prevention, fire suppression, and fire confinement to a single
train of redundant important to safety equipment in order to achieve the required degree of
reactor safety. The DID process entails the use of echelons of administrative controls, fire
protection systems and features, and safe-shutdown capability, such as redundancy, to achieve
the desired degree of reactor safety.
2.2.2 Fire protection strategy
A fire protection strategy is a systematic approach to identifying, reducing, and managing fire
hazards. A common aspect of any fire protection strategy is defining how hazards are managed
and describing the order of priority for managing those fire hazards. A fire protection strategy
serves as a bridge between the NPP’s perceptions of fire-related risks and the details of how to
manage specific risks. The fire protection strategy can be considered as the tool that defines
when certain protection levels are required for an NPP. The attempt to define general
performance requirements or controls for specific situations is part of the fire protection strategy
and coordinated with the plant physical protection staff.
Determining an appropriate fire protection strategy involves considering and balancing a
number of technical and economic factors, including the following:


Main concern:





Nuclear safety;
Radioactive material release;

Secondary concern:





Life safety (non-safe shutdown site personnel);
Environmental aspects (chemical and/or toxic gases, etc.);
Plant damage/business interruption;
Type of fixed fire protection if any, automatic or manual, passive or active,
emergency response capabilities, maintenance and testing capabilities, etc.

2.2.2.1 Key factors in a fire protection strategy
Prevention of internal hazards is always a better solution than their mitigation. Nevertheless,
the best practices and operating experience (OPEX) reveal that fire hazards are a significant
10

part of the overall hazards in the lifetime of an NPP. Even the best designs have observed a
frequency in the order of one significant fire event per year per reactor, so mitigation remains
a fundamental part of the fire protection strategy.
To be efficient, a fire protection strategy must be considered as a whole and successfully put in
place the different aspects of the FPP, which include the following.
 Company organizational resources: necessary to address fire safety design,
maintenance, prevention and response, including their associated requirements:




Availability of the necessary human resources;
Adequate mission and responsibility distribution;
Adequate education of the different populations.

 Correct analysis and control of fire hazards issues: this relates to the FHA, which is
based on an adequate knowledge of detailed plant configurations, together with an
adequate management of fire-hazard related materials, configurations and equipment.
 Adequate installation of fire protection equipment: based on the hazards identified in
the FHA. The issues addressed include the choice of properly designed and qualified
materials (in relation to the fire hazards they will have to withstand), their maintenance
and the strict administrative controls to ensure their availability.
Technical process solutions and materials used to limit the risk (prompt response to postulated
fire hazards), during the design of the plant, remain the most fundamental aspect of the fire
protection strategy. This fundamental aspect is beneficial to be regarded and utilized for new
plant construction and for modifications to the existing NPP.
2.2.2.2 Integration of fire protection into nuclear safety programme
A fire protection strategy can demonstrate how it is integrated into the company’s overall risk
management system (RMS) philosophy as presented on FIG. 4.
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FIG. 4. Integration of fire protection into nuclear safety system

2.2.2.3 Strategy for reducing fire risk
In general, the strategy for reducing risk, whether directed toward reducing frequency or
consequence of potential accidents, falls into one of the following categories:





Passive: eliminating or minimizing the hazard by process and equipment design features
that do not eliminate the hazard but reduce either the frequency or consequence of the
hazard without the need for any device to function actively (e.g., the use of noncombustible material when practical and passive fire barriers of suitable rating);
Active: using engineering controls (such as fire detection systems, and automatic
suppression systems activation alarms if no detection is present to detect developing fire
conditions) which would allow personnel to take appropriate and timely corrective action;
Procedural: using administrative controls (such as operating procedures, administrative
checks, emergency response, and other management approaches) to minimize the
potential for incidents or the effects of an incident.

2.2.2.4 Balancing protection
Three factors contribute to the extent of any fire loss. The first involves an act, omission, or
system failure allowing an ignition source and fuel to combine. The second involves the
potential for continued fire growth and escalation. The third factor is potential impact
(equipment damage, environmental release, etc.). Providing the right level of protection can be
a delicate balancing act.
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Overprotection results in unnecessary capital expenditure and higher ongoing costs. The added
complexity of a protection system will likely require more capital expenditure to install as well
as for training on fire protection system operations, testing, and maintenance which could be
unnecessary based on the fire risk expected. Overprotection may result in over confidence in
the ability of the system to address situations and a subsequent deterioration in readiness. The
protection system, when not necessary, may cause other risks not associated with fire (e.g.,
water leaks in electrical equipment areas where inert gas suppression could have been used).
While less protection may initially reduce the capital investment and ongoing maintenance
costs, the additional risk to company assets, employees, the environment, and the public could
be substantial. The potential for escalation of plant and equipment damage increases due to the
lack of fire protection systems. If a company chooses less protection, potentially adverse effects,
such as damage to reputation, increased insurance costs, loss of business and customers, as well
as possible charges of criminal negligence could become factors in the event of an incident.
2.3

ORGANIZATION AND MANAGEMENT

The insights provided in this chapter are based upon industry best practices and operational
experience from international best performing plants. Corporate leadership is essential for
ensuring appropriate site support of the fire protection organization, and alignment between
hierarchy of site managers, line management, and engineers.
2.3.1 Roles and responsibilities
2.3.1.1 Corporate oversight
Plant management could establish an on-site group specifically responsible for ensuring the
continued effectiveness of the fire safety arrangements. A strong plant management presence
has been identified as instrumental in FPP development.
It would be beneficial for the group to have a meeting periodically, for example every quarter,
and one meeting needs to cover the experience of, for example, testing installations, industry
as well as plant incidents and what has been improved over the last year according to the
operating experiences.
The group could consist of representatives from operation, system engineering, insurance, fire
brigade and testing fire installations, fire risk analysis and maintenance.
2.3.1.2 Fire protection senior manager
The organization establishes a fire protection senior manager position directly reporting to the
senior site manager or other corporate executive independent of reporting up the production or
operations reporting lines. The reporting relationship is sufficiently high enough to ensure an
adequate balance of operational and production needs with fire safety. The fire protection senior
manager is responsible for the following tasks:
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Directing the development of corporate fire protection goals, governance, and policies in
accordance with regulatory requirements, corporate loss control objectives and business
needs;
Directing the development and improvement of the FPP to achieve the fire protection
goals;
Assigning resources to implement the fire protection policies and the FPP;
Monitoring and reporting on the effectiveness of the FPP;
Interfacing with senior managers and corporate executives;
Managing the implementation and coordination of the FPP across the organization;
Advocating fire protection issues and resource needs to the senior management team and
corporate executives;
Acting as a single point of contact for fire protection for external organizations including
regulatory authorities of each utility, fleet, or plant.

2.3.1.3 Fire protection programme/engineering oversight
The organization establishes FPP/Engineering oversight position reporting to the fire protection
senior manager. The fire protection oversight role is focused on the development of the FPP,
physical design, design basis and supporting analysis of fire protection for the site and is
responsible for the following tasks:












Development, assessment and continuous improvement of the FPP, and engineering
elements of the plant change process to meet regulatory requirements, loss control
objectives, and business needs;
Development of programme compliance and performance evaluation criteria;
Documentation and maintenance of the fire protection design basis, supporting fire
protection analysis, including fire risk analysis, fire safe shutdown analysis, and fire code
reviews;
Monitoring, auditing and reporting on programme performance and compliance;
Management of the fire prevention group;
Management of the fire protection systems through an inspection, testing and
maintenance (ITM) programme, as described in section 3.4;
Managing research and investigations related to fire protection engineering;
Ensuring self-assessments are performed and reported to identify strengths and
weaknesses for continuous improvement;
Ensuring the completion of fire protection ITM activities at the site;
Acting as the single point of contact for internal or external audits and evaluations, mutual
aid organizations (including external fire departments), and for fire protection
engineering;
Providing technical support to the engineering organization on fire protection
engineering- or analysis-related issues.

2.3.1.4 Fire protection fire brigade oversight
The organization establishes a fire protection fire brigade oversight position reporting to the
fire protection senior manager. The fire protection fire brigade oversight role is focused on the
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development and delivery of fire brigade oversight and related fire protection training and is
responsible for the following tasks:










Development, delivery and continuous improvement of fire brigade equipment and fire
protection and emergency response training to employees and contractors for initial
training and requalification training;
Documentation and maintenance of training needs assessments and training programme
documents;
Documentation and maintenance of fire brigade training procedures and related teaching
aids and documents;
Management of drills and exercises;
Acting as the single point of contact for fire protection and emergency response training;
Ensuring the training of fire brigade members for emergency mitigation equipment
(EME) deployment;
Ensuring training is provided in accordance with regulatory requirements and applicable
codes and standards;
Development and delivery of training for fire brigade to deploy EME in accordance with
the site emergency plan;
Ensuring training records are documented and filed with the records repository.

2.3.1.5 Fire and emergency response staff (fire brigade)
Qualified personnel are assigned to be members of a site fire brigade to provide fire protection
and emergency response services. full-time fire brigade members report to the fire protection
fire brigade oversight. Volunteer fire brigade members report to various department managers
on a day-to-day basis. However, in the event of an emergency, fire brigade members fall under
the direction of the fire protection fire brigade oversight or an official delegated by them.
The fire brigade team comprises a leader and numerous responders. The team leader requires a
high level of plant operational, incident command, and firefighting knowledge. As determined
by site-specific emergency response needs analysis, a minimum number of responders and at
least one team leader are available at all times at the site to respond to emergencies. Fire brigade
team members are only assigned “drop and go” work to be able to immediately respond to an
emergency. Fire brigade team members must be trained to an appropriate level commensurate
with their position and the actions they are required to perform.
2.3.1.6 Fire protection engineers and technical officers
The following positions may be combined into fewer personnel than identified below, but this
allows a more thorough description of the responsibilities for implementing efficient
organization.

Fire protection system responsible engineer
The fire protection system responsible engineer (FPSRE) is responsible for monitoring the
operation and health of fire protection systems, including active and passive ones, to ensure
they are available as needed.
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Fire protection programme engineer/fire technical officer
The organization establishes a fire protection programme engineer (FPPE)/fire technical officer
(FTO) position reporting to the FPP/engineering oversight. The FPPE/FTO is responsible for
the implementation of the FPP and its continuous improvement. This includes supporting
external audits, assessing compliance of programme elements via internal audits or selfassessments and including operational experience into the program. The FPPE/FTO conducts
drills of the fire brigade to ensure compliance.

Fire Protection Engineer
The Fire Protection Engineer (FPE) is responsible for designing and modifying structures,
systems and components in compliance with the FPP and applicable codes and standards. This
work includes the development of technical specifications and analysis to demonstrate the
design compliances with the technical specifications. The FPE is also responsible for the
maintenance of the FHA and Fire Safe Shutdown Analysis to reflect current plant configuration.

Fire prevention officer
The fire prevention officer (FPO) is responsible for ensuring compliance with and reporting the
prevention elements of the FPP in general, and specifically the following:







Hot work management;
Ignition source control;
Transient material control;
Unapproved modifications control;
Operational readiness of fire protection SSCs;
Management of dangerous goods or hazardous substances.

Fire service instructor
The fire service instructor (FSI) provides training as required by the training programme
document and training needs analysis as per the facilities training procedures, including
emergency medical equipment and fire protection SSCs inspection, testing and maintenance.
2.3.2 Fire safety management training
As part of the larger corporate systematic approach to training (SAT), a comprehensive training
programme is implemented to achieve, maintain, and improve personnel knowledge, skill, and
performance to support plant safety and performance goals in fire protection. The fire protection
and emergency response training requirements are based upon the identified needs from a
training needs analysis (TNA). Work activities performed inside the protected area, related to
the nuclear facility or which may impact the nuclear facility, are included in the TNA. The TNA
documents the results of a systematic assessment of requirements for specific job functions and
their required requalification frequencies. The TNA is based upon the following elements:
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Regulatory requirements (which may contain prescriptive or performance-based
requirements);
Implementation of applicable codes and standards (which may contain prescriptive or
performance-based requirements);
Requirements determined from a systematic assessment of task requirements.

2.3.2.1 Training for plant personnel
In addition to the requirements identified in the TNA, individuals who work or regularly access
the protected area as a minimum complete a basic course in Fire Safety Training which needs
to include the following topics:









FPP goals;
Fire prevention;
Life safety;
Understanding the use of portable fire extinguishers;
Emergency procedures;
The control of transient material, hot work, and ignition sources;
Housekeeping;
Reporting a fire and accounting.

It would be beneficial for personnel who work in, or regularly access, the protected area to
receive hands-on fire extinguisher training on a live fire or fire simulator. The required
requalification period and method of delivery can be determined based on the results of the
TNA.
2.3.2.2 Training for licensed operations staff
In addition to the requirements identified in the TNA, it would be beneficial for licensed
operations staff to be familiarized by formal training with the following major topics:





Postulated fires, including the design basis fire;
Fire protection organization and fire protection goals;
Fire protection analysis, code compliance report, fire hazard analysis, fire safety
shutdown analysis (FSSA) documentation;
Roles and responsibilities during a fire event.

2.3.2.3 Training for fire protection design and system engineering
In addition to the requirements identified in the TNA, the FPEs and FPSREs require specific
training in the design, procurement, installation, operation, inspection, testing and maintenance
of fire protection SSCs. Report cards are developed which utilize evaluation criteria for
programme and system health monitoring. FPEs involved in the use or maintenance of the
FSSA or FHA require specific training in these topics, including fire modelling.
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2.3.2.4 Training for fire protection programme staff
In addition to the requirements identified in the TNA, FPPE and FTOs require specific training
in the following areas:










Application and updating of programme governance;
Programme document updating;
Drill evaluation;
Self-assessments;
Audits and evaluation;
Correspondence writing;
Report card development and maintenance for overall programme performance;
Fire prevention including codes, governance compliance and inspections;
Fire investigation and fire modelling.

2.3.2.5 Training for fire protection training staff
In addition to the requirements identified in the TNA, specific training for the design,
development, delivery and evaluation of fire protection training including:






Drill and exercise development, control and evaluation;
Self-assessments;
Internal audits;
Reporting and responding to external audits;
Third party reviews and evaluations.

2.3.2.6 Training for fire protection response staff
In addition to the requirements identified in the TNA, specific training in plant design and
operation such as:
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Appropriate level of radiation protection training to respond safely to a fire or other
emergency event and escort responders from off-site mutual aid departments;
Initial fire response training to be qualified for advanced interior and exterior firefighting
activities;
Necessary requalification fire training to perform advanced interior and exterior
firefighting activities;
Training to use specialized manual firefighting equipment;
Incident command training to the level needed to perform in their designated position;
Familiarization of the postulated fires including the design basis fire and associated
hazards;
Familiarization of the manual firefighting equipment location and capabilities;
Importance of maintaining a level of physical fitness for their designated position;
Drill evaluation;
Self-assessments;
Audits and evaluations.

2.3.3 Fire protection performance and assessment
2.3.3.1 Fire protection programme performance objectives
The FPP is defined as the set of planned, coordinated and controlled activities which are
implemented and documented. The objective of the FPP is to ensure that the facility’s fire
protection goals are achieved, and transparent processes exist to ensure the required activities
are performed. This includes the DID approach to physical design of the facility, analysis to
demonstrate the design meets the required safety objectives, operational controls to manage and
minimize hazards, and emergency response capability.
2.3.3.2 Examples of performance assessment criteria

Fire protection programme resources, roles and responsibilities
Measure the adequacy of resources to support the implementation and maintenance of the FPP
in the fulfillment of key FPP objectives.
Performance indicators are:









Programme management;
Programme ownership;
Fire protection engineer adequate resources;
Fire protection system engineer adequate resources;
Fire safe shutdown engineer adequate resources;
Qualified contingency of staff in key roles;
Key staff turnover;
Programme human performance incidents.

Programme oversight and health
This programme measures the ability of external agencies to identify gaps within the FPP, and
the ability to identify appropriate causes and resolve those gaps in a timely manner.
Performance indicators are:




Identification of issues identified by internal and external programme audits and selfassessments which resulted in findings not previously identified;
Effective implementation of corrective actions in a timely manner;
Trending and repeat findings.

Fire Protection and Configuration Management
It measures inconsistencies or deviations in configuration control relative to station
documentation and the fire protection program or station analysis basis.
Performance indicators are:
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Number of open design or analysis issues;
Number of obsolete critical fire protection components;
Number of deviations between plant design or analysis and field conditions.

Fire prevention
It measures key attributes directly related to the prevention of fires at the station, including the
identification of reported fire events.
Performance indicators are:









Number of deviations from administrative controls (e.g. expired permits, or lack of
permits) or commitments identified by station fire protection personnel;
Completion of regular housekeeping inspection (% areas completed in period);
Number of housekeeping deviations from station standards, emergency equipment
blockages identified by station fire protection personnel (corrective action programme);
Number of housekeeping deviations from station standards, emergency equipment
blockages identified by station (excluding fire protection) personnel;
Number of hot work procedure violations;
Number of reported fire events that have occurred at the station;
Number of housekeeping management observations;
Number of active fire watches and walkdowns at the station.

Fire protection system health
Measurement of the general health and availability of fire protection structures, systems and
components to support the fire protection goals.
Performance indicators are:







System health reports information;
ITM or preventative maintenance completion rates;
Number of deferred ITM activities;
Minimization of unplanned impairment duration times;
Number of fire barrier deficiencies in credited barriers;
Number of deferrals on planned fire protection activities and fire drills.

Fire and emergency response
It measures the ability of the industrial fire brigade (IFB) to respond to fire events in a timely
and safe manner, to support the fire protection goals at the station.
Performance indicators are:
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Overall drill performance as per measured critical objectives;
Intervention timelines meet benchmarks;
Training performance indicators;




Training and drill observations identified;
Number of open corrective actions.

Programme continuous improvement
It measures the ability to prioritize and improve the fire protection programme-related issues.
Key performance indicators are:




Identifying trends and adverse conditions;
Utilization of audits, inspections, benchmarking, self-assessments and third-party
reviews;
Development of effective corrective action plans that demonstrate the resolution and
sustainability.

2.3.3.3 Impairment to fire protection provisions
Fire protection SSCs features and procedural controls can become degraded or unavailable due
to a variety of reasons such as equipment failure, changes in field conditions or environmental
effects. The FPP ensures processes are in place to monitor the degradation or unavailability of
fire protection measures or changes in fire risk and implements compensatory measures to
maintain the same or lower level of fire risk. In addition, corrective actions are developed and
implemented to restore the impaired or degraded features.
A comprehensive impairment process contains the following major elements:









2.4

Impairments are managed to minimize their duration to the shortest time possible;
Compensatory measures are promptly implemented to maintain or reduce the level of risk
as a result of the impairment;
Impairments are monitored by management for escalation to ensure the minimization of
their duration;
Authorities having jurisdiction are notified of impairment when the protective feature or
fire protection system is unable to meet its design intent or when the impairment affects
a fire sensitive area as determined by the fire safe shutdown analysis;
Post maintenance testing is performed to ensure systems are restored and fully functional;
The IFB and plant operations are notified of all impairments;
Impaired SSCs are identified in the field by tagging or other means;
Operational activities are evaluated to minimize the risk of fire and its consequences in
consideration of the impairment;
Additional oversight and inspections are performed to monitor field conditions and the
implementation of compensatory measures.
CONFIGURATION CONTROL AND QUALITY ASSURANCE

Any monitoring programme or assessment must aim to produce information that is accurate,
reliable and adequate for the intended purpose. This means that a clear idea of the type and
specifications of the information sought must be known i.e., there must be a data quality
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objective. Data quality objectives are qualitative and quantitative specifications that are used to
design the system that will limit the uncertainty to an acceptable level within the constraints
allowed. Configuration controls are needed to assure uniform standards are provided
throughout the NPP for fire protection systems/structures as well as other safety systems, safety
related and non-safety related systems/structures.
Fire protection features are not generally classified as safety systems and thus they may not be
subject to the rigorous qualification requirements and the associated QA programme applied to
safety systems. However, fire has the potential to give rise to common cause failure and thus to
pose a threat to safety, and therefore the installed active and passive fire protection measures
may be considered as important to safety systems, or safety related systems. An appropriate
level of QA would then be applied to fire protection features.
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3
3.1

FIRE PROTECTION SYSTEMS

GENERAL

The selection of appropriate fire protection for a specific type of facility or item of equipment
may be based on the results of FHA and the lifecycle stage of the facility. An overview is
provided in NS-G-1.7 Ref. [1] with some insights provided below.
Typically, the protection features available will include one or more of the following:






Elimination of the hazard and its resulting scenarios;
Prevention (reduction of probability) of its occurrence;
Detection and control;
Mitigation of its consequences;
Emergency response.

A system or operation is considered an inherently safer design if it remains in a non-hazardous
state after the occurrence of unacceptable deviations from normal operating conditions.
Theoretically, a facility is considered an inherently safer design when all hazards have been
eliminated. In practice, a facility can only be made inherently safer with respect to specific
hazards and not all possible hazards. Safety can be built into an operation by using, where
feasible, less hazardous process materials or less severe operating conditions. An operation can
also be made inherently safer by careful site selection, plant layout and equipment, and building
design. An example of how the design affects operation would be that the permitted storage
volume of the combustibles is limited by the barriers’ fireproof time rating, such as 1-hour.
Also, the combustible storage or hot work activities may be prohibited under cable trays. This
is also further discussed for the active fire protection systems in section 3.3.1.
3.1.1 Specific fire protection for nuclear risk
3.1.1.1 Combustibility of building components and features
Non-combustible and heat-resistant materials must be used wherever practical throughout the
unit (Ref. [1] section 3.4). Interior wall and structural components, thermal insulation materials,
radiation shielding materials, and soundproofing as far as practicable need to be noncombustible. It is beneficial for the FHA to identify in-situ combustible materials used in plant
SSCs and specify suitable fire protection.
Metal deck roof construction needs to be non-combustible and identified as “acceptable for
fire” in industry standards by a recognized testing laboratory.
Interior finishes need to be non-combustible. A detailed listing of materials that are acceptable
for use as interior finish without evidence of test and listing by a recognized testing laboratory
are provided in Ref. [5].
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Suspended ceilings and their supports need to be of non-combustible construction. Concealed
spaces need to be devoid of combustibles.
3.1.1.2 SSCs important to safety
A summary of the SSCs that are located within each fire compartment are appropriate to be
identified in the FHA. As noted in Ref. [1] section 6.2 one of the main objectives of fire
protection is to prevent damage to items important to safety. The information within the FHA
for issues such as fire loading (fixed and transient), potential ignition sources, fire protection
features, and separation between redundant SSC equipment allows an assessment of whether
additional plant changes are needed to ensure post-fire safe shutdown. This documentation
ensures future plant changes can be assessed to maintain adequate protection for SSCs
important to safety. As plant operating equipment is changed or updated, over the life of the
plant, the scope of the original SSCs important to safety may need to be confirmed since plant
layout of equipment could be affected (i.e. cable routing, power supplies, etc.).
3.1.1.3 Prevention of radioactive material release caused by fire
The release of radioactive material needs to be minimized to ensure the safety of the public, the
environment, and plant personnel during and after a fire event. Any ventilation system designed
to exhaust radioactive smoke or heat can be evaluated to ensure that inadvertent operation or a
single failure will not violate the radioactive material release limits in controlled areas of the
plant. Water released during fire suppression operations containing radioactivity needs to be
drained to a location acceptable for the containment of radioactive materials. Water disposal
considerations might limit certain sprinkler system tests within radioactive controlled areas.
Fire barriers, fire detection, and automatic fire suppression are appropriate to be provided as
determined by the fire hazards analysis. Manual ventilation control to assist in smoke removal
can be provided if necessary, for manual firefighting.
In addition, examples of materials that collect and contain radioactivity that are appropriate to
be addressed is provided in Ref. [1] and Ref. [5].
The NPP’s fire brigade and local fire department need to be informed by fire pre-plans of the
radiologically hazardous areas and radiation protection barriers. This includes radioactivity and
health physics considerations, to ensure that each member is thoroughly familiar with the steps
to be taken in the event of a fire. The relevant training will contribute to maintaining the best
possible preparedness for such contingencies. Training of the plant fire brigade may be
coordinated with the local fire department to address unique nuclear power plant issues they
may not be familiar with so that responsibilities and duties are delineated in advance.
3.1.1.4 Security issues on fire safety
It is not the intent of this publication to deal in depth with facility security issues. However,
effective fire prevention in a nuclear facility depends on people in addition to systems, to detect
developing fires and other incidents and to detect unauthorized intrusion into the facility.
Intruder-caused vandalism, damage, spills, releases, or fires are not common, but are a credible
threat. The potential fire prevention and protection requirements to manage the risk of security
events from terrorism need to be considered in the overall fire protection system design.
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3.2

PASSIVE FIRE PROTECTION SYSTEM

3.2.1 Spacing and layout
The overall design of NPPs must consider spacing and layout as a key means of preventing the
spread of fires. It is appropriate for hazard analyses of planned changes, modifications, and new
projects to specifically review the adequacy of spacing and layout of process and support
equipment. An overview of passive fire protection systems is provided in Ref. [1] with some
insights provided below.
Areas to address during spacing and layout include both those that will minimize the incident
size and those that will minimize the incident impact.
3.2.1.1 Compartmentalization
Compartmentalization is to subdivide a structure into “fire compartments” which may contain
single or multiple rooms for the purpose of limiting the spread of fire, smoke and flue gases, in
order to enable the plant safety, property protection, and continuity of operations in general
industry.
SSCs important to safety must be designed and located to minimize the probability and effect
of fires. The concept of compartmentalization uses passive fire barriers to subdivide the plant
into separate compartments or cells. Their primary purpose is to confine the effects of fires to
a single compartment or cell, thereby minimizing the potential for adverse effects from fires on
redundant SSCs important to safety.
3.2.1.2 Fire compartment and fire cell

Fire compartment
A fire compartment (also known as fire area in some member states) provides an enclosure that
is fire rated to withstand the fire loading on both sides per national standards used in the
respective member state. The fire barrier that defines the fire compartment may be made up of
numerous components of construction that physically support the barrier (i.e., columns,
structural steel, beams or joists) or provide coverage for openings in the barrier (i.e., doors,
dampers, ducts, windows or penetration seals). Interior, as well as exterior, walls are addressed
to ensure SSCs important to safety are adequately separated.
The FHA (see fire hazards analysis in section 5.2) provides the realistic fire loading that each
fire compartment will need to withstand. The location of the SSCs important to safety that are
relied upon to ensure post-fire safe shutdown and minimize radioactive release are appropriate
to be provided in the FHA. With this information the basis for adequate fire compartment rating
can be defined to ensure adequate fire separation for the SSCs important to safety.
If a wall or floor/ceiling assembly are not adequately fire rated, or contains major unprotected
openings, such as hatchways and stairways, plant locations on either side of such a barrier can
be considered part of a single fire compartment, although they can be evaluated as separate fire
cells in the FHA, as described below. If success path A is separated by an adequate cumulative
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horizontal distance from success path B, with no intervening combustible materials or fire
hazards, and both elevations are provided with fire detection and suppression, the area would
be considered acceptable separation as different fire cells.

Fire cell
Certain plant layout areas, such are yard areas or inside containment, are not suitable to be
classified as a single fire compartments, since there often is a need to provide adequate
separation within. These smaller components of a fire compartment may be classified as fire
cells (or fire zones in some member states) to document within the FHA how adequate fire
separation is provided. Normally this separation may be by reasonable separation with no
intervening combustibles, or a lesser fire rated separation based on the actual fire loading
involved.
An exterior yard area, or containment area, considered as a unique fire compartment area that
may consist of several fire cells. The FHA can be used to determine the boundaries of the fire
cells. External fires may be considered with specific analysis which may include detailed fire
modelling, in Ref. [6] and [7] to more precisely address the lack of fire barrier separation. The
protection for redundant, alternative, or dedicated shutdown systems within a yard area are
appropriate to be determined based on the largest postulated fire that is likely to occur and the
resulting damage. The boundaries of such separation between divisions; the presence of in-situ
and transient combustibles, including vehicular traffic; grading; available fire protection;
sources of ignition; and the vulnerability and importance of the post-fire safe shutdown-related
systems.
3.2.2 Structural barriers
3.2.2.1 Fire barriers
Fire barriers are the components for a fire compartment that provide suitable fire separation.
The scope of these fire barriers is to provide adequate separation for redundant safe shutdown
components, or separate those components from significant fire hazards, as needed.
Fire barriers used to provide the fire compartment enclosure can be composed of a fire tested
material. Such material can be generically tested by approving laboratories such that a fire
rating in terms of hours of resistance to a standardized fire size is specified. The configuration
of the tested assembly must be confirmed against the installed configuration, since a sample
tested in a wall configuration would not necessarily provide reasonable assurance that a ceiling
installed configuration would be acceptable; while a ceiling tested sample would suffice for any
wall, floor, or ceiling installation due to the bounding nature of such a tested configuration.
Any openings through fire rated barriers, such as doors, dampers, penetration seals, etc., must
also be fire rated consistent with the associated fire barrier. If any additional modification to
these components (such as position indication or security monitoring attachments) need to be
added they may require confirmation that no adverse impact on the fire rating is created. If the
closure devices/seals do not match tested configurations, then an engineering evaluation may
be performed. This evaluation, performed by a qualified fire protection engineer, can address
whether the deviation is significant such that it essentially meets the tested configuration, or if
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the configuration is adequate for the hazard presented. Details for these evaluations are
addressed in Ref. [5] and [8].
Fire doors need to be installed in accordance with the tested configuration, maintained to ensure
adequate operation, and surveilled to ensure nearby components do not interfere with operation.
Their function always depends on adequate closure of the fire barrier opening when not being
used for access/egress, and adequate strength to withstand pressure differentials between the
fire compartments being separated. See Ref. [5] for details on fire door issues.
Fire dampers need to be installed in accordance with the tested configuration, maintained to
ensure adequate operation, and surveilled to ensure clean operating components within the
respective duct so as do not interfere with operation. The fire damper function depends on
adequate closure during “worst-case” duct flow operations, or appropriate duct flow shutdown,
as needed, as well as closure against potential pressure differential from a fire on either side of
the respective barrier. Ref. [9] shows that the adequately installed duct, without a fire damper,
is adequate to provide a 1-hour fire rating which would limit the need for fire dampers for areas
where the fire loading is at or below this value.
Openings through the fire barriers for pipe, conduit, and cable trays that separate fire
compartments need to be sealed or closed to provide a fire-resistance rating at least equal to
that required of the barrier itself. See Ref. [5] for details on proper conduit internal sealing and
penetration seal options.
Penetration seals need to be installed by qualified individuals in accordance with the tested
configuration, maintained to ensure adequate operation, and surveilled to ensure environmental
or physical characteristics are maintained. Additional details for allowed variations in
penetration seals can be found in Ref. [10].
3.2.2.2 Structural steel protection
Fire barriers that are supported by exposed structural steel are appropriate to be protected in an
equivalent manner to the fire barrier rating when the fire barrier depends on the support
provided. An analysis may be performed to justify a lack of fire protection, or limited fire
protection, based on the fire loading identified in the area by the FHA. Structural steel will lose
strength based on the temperature increase from fire exposure, but if the structural steel is used
solely for dynamic loads (e.g., seismic) not associated with fires then protection is not required.
3.2.3 Electrical cable system
Redundant cable systems important to safety are appropriate to be separated by passive fire
barriers from each other and from potential fire exposure hazards. In areas where electrical
circuits important to post-fire safe shutdown cannot be separated by means of rated structural
fire barriers, cable protection assemblies can be applied to conduit and cable trays to meet
adequate fire rated separation requirements. The conduit and cable trays for the cabling need to
be of substantial metal construction, with limited use of flexible metallic tubing. Where limited
fire-resistive barrier adequacy is applied, then automatic fire detection and suppression can also
be installed to compensate.
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Automatic fire detection and automatic or manual fire suppression used to compensate for a
lack of appropriate fire-resistive barriers need to meet suitable standards for their installation,
such as provided by NFPA codes. These codes will specify suitable spacing, type of device that
would be suitable, maintenance requirements, power supplies, etc. Electrical cabinets, or other
termination points for electrical cables, present an ignition source for fires and a potential for
explosive electrical faults that can result in damage not only to the cabinet, but also to
equipment, cables, and other electrical cabinets in its vicinity. If passive barrier separation is
not reasonable for such areas then proper spatial separation along with area-wide automatic fire
detection, fire suppression, and manual back-up fire suppression capability are appropriate to
be added. Internal fire detection may be needed if the fire loading is large enough to propagate
outside of the cabinet, if redundant components are located nearby.
Examples of electrical fault concerns include lightning strikes and High Energy Arcing Faults
(HEAF) in electrical cabinets. Possible protection includes installing protective relays to limit
the lightning surge or over current in the electrical circuits to reduce fire risks. Also, digital
relays have been installed to reduce the risk of the fire caused by the HEAF’s in some member
states. See Ref. [11] for testing done to document the potential damage from HEAF conditions.
3.2.4 Heating, ventilation, and air conditioning design
The room interconnections that are created by heating, ventilation, and air conditioning
(HVAC) ducting may allow the potential for fire to spread and products of combustion
(including radioactive material) into adjoining fire compartments. The design needs to consider
the need to isolate, ventilate, or exhaust each fire compartment as well as the potential loss of
function due to fire damage to HVAC equipment within the fire compartment. Fire
compartments containing safe shutdown (SSD) equipment/components are appropriate to have
air intakes located away from exhaust outlets and smoke vents of other fire compartments.
Details on other related HVAC concerns can be found in Ref. [5] concerning:





Combustibility of filter media;
Smoke control/removal;
Habitability (control room, SSD areas, personnel access/egress & stairwells);
Fire dampers.

3.2.5 Containment and drainage
Each fire compartment is designed to contain a fire to prevent damage to other areas, but other
essential design features such as floor drains, or openings under compartment doors, are
appropriate to be evaluated for impacts on non-fire related areas. The fire-fighting fluids such
as water (automatic or manually applied), gaseous suppression systems, and their potentially
associated radioactive material will enter fire compartment drainage systems or flow under the
fire doors into adjacent areas. The facility design needs to address this concern to minimize
impact on redundant post-fire SSD equipment/components in adjacent areas or where the floor
drains will discharge.
If the fire compartment contains flammable fluids that could escape through the floor drains or
under the associated fire door, then the spread of fire to other areas are appropriate to be
addressed.
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3.2.6 Emergency lighting
Emergency lighting is needed for essential personnel to perform necessary safety functions
during a fire event. The lighting may be fixed or portable to allow site personnel to use access
and egress paths for fire-fighting activities, and operator actions to allow post-fire safe
shutdown duties. Some of the considerations for adequate emergency lighting include:





Level of illumination needed for access/egress or to perform equipment operation;
Suitable power supplies for length of time needed and protected from fire damage;
Periodic inspection and maintenance to ensure availability when needed;
Verification that future plant changes do not adversely impact installed lighting.

3.2.7 Communications
Both the on-site fire brigade and operations personnel involved in post-fire safe shutdown
activities will require portable communications equipment. Multichannel portable radios may
be used if the use and assignment of channels ensures the fire brigade, operations, and security
can all carry out their separate functions during a fire emergency. Any supporting equipment
such as repeaters are appropriate to be evaluated for fire damage or limitations created by a
plant fire. Periodic surveillance and maintenance of this communications equipment is needed
to ensure availability when needed.
Off-site fire department radios need to be evaluated for adverse plant impacts. For example,
some plant equipment may be sensitive to radio frequency interference. Training and posting
of such areas would prevent unexpected plant equipment operation.
3.3

ACTIVE FIRE PROTECTION SYSTEMS

3.3.1 Automatic versus manual activation
3.3.1.1 Automatic activation
Automatic activation refers to fire protection devices that are integrated with a detection system
designed to activate upon sensing fire. An overview of automatic and manual activation fire
protection systems is provided in Ref. [1] with some insights provided below. The advantage
of automatic activation is to minimize response time delay and, thus, significantly reduce the
chance of a larger fire developing. One disadvantage is that when faults occur in the detection
or logic associated with the system, there is the potential for unwanted activations which can
result in damage to the protected equipment, shutdown of production, and require the fire
protection system to be recharged. A second disadvantage is that if there is a failure of the
detection system or the activation mechanism, the system does not operate. This is one reason
why automatic systems have a manual activation option and manual stop.
3.3.1.2 Manual activation
Manual activation requires plant personnel to activate the system by pushing a button or
opening a valve in response to either an observation of a fire or a signal from a detection system.
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The advantages of manual systems are low cost regarding both installation and maintenance
and are less complex. The disadvantage is that manual systems are liable to result in significant
delays in activation due to the reliance upon human action. Such delays inevitably result in
growth of the fire and the associated damage. Delays associated with manual systems may be
exacerbated by the growing tendency for having fewer plant personnel in the field.
Both automatic activation and manual activation are key elements for all levels of the defence
in depth principle, and its effectiveness can be evaluated in the safety assessment by applying
a graded approach. The primary defence in depth protection is provided by the automatic
activation, when provided, considering its reliability and human factors issues. In addition,
backup manual activation, that can be provided for all plant areas, will be an operation that is
relied upon for a higher level of defence, considering the resilience of human activity in all
situations that may arise.
It must be noted that the design of active (automatic) fire protection systems will be unavailable
for short periods of time based on maintenance or surveillance procedural needs to maintain the
respective system. For example, a fire detection activated fire suppression system has
maintenance needs for both systems that could temporarily make the overall system
unavailable. Appropriate compensatory measures are needed during these short outage
intervals. In addition, the design of the number of fire detectors and fire sprinklers located in
the protected area affects the rapidness and reliability of the notification for both the internal
fire brigade and external fire department.
3.3.2 Detection and alarm system
Automatic or manually activated fire protection systems require a detection and alarm system.
These monitoring systems alert plant personnel to take necessary actions to minimize fire
damage or automatically start the connected fire suppression system, if any. The fire response
personnel, both on-site and potentially off-site, are activated to begin taking appropriate actions
based on the severity of the alarm.
Timely post-fire safe shutdown actions are dependent on prompt notification of fire location.
Property losses are minimized, safety of personnel is enhanced, and limiting community impact
from an NPP fire is a key element for fire detection and alarm. Global area coverage of the
facility is beneficial to be considered, even if there is no redundant safe shutdown equipment
or significant fire load in certain areas.
Some key components of fire detection and alarm provided in the control room are to provide
a continuously manned location to initiate necessary actions for emergency plan, off-site fire
response, post-fire safe shutdown actions, and oversight guidance between the fire-fighting
activities and the post-fire safe shutdown actions.
There are generally two approaches to the placement of fire detection:
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Point fire detection is based on good judgment, such as addressing post-fire SSD
components, and past practices to predict where fire hazards are likely to occur and cause
unacceptable damage;



Grading approach fire detection is based on defining fire detection performance
requirements for sensitivity, response time, and availability based on risk of fire
escalation.

3.3.2.1 Fire detection system
In general, FHA and regulatory requirements determine the scope of fire detection and
suppression in the plant, whereas the applicable industry codes and standards, such as NFPA,
provide the details for type, proper installation, and maintenance/testing for the systems and
components. Fire detection needs to be provided in areas that are identified to contain, or
present an exposure fire hazard, to post-fire SSD equipment, or SSCs important to safety.
However, in some member states, global coverage is beneficial to be considered to address
changing plant storage conditions and temporary changes, as well as redundant detector systems
in rooms with reactor safety equipment. These fire detection systems need to be capable of
operating with or without off-site power.
Full area, or partial area, coverage is appropriate to be provided in fire compartments where it
is identified in the FHA to be needed. However, any partial area fire detection can be justified
with the FHA to ensure adequacy of the design, similar to the fire cell justification versus fire
compartment. The fire detection and alarm system options provided in Ref. [5] and Ref. [1]
includes the following objectives:









The areas that contain equipment important to safety ought to have automatic fire
detectors that alarm and annunciate in the control room;
Fire detection and alarm systems ought to comply with the requirements of standard(s)
based in your country;
Where zoned fire detection systems are used in a given fire compartment, then local
means may be used to identify which detector zone has actuated;
Fire alarms, similar to other plant system alarms, ought to be distinctly different sounding
to help identify them from other alarms;
Backup power supplies are appropriate to be provided for the fire detection system and
for any electrically operated control valves for automatically operated fire suppression
systems. This can be accomplished by using normal off-site power as the primary supply,
with a battery supply as a secondary supply, and by providing the capability for manual
connection to the emergency power bus during the loss of off-site power. Such connection
ought to follow the applicable guidance of national standards;
In areas of high seismic activity, plants need to consider the need to design fire detection
and alarm systems to function following a safe shutdown in the event of an earthquake;
The fire detection and alarm systems are beneficial to be able to retain their original
design capability for: (a) natural phenomena of less severity and greater frequency than
the most severe natural phenomena; and (b) potential manmade site-related events that
have a reasonable probability of occurring at a specific plant site.

3.3.2.2 Fire detector types
Fire detectors are the fundamental component for this second line of defence to help ensure
prompt firefighting activities as soon as possible. The selection of detector type and location
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depends on many factors, including area size, configuration, inherent fire hazards, occupancy,
combustible loading, and the importance of the protected assets. The diverse types of fire
detection systems include smoke detectors (ionization and/or photoelectric), heat detectors, and
radiant energy (flame) detectors as well as others. More details about the various types are
discussed in Ref. [1] Appendix V.
3.3.3 Water supply system
The fire protection water supply system needs to meet the following criteria, as well as other
more detailed issues, from Ref. [1] and Ref. [5]:









The fire-water supply is appropriate to be defined by the plant license or applicable
national standard(s). Environmental considerations can be addressed during this process;
Two separate, reliable freshwater supplies are desired. Saltwater or brackish water may
not be used unless all freshwater supplies have been exhausted. Closed water systems
may be used in some countries;
The fire-water supply can be calculated based on the largest expected flow for a
reasonable time period expected for fighting the fire, plus the largest design demand of
any sprinkler or deluge system;
If tanks are used for a closed water supply system, the capacity of the tanks are appropriate
to be in accordance with national standard(s). Redundancy and independence need to be
provided such that either tank may be used, or both, depending on the fire suppression
needs. Failure involving filling or draining one tank may not adversely affect the
redundant tank;
Common water supply tanks, freshwater lakes, or ponds are acceptable for fire and
sanitary or service water storage as long as the design and/or administrative controls
ensure that minimum fire-water volumes are maintained, and redundant suctions are
provided;
The design may consider external events such as earthquakes and how this could affect
the system installation and availability for use (see section 5.6.1.2 for the Kashiwazaki
Kariwa incident).

3.3.3.1 Fire pumps
Fire pump installations, if needed to meet pressure or flow requirements, need to be redundant
and independent from each other and meet the following criteria:
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Ensure that 100% capacity is available, assuming failure of the largest pump or loss of
off-site power (e.g., three 50% pumps or two 100% pumps) using either electric motor or
diesel engine powered pumps;
The seismic impacts can be considered for options for the fire-water supply system (see
section 5.6.1);
Individual fire pump connections to the yard fire main loop are separated with
sectionalizing valves between connections. Each pump and its driver and controls are
located in a room separated from the remaining fire pumps by an appropriately rated fire
wall per the FHA;




The fuel for the diesel fire pumps is separated so that it does not provide a fire source that
exposes equipment important to safety;
Alarms or annunciators located in the Control Room are appropriate to be provided to
indicate pump running, driver availability, failure to start, and low fire main pressure.

3.3.3.2 Fire mains
A fire main loop may be installed to furnish anticipated water requirements, normally this
piping would be located underground and would not be used for other water supplies (e.g.,
service or sanitary water). The pipe material and water treatment needs are key design
considerations, with long-term maintenance as one of the parameters for periodic inspection
and flushing. The loop configuration from the separate fire pumps, or water supplies, allows
for at least two flow paths from the water source. A common yard loop may serve multi-unit
NPP sites if cross-connected between units. Sectional control valves permit independence of
the individual loop around each unit. For multiple-reactor sites with widely separated plants,
separate yard fire main loops may be used. For example, from Ref. [4] separated NPP units
approaching 1.6 kilometer (1 mile) or more apart.
Connections to the fire main loop for sprinkler systems, manually operated hose stations, and
yard hydrants will require extensive valve isolation options. The valving (control and
sectionalizing valves) will require either electrical supervision, with Control Room indication,
or administrative control (e.g., tamper proof seals or physical locks) that will be periodically
inspected to ensure water supplies are available when needed. The valve locations ought to
ensure that individual component isolation is possible without shutting off the supply to both
primary and backup fire suppression systems to allow maintenance activities. Additional details
are provided in Ref. [1] and Ref. [5].
3.3.4 Fire suppression system
Fire suppression systems may be installed as based on the FHA to control the reasonably sized
fire starting near a given system in order to protect redundant systems or components necessary
for safe shutdown and SSCs important to safety.
In areas of high seismic activity, it would be beneficial for plants to consider the need to design
the fire suppression systems to be functional following a safe shutdown in the event of an
earthquake.
The fire suppression systems are appropriate to be able to retain their original design capability
for: (a) natural phenomena of less severity and greater frequency than the most severe natural
phenomena; and (b) potential manmade site-related events that have a reasonable probability
of occurring at a specific plant site. Periodic updates to these geographic and man-made site
related events may be considered.
For fire suppression systems that use metal plates for heat collection above individual sprinkler
heads that are located well below the ceiling of a fire compartment (e.g., at some intermediate
height in the room, below a ceiling-mounted pipe and cable tray), plants ought to confirm that
this design will ensure acceptable actuation times. The objective of such metal plates is to
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reduce the system response time by collecting heat to more effectively activate the sprinkler
head. However, this objective is often not met in actual practice.
General example data for fire suppression systems may be found in APPENDIX I.
3.3.4.1 Water-based systems
Water-based systems (sprinkler or spray systems) are suitable for most types of solid fuel-based
fires (generally not appropriate for flammable liquid-based fires), but equipment located in the
spray pattern may need protection from the water. An example would be electrical cabinets that
may be adjacent to a fire could be damaged by the water spray, even if the fire is contained by
the same water spray. In addition, floor drains needed to remove the water from the area will
need to be sized and routed to avoid water-based damage (e.g., flooding or wetting) to
equipment located outside of the fire damaged compartment. Water mist suppression systems
may be useful in specialized situations, particularly in those areas where the application of water
needs to be restricted.
Certain fires, such as those involving flammable liquids, respond well to foam suppression.
Plants ought to consider the use of foam sprinkler and spray systems, which need to conform
to appropriate standards.
3.3.4.2 Gaseous fire suppression
Gaseous fire suppression systems, unlike water-based systems, could create habitability issues
upon discharge to personnel located in the area. The primary function of gaseous fire
suppression is often to reduce the oxygen content to preclude a continuation of the fire in the
area for a long enough time to ensure no reflash occurs. This loss of habitability would affect
any personnel located in the area, or requiring passage through the area (e.g., fire brigade or
operations personnel). Pre-discharge alarms, a discharge delay, and provisions for local
disarming with strict administrative controls while personnel are located with the area are
required and specified by appropriate standards, such as NFPA. The principle groups of gaseous
fire suppression systems include carbon dioxide (CO2), Halon, and clean agents (alternatives to
Halon).
Where total flooding gas extinguishing systems are used, area intake and exhaust ventilation
dampers are appropriate to be controlled, in accordance with suitable standards, to maintain the
necessary gas concentration for a suitable amount to time without over-pressurizing the
compartment. The adequacy of gas suppression systems and protected-area boundary seals to
contain the gas suppressant needs to be tested.
Manually actuated gaseous suppression systems ought not be used as the primary suppression
system for protecting SSCs important to safety. They are acceptable as a backup to automatic
water-based fire suppression systems.
Plants ought to ensure preventive maintenance and testing of these gaseous fire suppression
systems, including verifying agent quantity and quality. Periodic monitoring of the strict
administrative controls used for disarming automatic systems while personnel are in the area
are needed to ensure inappropriate disabling when no personnel are located in the area.
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3.3.5 Manual suppression systems and equipment
Manual firefighting capability, as a backup to existing automatic fire suppression systems or
coverage throughout the NPP premises, is needed to limit the extent of fire damage as per the
national standards. Standpipes, hydrants, and portable equipment consisting of hoses, nozzles,
and portable extinguishers ought to be provided for use by properly trained firefighting
personnel. See section 6.3 for more detail on personnel training.
3.3.5.1 Standpipes and hose stations
Interior firefighting by trained fire brigade members is made possible by properly located
manual hose installations, as specified in the FHA, supplied on each elevation by properly sized
standpipes. Standpipes are appropriate to be provided with hose connections equipped with
woven-jacket, lined fire hose and suitable nozzles. These systems ought to conform to national
standards for sizing, spacing, and pipe support requirements for standpipes. For example, from
Ref. [5] a maximum hose length of 30.5 m (100 ft) of 38 mm (1.5 in) hose sized per NFPA
standards. Water supply calculations need to demonstrate that the water supply can meet the
standpipe pressure and flow requirements of national standards.
In general, two hose stations would be needed for each fire compartment to ensure the fire
location would not interfere with access. If the fire compartment is large enough then several
hose stations could be needed to ensure full area coverage from fire hazards that could affect
equipment important to safety or used for post-fire safe shutdown. Several types of hose nozzles
are available to support firefighting needs and minimize equipment damage or harm to
firefighting personnel. An assessment is appropriate to be made to ensure the proper type (spray,
straight stream, fog, or combination) is provided for each fire compartment.
3.3.5.2 Hydrants and hose houses
Outside manual hose installations need to be adequate to provide an effective hose stream to
any on-site location where fixed or transient combustibles could jeopardize equipment
important to safety or used for post-fire safe shutdown. Hydrants ought to be installed in
accordance with the national standard on the yard main system. For example, from Ref. [5] the
spacing of approximately every 76 m (250 ft) is used for NFPA standards. A hose house
equipped with hose and combination nozzle and other auxiliary equipment can be provided, as
needed, per the national standard. Also, from Ref. [5] hose house spacing of at least every 305
m (1000 ft) is used for NFPA standards. Alternatively, a mobile means of providing hose and
associated equipment, such as hose carts or trucks, may be used. When provided, such mobile
equipment needs to be provided as per the national standard. For example, the equivalent of
three hose houses can be provided as per NFPA standards and maintained to be readily available
for firefighting activities.
3.3.5.3

Manual foam

For flammable and combustible liquid fire hazards, plants ought to consider the use of foam
systems for manual fire suppression protection. For example, these systems need to comply
with the requirements of national standards, such as NFPA.
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3.3.5.4 Fire extinguishers
Fire extinguishers need to be provided in areas that contain or could present a fire exposure
hazard to equipment important to safety or used for post-fire safe shutdown and be appropriate
for the type of potential fire hazard. Extinguishers may be installed with due consideration given
to possible adverse effects on equipment in the area. Mounting details need to include seismic
or other environmental considerations.
The selection of the best portable fire extinguisher for a given situation depends on the several
factors, as outlined in Ref. [12]. Several types of portable extinguishers are available and
include dry chemical, CO2, water, Halon, as well as others. Considerations for the effect of the
extinguishing agent on the equipment in the area, ability to extinguish the type of fire expected,
including environment factors.
Portable fire extinguishers may be used to fully extinguish limited size fires, or to delay the
growth of fires until the fire brigade can respond. They are needed in areas, even if other
automatic or manual firefighting options are available, as part of the defence in depth used for
fire protection.
Conspicuous markings that readily identify the suitable fire extinguisher are particularly
important where fire extinguishers are grouped or where multiple fire hazards are present in an
area. This allows personnel to more quickly determine the appropriate unit to be used under
stressful conditions.
Multiple classification systems exist in countries with different designations for the various
classes of fire. The United States of America (USA) uses the NFPA system, while Europe uses
the European standard, classification of fires. An example of classification can be found in
Ref. [12] where fires are classified into 5 types: class A, B, C, D, and K depending on the type
of fire (ordinary combustible, flammable liquid, electrical, metal or cooking media).
3.3.5.5 Fixed manual suppression
Some fixed fire suppression systems may be manually actuated. Manual actuation is generally
limited to water spray systems and ought not to be used for gaseous suppression systems, except
when the system provides backup to an automatic water suppression system. A change from an
automatic system to a manually actuated system can be supported by an appropriate evaluation.
3.4

INSPECTION, TESTING, AND MAINTENANCE

Inspection, testing, and maintenance (ITM) would be beneficial to meet the safety objectives
of licensing of the NPP and maintain the performance level of operation and reliability of fire
protection in the NPP. An overview is provided in NS-G-2.1 Ref. [2] including the scope
desired with additional insights provided below.
The ITM of active systems is required to provide a high degree of reliability for the operation
and performance of the fire protection system.
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It would be beneficial for the plant to establish fire protection administrative controls to address
the following issues:



3.4.1

Qualified personnel designated to inspect, test and maintain fire protection features;
An administrative process in place for the management of fire risk due to impairments to
fire protection provisions such as: egress paths, emergency lighting, notifications
systems, fire barriers, fire detection, and fire suppression systems. Compensatory
measures established where areas are impaired, or systems disarmed during maintenance
(e.g., fire watches).
Ownership and qualifications

It would be beneficial for a qualified member of the management team to be responsible for
managing the FPP and assuring that an adequate budget is provided for fire protection
maintenance. A person or department accountable for ITM will be responsible for:





Creating an ITM programme;
Documenting ITM;
Documenting alternate measures during impairment of fire equipment;
Maintaining records of ITM and following up on corrective actions for deficiencies
identified during ITM.

The ITM of fire protection systems by qualified personnel are essential to ensure the operability
of the systems during an emergency.
3.4.1.1 Fire protection focal point
The person assigned the responsibility of managing the integrity of fire protection equipment
and systems must have a general knowledge of the facility and its fire protection needs, be
familiar with the facilities fire protection systems, and have access to resources to ensure the
equipment and systems are operable.

Inspection personnel
Facility personnel who perform inspections on fixed fire protection systems must be
knowledgeable of the systems and have received training on the inspection protocols.

Testing and maintenance personnel
Facility personnel who perform testing and maintenance on fire protection equipment and
systems must be experienced and knowledgeable in the systems and on the protocols for testing
and maintenance. Knowledge can include work history, educational experience, craft
certification, manufacturer certification, field verification, and job assessment and testing.
Testing and maintenance personnel may be pump mechanics, pipe fitters, instrument
technicians, electrical technicians, millwrights, fire protection personnel or other qualified
personnel.
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Fire protection service companies
Many facilities outsource either all or part of the ITM functions to fire protection service
companies. These companies perform a variety of services, including inspection of portable and
fixed systems, flow test of water systems, operational test of portable equipment, testing of
fixed powder system, maintenance and repairs of portable and fixed systems, and design and
installation of new systems.
It is important that the outside service company meet the facility pre-qualification criteria. As
part of the review, the facility pre-qualification must determine if the service company is
knowledgeable and experienced in the types of fire protection systems they will be servicing.
Some member states have licensing laws that require the service company designate a
responsible managing employee who is licensed by the state. It would be beneficial for the
service company to provide evidence that the personnel performing the ITM are qualified to
perform the work.
The qualification may include licenses and craft certification certificates issued by a recognized
issuing authority.
3.4.2 ITM programme and activities
An ITM programme will be created to address the fire protection systems in the NPP. The ITM
programme is to address:






Actions/features to be inspected, tested and maintained;
The frequency of visual inspections and actual testing of equipment;
Frequency of the inspections, tests and maintenance actions;
Equipment required to meet the fire needs analysis;
Level of protection required by the original fire hazard assessment.

The following systems, as described in Ref. [2] are subject to ITM and examples of detailed
ITM requirements for fire water systems can be found in international or national fire codes
and standards. Examples of insights from existing programs are provided in the following
sections.
3.4.2.1 Sprinkler systems
Sprinkler protection includes:
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Wet sprinkler systems;
Dry pipe sprinkler systems;
Foam water sprinkler systems;
Pre-action sprinkler systems;
Water curtains;
Transformer spray protection.

The ITM for sprinkler protection is required to address:







Obstruction to sprinkler discharge;
Unobstructed access to the fire protection equipment;
Valves including control valves, backflow preventers and pressure controlling;
Spare sprinkler heads, including confirming temperature, orifice size and operating
temperature;
Presence of a wrench in the spare sprinkler box;
Ensure that no services or equipment have been supported on the fire protection piping.

3.4.2.2 Standpipe and hose systems







Hoses and nozzles ought to be inspected;
Hoses ought to be inspected and re-racked periodically (i.e. annually);
Hose valves ought to be inspected for leakage;
Pumps supplying standpipe and hose systems ought to be tested to confirm flow and
pressure;
Hose cabinets and hose stations and access to them ought to be maintained clear and
unobstructed;
These provisions are also applicable to fixed (stationary) and portable monitors and
turrets.

3.4.2.3 Fire pump





Fire pumps ought to be inspected;
Fire pumps ought to be tested to confirm flow and pressure;
Fire pumps ought to be tested at rated flow, 150% of rated flow and at rated pressure;
Drivers for fire pumps such as diesel-driven engines ought to be inspected and
maintained.

3.4.2.4 Fire hydrants and water supply systems






Fire hydrants ought to be inspected;
Fire hydrants ought to be flow tested on a regular basis;
Fire hydrants ought to be drained before freezing weather;
Where appropriate, antifreeze ought to be pumped into the fire hydrant barrel to prevent
freezing;
Water supplies ought to be maintained in an operating condition:





Where the quantity of water for firefighting is maintained by pumping equipment
and measuring devices (float valve), that equipment and measuring devices ought
to be inspected and maintained on a periodic basis;

Unobstructed access ought to be maintained to fire hydrants, yard valves and fire
department connections;
Fire hydrants ought to be identified so as to be readily visible to responding fire crews:
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Where appropriate, means ought to be provided to locate and identify fire hydrants
in inclement weather, snow and in poor lighting.

3.4.2.5 Fire alarm and emergency voice communication systems





Fire alarm and emergency voice communication systems ought to be maintained in an
operational condition;
Where credited as a part of the fire hazard assessment, this ought to include plant
communication systems, radios and public address systems;
Fire alarm and emergency voice communication systems ought to be inspected and tested
on a periodic basis, to confirm that the system is operating;
It would be beneficial for the testing to include:







Notification devices (audible and visual devices);
Activation devices (smoke detectors, heat detectors, very early smoke detection
(VESDA) type (incipient) detection, flow and pressure activation devices);
Supervisory devices (valve and other supervisory devices);
Emergency power supplies;
Central station monitoring connections;
Notification to emergency first responders.

3.4.2.6 Clean agent systems



Clean agent systems are required to be subject to ITM based on the manufacturer’s
recommendation for the specific system;
Actuating devices and systems are subject to ITM in accordance with the fire alarm
provisions.

3.4.2.7 Fire separations, fire barriers and closures




The integrity of fire separations and fire barriers ought to be maintained;
Penetrations of fire separations and fire barriers ought to be reviewed and approved;
Approved penetrations of fire separations and fire barriers ought to be protected with:







1

An approved fire stop system;
An approved closure (fire door, fire damper or fire shutter);
Approved penetrations of fire separations and fire barriers, to be inspected and
tested on a periodic basis;

The fire protection rating of a closure in a fire separation or fire barrier needs to be equal
to the fire rating of the fire separation or fire barrier, or justified by an analysis, as needed;
Operational components of a closure (such as hinges, latches, self-closing devices) needs
to be maintained in an operational condition;
Fire separations, fire barriers and closures1 ought to be inspected on a periodic basis.

Closures includes opening protective components such as doors, shutters and dampers
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3.4.2.8 Portable fire extinguishers





Portable fire extinguishers ought to be maintained in an operational condition;
Portable fire extinguishers ought to be inspected on a periodic basis;
This inspection ought to confirm pressure, weight of agent, actuator, hose and nozzle;
Portable extinguishers ought to include wheeled portable extinguishers.

3.4.2.9 Emergency lighting





Needs to be maintained in an operational condition;
Needs to be inspected on a periodic basis;
Needs to be tested on a periodic basis to confirm that it will operate for the required/design
duration;
Other lighting equipment credited in the fire hazard assessment such as flashlights,
portable lighting and emergency task lighting ought to be subject to the same ITM as
fixed emergency lighting.

3.4.3 Documentation and alternative approach
It is beneficial that ITM records be maintained and retained. Records ought to identify the
person responsible for witnessing/conducting the ITM and be available for review by the
AHJ/Licenser. Records of ITM need to be kept for a time period which is both acceptable to
the AHJ and provides historical data on equipment performance.
Keeping ITM records for an extended period of time may assist in alternate measure
submissions to the AHJ to substantiate:



Alternate ITM protocol such as the frequency between ITM of a piece of equipment or
system; or
The number of devices to be inspected or tested in a given time period.

Alternate approaches to ITM can be proposed for review and approval by the authority.
Alternate approaches need to demonstrate an equivalent level of safety and it would be
beneficial to take into account:




Past system performance;
Measures to be implemented to confirm on-going performance of systems;
Statistical data, where appropriate.

3.4.4 Examples of inspection and testing requirements
Examples of inspection and testing requirements for sprinkler system ITM can be found in
TABLE 1. This information, as well as for TABLE 2, TABLE 3 and TABLE 4 are specified
from text found in NFPA 25, “Standard for the Inspection, Testing, and Maintenance of WaterBased Fire Protection Systems.” (See Ref. [13]).
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TABLE 1. SPRINKLER SYSTEM ITM [13]
Item

Frequency

 Inspection


Gauges (dry, pre-action, and deluge systems)



Water flow alarm devices



Valve supervisory alarm devices



Supervisory signal devices



Gauges (wet pipe systems)



Hydraulic nameplate



Buildings



Hanger/seismic bracing



Pipe sprinklers



Information sign



Fire department connections



Obstruction, internal inspection of piping

Weekly/monthly
Quarterly
Quarterly
Quarterly
Monthly
Quarterly
Annually (prior to freezing weather)
Annually
Annually
Annually
Annually
5 years

 Test


Water flow alarm devices
o Mechanical devices
o Vane and pressure switch type devices

Quarterly
Semi-annually



Antifreeze solution



Gauges

Annually
5 years



Sprinklers
o Extra-high temperature
o Fast response
o Dry

5 years
20 years; every 10 years thereafter
10 years; every 10 years thereafter

Examples of inspection and testing requirements for standpipe and hose ITM can be found in
TABLE 2.
TABLE 2. STANDPIPE AND HOSE ITM [13]
Item

Frequency

 Inspection


Piping



Cabinet



Gauges



Hose, and Hose storage device



Hose nozzle



Hydraulic design information sign

Annually
Annually
Weekly
Annually
Annually and after each use
Annually

 Test
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Hose storage device



Hose



Hydraulic test



Flow test

Annually
5 years/ 3 years
5 years
5 years

TABLE 2. STANDPIPE AND HOSE ITM [13]
Item

Frequency

 Maintenance


Hose connections



Valves (all types)

Annually
Annually/ as needed

Examples of inspection and testing requirements for fire pump ITM can be found in TABLE 3.
TABLE 3. FIRE PUMP ITM [13]
Item

Frequency

 Inspection


Pump house, heating ventilating louvers



Fire pump system

Weekly
Weekly

 Test


Pump operation (No-flow condition)
o Diesel engine driven fire pump
o Electric motor driven fire pump

Weekly
Monthly



Flow condition



Fire pump alarm signals

Annually
Annually

 Maintenance


Hydraulic



Mechanical transmission



Electrical system



Controller, various components



Motor



Diesel engine system, various components

Annually
Annually
Varies
Varies
Annually
Varies

Examples of inspection and testing requirements for water storage tank ITM can be found in
TABLE 4.
TABLE 4. WATER STORAGE TANK ITM [13]
Item

Frequency

 Inspection


Water temperature
o Low temperature alarms connected to constantly attended location
o Low temperature alarms not connected to constantly attended location





Monthly
Weekly

Tank
o Exterior
o Interior – without corrosion protection
o Interior – all others

Quarterly
3 years
5 years

Support structures

Quarterly
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TABLE 4. WATER STORAGE TANK ITM [13]
Item

Frequency



Catwalks and ladders



Hoops and grillage



Painted/ coated surfaces



Expansion joints

Quarterly
Annually
Annually
Annually

 Test
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Tank heating system



Low water temperature alarms



High temperature limit switches



Water-level alarm



Level indicators



Pressure gauges

Prior to heating season
Monthly
Monthly
Semi-annually
5 years
5 years

4

FIRE PREVENTION ACTIVITIES

Since fire hazard is a major contributor to a plant’s operational safety risk, control of
combustible materials and ignition sources are an essential part of a fire prevention programme.
The fire prevention programme in an NPP is focused on SSCs important to safety which
includes safety related areas where it is necessary to prevent fires from starting or, if a fire starts,
to keep the fire as small as possible. An overview of the need to control combustible materials
and fire prevention design measures is provided in Ref. [2], chapter 6 and Ref. [1], chapter 4
with some additional insights provided below.
Each plant ought to develop a fire prevention strategy and maintain it useful throughout the life
cycle of the plant. The fire prevention strategy could be given to and used by a fire protection
expert for expansions at the plant. The fire prevention strategy ought to demonstrate how it is
integrated into the plant’s overall fire protection philosophy.
A common aspect of any fire prevention strategy is defining how hazards are managed and
describing the order of priority for managing those fire hazards.
A fire prevention programme ought to research fire hazards throughout the NPP to identify
them, determine how to reduce them when possible, manage the ones that cannot be removed
to limit their impact. The point of this activity is to ensure protection of SSCs important to
safety or used for post-fire safe shutdown. If fires can be prevented in these critical areas, then
fire protection DID does serve as a fail-safe backup if a fire starts due to human or equipment
errors.
4.1

CONTROL OF COMBUSTIBLE MATERIALS

A programme is necessary for identifying all combustible materials in the plant and making
workers aware of the hazards of these materials and the necessary precautions to be taken to
prevent or control fire hazards to SSCs important to safety. Combustible materials hazard
identification and information gathering is an essential element of fire prevention. The
hazardous properties of all substances used in the plant are needed in order to develop the
appropriate design, routine handling practices, and fire prevention plan.
While the flammability of materials is clearly important for fire prevention, there are other
properties that are also significant for safe plant operation, such as lubrication, cleaning,
filtering, etc.
4.1.1 Combustible materials hazard identification
The development of a combustible materials hazard identification programme is required to
obtain knowledge of a material’s toxicity and reactivity, as well as flammability. Some key
elements of a combustible materials hazard identification programme are:


Assign responsibility for the programme to determine the physical and chemical
properties of each material handled at the facility;
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Collect available information, evaluate the hazardous properties, and identify the relative
hazard levels of each substance and any necessary handling precautions;
Identify those potentially hazardous materials for which important properties are
unknown and conduct appropriate material hazards evaluation tests;
Distribute material hazard information and handling precautions to employees,
emergency response organization, local community response agencies, and others as
appropriate.

Each plant ought to obtain data about a substance from the chemical manufacturer’s material
safety data sheets (MSDSs) or from other published sources. In order to identify, evaluate, or
respond safely to incidents involving hazardous material brought on-site by contractors, it is
also important to include outside contractors in the materials hazard identification programme.
An inventory of flammable and combustible materials needs to be developed for each fire
compartment within a plant. This list ought to contain the type, quantity, form of materials,
material characteristics, storage configuration, and location.
It is important to document the assumptions used in determining the inventories for the FHA.
The inventory list ought to be maintained throughout the life cycle of the plant by the
management of change (MOC) process to update the FHA.
4.1.2 Types of combustibles
The typical NPP will have solid, liquid, and gaseous materials that are combustible or
flammable, similar to most industrial facilities. The construction materials of concrete and/or
steel are non-combustible, but the machinery and equipment located within will require
combustibles such as fuels (e.g., gasoline, diesel, propane, or natural gas), lubricants (oils or
grease), hydraulic oils, thermal or electrical insulation, plastics, filter material (e.g., charcoal,
oil bath, etc.), packaging material, and cleansing materials. Some flammable gases are used for
cooling, welding, or a product of processing such as hydrogen, while oxygen is also involved
even though it is not a flammable gas, but an oxidizer requiring similar controls.
Temporary but predictable and repetitive concentrations of flammable and combustible
materials ought to be considered as discussed in Ref. [2], section 6.6. Typical examples include
one or more of the following:
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Replacement of lubricating or hydraulic oils;
Repainting equipment or structures;
Replacement of combustible filter materials;
Scaffolding or dunnage necessary to maintain or replace equipment;
Spare or new equipment in shipping crates or boxes awaiting installation.

4.1.3 Control of combustibles
4.1.3.1 General
The FHA is a good summary location for the realistic fire loading identified in each fire
compartment. However, more detailed supporting documents, such as fire loading detailed
calculations, need to be provided to allow updates as plant changes are made through the life
of the plant. The fire compartment margin of safety between the realistic fire loading and the
fire compartment maximum permissible fire loading is beneficial.
A process under the FPP to intercept combustibles prior to delivery into the facility ought to be
implemented to help ensure fire loading in compartments identified as important to safety are
maintained as low as reasonably practicable. The combustible interception programme is most
effectively implemented in the department responsible for incoming receipt and inspection
where non-essential combustible material is removed (including substitution of noncombustible pallets) prior to transporting into the NPP.
Plant administrative controls (procedures) ought to be established and implemented to
periodically inspect and control the delivery, storage, handling, transport and use of flammable
and combustible solids, liquids, and gases in areas identified as important to safety. The
procedures need to be established in accordance with national practice standards, such as
NFPA.
Flammable and combustible liquid storage and use needs to be in accordance with the national
standard. Where oil-burning equipment, stationary combustion engines, or gas turbines are
used, they need to be installed and used in accordance with the national standard(s). Flammable
and combustible liquid and gas piping are in accordance with industry standards such as, for
example, ANSI B31.1, code for power piping, or ASME boiler and pressure vessel code, section
III, as applicable.
4.1.3.2 Transient combustible loading
The control of temporary fire loads in the plant, other than those that are an inherent part of the
operation, ought to be restricted to designated storage compartments or spaces. Only noncombustible scaffolding, decking, panels or flame-retardant tarpaulins or approved materials of
equivalent fire-retardant characteristics ought to be used. Particular attention is given to the
elimination or control of plastics, wood, or cardboard.
Plant administrative procedures, such as issuing work permits, ought to be established and
implemented to provide effective control of temporary fire loads in areas identified as important
to safety during maintenance and modification activities lasting longer than one shift or when
left unattended. The fire prevention personnel that are responsible for reviewing proposed work
activities for potential temporary fire loads in order to determine whether the proposed work
activity is permissible before work may begin. The review ought to specify any additional
compensatory fire protection measures that are needed (such as the provision of portable fire
extinguishers and/or the use of fire watch personnel, as appropriate).
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All combustible packing containers ought to be removed from the plant area where it is
transported to upon delivery immediately following unpacking. No such combustible material
is to be left unattended during lunch breaks, shift changes, or other similar periods without an
impairment issued. Loose combustible packing material such as wood or paper excelsior,
polyethylene sheeting, or expanded polystyrene ought to be placed in metal containers with
tight-fitting, self-closing metal covers.
Fire protection personnel ought to conduct periodic plant walk-through inspections, for
example weekly, to confirm implementation of required fire prevention controls. During major
maintenance operations or plant refueling outages, the frequency of these plant walk-throughs
ought to be daily. The results of these walk-through inspections are to be documented and
retained for a suitable time designated by national standards or the plant license.
For example, when combustibles are stored in a controlled storage area, there exist measures to
reduce fire consequences (Ref. [14]), such as:






Combustibles stored in fireproof storage facilities or containers;
Combustibles stored in a place surrounded by concrete walls and ceilings effective in
preventing fire spread;
Combustibles stored in metallic cases;
Combustibles covered with non-flammable sheets without gaps;
Other measures equivalent to the effectiveness of the above.

FIG. 5 shows examples of fireproof storage facility and container (Ref. [14]):

FIG. 5. Example of fireproof storage facility and fireproof storage container (left to right)

The systematic approach incorporating the FHA for the storage and control of combustibles can
limit the risk of fire and can also generate additional space for such storage that protects it from
external fire for a period of time. See also section 5.5.3 for the application of the FHA.
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4.2

CONTROL OF IGNITION SOURCES

A fundamental element of fire prevention as part of the DID principle is the control of ignition
sources. It is beneficial for the process to be designed, implemented, and operated to minimize
or prevent the release or spill of flammable gases, liquids, or combustible dusts, as well as
eliminate or control of ignition sources. The basic controls for these unwanted ignition sources
are described in Ref. [2], sections 6.9 through 6.17 and are summarized as:





Control of hot work (e.g., welding, soldering, etc.);
Control of personal ignition sources (e.g., heaters, cooking, smoking materials, etc.);
Control of static electricity and stray electrical currents (temporary wiring);
Electrical area classification.

This process ought to be implemented using procedures to control daily personnel activities,
periodic inspections, or maintenance and modification activities to minimize the potential for
an ignition source and combustible material to be present at the same time. Compensatory
measures may be needed in cases where an ignition source is introduced into an area using fire
watch personnel trained in the use of portable extinguishers. Work activity may be prohibited
in areas where redundant SSCs important to safety or systems needed for post-fire safe
shutdown if the redundant features are out of service in a separate fire compartment. Overall
plant restrictions on smoking, use of open flames for testing, use of portable heaters, cooking
appliances, candles, or temporary wiring ought to be included. As noted below hot work
activities will require strict controls.
4.2.1 Hot work
Operating, maintaining, repairing, and modifying a typical process facility in an NPP frequently
involves activities that produce sparks or use flame. The portability of spark and flame
producing equipment and its inappropriate or careless use in areas not specifically designed for
its safe use can increase the likelihood of a fire.
Temperatures sufficient to start fires or ignite explosive materials may come from a number of
sources including:












Open flame of a torch used for heating or thawing process lines;
Torch cutting;
Welding;
Improperly applied electric arc welding grounding clamps;
Molten slag or metal that flows from the work piece;
Improperly handled soldering iron or propane torch;
Grinding sparks that fly from the work;
Electric motor-powered hand tools;
Portable heaters;
Forklift trucks or other industrial powered vehicles not rated or classified for use in a
potentially hazardous area;
Vacuum tank trucks removing spilled flammable/combustible material;
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Roofing installation or repair using hot-mopped asphalt or using open-flame heating
devices to seal roofing sheet membrane seams.

The above is a listing of just a few sources, there are many others.
Diesel engines are used periodically at most sites for welding, air compressors, etc. These
engines need to be remotely sited or provided with flame arrestors, insulation on hot
surfaces/exhausts, etc.
Painting or cleaning work using volatile organic solvents also have a risk of generating
flammable gases and heat.
The principal hazard associated with these and other flame-, heat-, or spark-producing work is
the introduction of unauthorized ignition sources into areas of the facility without appropriate
compensatory measures.
Control of hazards related to portable equipment and hot work requires developing and
maintaining a comprehensive hot work procedure.
To ensure that necessary hot work for maintenance, construction, or modifications is done
safely to prevent ignition of fires and protect life and property, the hot work control procedure
may include the following as a minimum:



Assigned responsibility for the programme;
A permit system requiring:












Job site to be inspected before work begins;
Testing for the presence of flammable vapours and inspection for combustible
materials;
Personal protective equipment appropriated to the job;
Additional temporary protections, e.g., a fire watch with fire extinguisher and
emergency notification procedure that includes covering sewer openings,
construction of fire boxes of flame-resistant material to contain sparks, monitoring
the area after work is completed for a limited time period, etc.;
A time limit for the duration of the permit;
Signed approval by a designated authorized person;
Close-out of work permit;

Training of personnel;
Providing/maintaining necessary equipment, e.g., flammable vapour detectors;
Auditing and periodic review of programme.

At the NPP where construction work or large-scale modification work is being carried out, it is
particularly important to monitor the hot work and carefully control activities during welding
and fusing work. It those cases, it is important to ensure there are detailed instructions on setting
up the monitoring area for fire watch personnel and how to overlap the flame-resistant materials
on the floor and ceiling areas, depending on the type of work. It is also important that the
operating organization at the NPP qualifies the products to be used such as fireproof tape, any
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fume collectors and related hoses used by the contractors engaged in the hot work activity.
Examples of fire control during hot work can be found in TABLE 5.
TABLE 5. EXAMPLES OF FIRE CONTROL DURING HOT WORK (Ref. [14])
Work classification

Example of protection
(Protection and monitoring levels will be changed depending on the rank)

Rank 1S
Gas welding and other generating
slags

Buffer materials, e.g. a non-flammable sheet, shall be place on the inside of the slag pan
as necessary, which shall be cooled by spraying water, etc.
Floor protection: Double protection with a non-flammable sheet and tin plate. The tin
plate shall be bent up 100mm or so.

Rank 1A
a. Tungsten inert gas (TIG)
welding and other
generating little slag
b. Gliding and other
generating sparks

Perform monitoring (qualified fire watch personnel)
Interrupt hot work as necessary and instruct the correction of protection

Rank 1B
Burner work and other generating
fires

Perform monitoring (qualified fire watch personnel)
Interrupt hot work as necessary and instruct the correction of protection

Rank 2
Electric heaters and others

Perform monitoring (qualified fire watch personnel) as needed, provided that monitoring
is performed at all times on nights and holidays.
Interrupt hot work as necessary and instruct the correction of protection
Perform

Warning signs ought to be erected at the entrances to areas containing combustible materials to
warn personnel of restrictions or access requirements and of the necessity to permanently
control ignition sources (e.g., electrical equipment, hot work, or vehicle).
4.2.2 Personal ignition sources
Controls are required for ignition sources that may be carried into a hazardous area. These
ignition sources include any material, object, or device that is potentially incendiary or capable
of producing a spark.
Fires in the workplace continue to be caused by matches, lighters, and carelessly discarded
cigarettes and other smoking materials that ignite near combustible materials. Control of these
potential ignition sources is essential for an effective fire prevention programme. Facility
management may consider involving those working in the facility in the development of a
policy on smoking and related issues in order to ensure support and compliance.
Personal electronic or electrical devices that may require control are pagers, smart phones,
personal digital assistants, and personal radios or music players. Few, if any, of these devices
are evaluated to determine if they may be safely used in hazardous areas. Typically, such
devices do not claim to be “intrinsically safe” or of “non-incendiary circuit” design.
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4.2.3 Static electricity
Sparking potentials from numerous sources of static electricity are best handled by ensuring
their electrical charge differential can recombine harmlessly. If potential sparking conditions
cannot be avoided, then a means to ensure there are no ignitable mixtures at points where static
electric sparks may occur. Plant procedures to address these concerns can include how fluid
transfer, blending of powder, use of wet steam, moving nonconductive rubber belts or
conveyors, personnel static buildup, and stray electrical currents may cause such discharges or
arcing. Personnel awareness is key to minimizing these unexpected ignition sources. A
programme to ensure that a well-designed and effective electrical earth-grounding system and
equipment bonding system is in place is an essential first step in the control of potential static
electricity ignition sources. Such a system must be regularly checked by testing or visual
inspection to ensure groundings are fully secured.
4.2.4 Electrical area classification
Electrical equipment can be the source of ignition where flammable materials are handled.
Wherever possible, electrical equipment and wiring are best located outside hazardous
locations, where electrical sparks could cause ignition potential. Where these ignition sources
cannot be located outside the hazardous area, they ought to be controlled by defining electrically
classified areas and designing, procuring, and installing equipment accordingly. One national
standard divides hazardous location into three classes according to the nature of the hazard:




Class I Flammable liquids and gases;
Class II Combustible dusts;
Class III Easily ignitable materials.

4.3

HOUSEKEEPING

Industrial experience and insurance loss records indicate that poor housekeeping contributes to
an increased frequency of loss and greater loss potential. The added quantity and distribution
of fuel in the facility caused by poor housekeeping practices can result in the following issues:








Greater continuity of combustibles that makes fire spread easier and increases the area of
involvement;
Impaired ingress and egress;
Increased overall combustible loading that provides more fuel to feed a fire and can
increase the severity of the fire;
Increased potential for severe secondary dust explosions when dust accumulates;
Increased probability of fire;
Increased probability of spontaneous ignition in residue accumulations or thick dust
layers;
Increased potential that excessive material due to poor housekeeping practices may affect
flood drainage paths.

Poor housekeeping may also be a symptom of other fundamental problems, such as careless
operation, frequent temporary repairs, and generally inadequate maintenance. These conditions
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can result in process leaks, releases, and spills, missing or open covers on equipment and
electrical panels, unpainted rusting metal, and nonfunctional gauges and instruments.
4.3.1 Housekeeping programme
Proper housekeeping does not just happen. Good housekeeping requires the leadership and
wholehearted support of facility management, staff, and operating and maintenance supervision
and the cooperation of all employees. Housekeeping administrative controls are specified in
Ref. [2], section 6.5 and insights are provided below.
To develop a good housekeeping programme as an element of fire prevention, the following
actions can be taken:




Appoint specific personnel to be responsible for proper housekeeping; participation could
be on a rotated basis with a designated chairperson;
Inform all employees of their authority and responsibility;
Establish acceptable levels of cleanliness and orderliness in conjunction with the
housekeeping committee with particular regard to:











Process liquid spills and residue accumulations;
Dust control;
Storage and handling of combustibles and flammables;
Post maintenance cleanup of materials/equipment;
Programme for handling empty containers;
Blockage of fire protection systems and equipment;

Require specific personnel to conduct regular periodic inspections of the facility and
record results by area;
Report the housekeeping inspection results by area to recognize improvements and
encourage competition;
Actively demonstrate support of proper housekeeping practices through regular, positive
reinforcement. In addition to verbal reinforcements, written commendations and award
for individuals, areas, and departments can be effective positive reinforcement.

4.3.2 Process area housekeeping
Inadequate housekeeping controls in laboratories, process, maintenance, storage, or operating
areas can result in process waste, leakage, and spillage accumulations that can lead to increased
fire losses. Such accumulations are typically from one of several causes:







Doors left open;
Dust or other material released from normally closed containers or systems;
Improper or excessive storage of materials, i.e., materials, including flammables, stored
under stairways/escape paths;
Improper or inadequate removal of accumulated process wastes or residues;
Leakage of process or lubricating fluids, steam, or condensate;
Trash, packaging, or debris left because of carelessness;
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Trash, packaging, or debris resulting from an inadequate pickup schedule;
Unnecessary scaffolding still in place.

Housekeeping practices that allow spilled or released combustible or flammable process
materials to accumulate could provide fuel for a fire to start or allow more rapid or vigorous
fire spread than protection systems can manage.
4.3.3 Dust control
Areas where combustible powders are handled in bulk quantities or areas containing dustproducing equipment ought to be cleaned on a regularly scheduled basis. Horizontal overhead
surfaces, such as tops of beams, stacked cable trays, and concealed or other out-of-sight spaces
where dust can accumulate, need to be identified and included in the cleaning schedule or
modified to minimize the potential for dust collection.
Using compressed air to blow dust off surfaces is discouraged because dust suspended in the
air during blow-down operations may produce a potentially explosive mixture. Vacuum
cleaners ought to be used. These may be either portable or attached to a central system. When
portable units are used, they need to be appropriately approved for use in any hazardous location
at the facility.
4.3.4 Inappropriate storage and handling
Poor housekeeping practices can allow materials, containers, debris, or unused equipment items
to be stored, placed, or handled so that they impair fire protection systems. Examples of such
inappropriate storage and handling are:









Open drain lines;
Leaks on tank roofs;
Pallets jammed against fire doors that prevent them from closing when needed;
Materials, particularly combustibles, or equipment placed inside storage tank dikes;
Materials or equipment blocking access to hose stations or sprinkler control valves;
Materials or containers stacked or placed so that they block the effective discharge of
sprinkler or deluge fire protection systems or fire monitor nozzles;
Sample storage;
Trash bins not emptied or removed from process area.

Inappropriate storage of cleaning equipment, drawings/manuals, spare parts, and various other
maintenance supplies may not be allowed in switchgear, boiler, compressor, instrument
cabinets, and other equipment rooms. Suitable storage closets, spare parts storerooms, and
utility rooms ought to be made available for such storage.
Small quantities of flammable or combustible paints, solvents, or cleaning materials, including
aerosol cans, ought to be stored in approved flammable liquid storage cabinets. Larger
quantities of these materials need to be stored in separate, remote, or fire-rated rooms or areas
that will not present a fire hazard to other areas of the facility as specified by appropriate
national standards.
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4.3.5 Housekeeping and equipment
Poor housekeeping may increase the failure or breakdown of electrical and mechanical
equipment. Even without considering the possibility of a resulting fire or explosion, electrical
and mechanical breakdowns can result in damage or destruction of major pieces of equipment
or injury to personnel. Poor housekeeping can lead to breakdowns in the following ways:






Accumulation of dust and other debris can create a thermal blanket or block air flow,
resulting in inadequate cooling of electrical equipment and cause the equipment to fail or
run hotter, thereby reducing efficiency and life expectancy;
Oil, grease, and other contaminants can damage electrical insulation on cables and in
motor windings, resulting in electrical short-circuits and failures;
Rags and debris provide a fuel source;
Electrical flashover or short-circuiting in switchgear and other enclosed electrical
equipment, as well as corrosion may occur if contaminates such as dirt, dust, soot, or
excess moisture are allowed to accumulate;
Improper isolation practices can lead to flammable fluid spills in plugs and drains.

4.3.6 Cleaning materials
Cleaning materials and their methods of use can present significant and frequently undetected
fire hazards. Any cleaning chemical or material brought into a facility ought to be reviewed for
potential hazards using MSDS information as a part of the material’s hazard identification
element of the overall fire prevention programme. Cleaning activities ought not to be allowed
to add unreasonable hazards to a facility by proper storage and use.
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5
5.1

FIRE RISK ANALYSIS

FIRE RISK ANALYSIS OVERVIEW

5.1.1 Objectives of fire risk analysis
The fire risk analysis objective is to demonstrate that the plant will maintain the ability to
perform safe shutdown functions and minimize radioactive releases to the environment in the
event of a fire. Fire risk analysis ought to be performed by qualified fire protection and reactor
systems engineers. Both of these engineering groups would address in-situ as well as postulated
transient fire hazards, as well as determine the postulated damage of a fire in any fire
compartment or cell on the ability to safely shutdown the reactor or on the ability to minimize
and control the release of radioactive material to the environment.
The analysis needs to specify or identify the necessary measures for fire prevention, fire
detection, fire suppression, and fire containment and alternative shutdown capability as required
for each fire compartment or cell containing SSCs important to safety that is in conformance
with the appropriate guidelines and regulations.
5.1.2 Fire risk analysis concept
This section introduces the concept of the fire risk analysis. Regardless of the requirements of
Member States, each country generally performs the following analyses:




Fire hazards analysis;
Safe shutdown analysis;
Fire probabilistic safety analysis.

International operating experience from the 30- to 40-year history of these operating NPPs, has
shown that an integrated approach yields an optimized FPP. FIG. 6 depicts this integrated
approach for the Fire Risk Analysis concept.
This section will provide examples of successful FPPs and generic guidelines and good
practices associated with this topic.
Each of the following sections provides insights and examples of the following:
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Identifying and analyzing fire hazards in the plant (Section 5.2);
Safe shutdown analysis (Section 5.3): analyses the capability of a safe shutdown in case
a fire related emergency;
Probabilistic safety analysis (Section 5.4): examines performing a fire probabilistic safety
analysis;
Vulnerability determination (Section 5.5): this section analyses vulnerabilities against
acceptance criteria to determine the optimal protection strategy.

5.1.3 Fire risk analysis documentation
The fire risk analysis may include the following elements and attributes:

















The applicable regulatory requirements and insights ought to be evaluated and
documented for future update as plant changes are made;
In-situ and postulated transient fire and explosion (although explosions are not addressed
here) hazards for each fire compartment ought to be documented. Examples of fire
hazards include, but are not limited to, floor/wall coatings, flammable and combustible
materials located in the fire compartment, and electrical cable jacketing, as well as other
items. This documentation would address the potential for fire spread, and the sources of
ignition;
External exposure hazards from plant site equipment/tanks, support buildings, or nearby
vegetation that could potentially expose SSCs important to safety to damage from the
effects of fires need to be identified. Depending on the NPP location, wildfire hazards
may also be addressed if there is the potential for a wildfire to damage SSCs important to
safety (although external fires are not addressed here);
The scope of automatic fire detection and suppression capabilities ought to be addressed.
The effects of lightning strikes may be included in the design of fire detection systems;
An analysis, either deterministic or risk based, ought to be documented on the potential
for SSCs important to safety to be impacted by a realistic fire within each fire
compartment. This would include the assessment of fire spread within each fire
compartment to define the scope of damage due to the amount of combustible material
(in-situ and transient), fire protection features (fire wrap, sprinklers, radiant barriers,
separation distance, etc.), potential ignition sources, and physical location of the post-fire
SSD equipment in relation to the postulated fire sources;
Reliance on and qualifications of fire barriers and related penetration fire seals, including
fire test results, the quality of the materials and barrier system, and the quality of the
barrier installation ought to be described;
Fire compartment construction (walls, floor, and ceiling materials, including coatings and
thicknesses); fire proofing of structural members; area dimensions and volume; normal
ventilation and smoke removal capability; and level of congestion as it applies needs to
provide sufficient information to determine that fire compartments have been properly
selected, based on the fire hazards present and the need for separation of SSCs important
to safety;
Manual fire suppression capability ought to be identified and documented. This may
include systems such as portable extinguishers, hose stations, hydrants, fire brigades, prefire plans and procedures, fire training and drills, off-site mutual aid, and accessibility of
fire compartments for manual firefighting. The location and type of manual firefighting
equipment, including, accessibility for manual firefighting may be identified;
Possible disabling effects of fire suppression systems on post-fire SSD capability ought
to be identified and documented. The term “damage by fire” includes damage to
equipment from the normal or inadvertent operation of fire suppression systems, such as
water damage. The FHA, or other documentation, needs to address the effects of
firefighting activities;
Potentially explosive environments from flammable gases or other potentially energetic
sources such as hydrogen processing areas or high voltage electrical cabinets may be
identified;
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Inerted containments where a lack of oxygen exists may be identified;
Fire compartments/cells where adequate separation of redundant post-fire safe shutdown
systems cannot be achieved ought to be identified with guidance for where alternative or
dedicated shutdown capability is provided.

Concurrent events involving worst-case fires concurrent with non-fire-related failures in safety
systems, other plant accidents, or the most severe natural phenomena, do not need to be assumed
unless beyond design basis accident (BDBA) analysis indicates this is necessary.
Unrelated fires occurring simultaneously in two or more units at multiple reactor sites need not
be assumed. Shared facilities between units and manmade site-related potential fire events that
could affect more than one reactor unit (such as aircraft crash/forest fire) ought to be identified
and considered.
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FIG. 6. Fire risk analysis overview

5.2

IDENTIFYING AND ANALYZING FIRE HAZARDS IN THE PLANT

Fire is a dynamic process of interacting physics and chemistry. Predicting what is likely to
happen under a given set of circumstances is difficult in the quantitative analysis as well as the
qualitative aspect. The fire modeling tools used to quantify variations of fire dynamics range
from straightforward hand calculations such as algebraic equations to sophisticated finite
element computer codes. It is necessary to understand the advantages and limitations of a
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specific model in a particular situation to best achieve the required objective. Often the
simplified models are used to help set up the more complex models in a more efficient manner.
Constituted of basic elements (see FIG. 7), there are generally two different methods to identify
and analyze fire hazards in an NPP for summary in the FHA:



Establishing a design basis fire;
Evaluating specific fire scenarios.

FIG. 7. Basic elements of a fire hazard analysis

5.2.1 Design basis fire
The definition of design-basis fire is one method of evaluating fire hazards in an NPP. If fire
breaks out in a confined fire compartment or cell, it is assumed that the fire is developed in
local areas without any manual or automatic fire suppression or any firefighting action and all
the combustibles burn out without regard to the available oxygen pertinent to the fuel-controlled
or ventilation-governed fire. It means that total heat released is calculated by the total amounts
of the fuel inside the fire zone multiplied by the heat release rate per unit weight. The design
basis fire is the most severe fire that could cause the most detrimental damage within the
postulated fire compartment or cell and would provide a bounding summary.
5.2.2 Calculate potential hazard
This approach is related with the fire load calculation construed from the concept of the fire
resistance requirements in the building codes. In most cases, this kind of fire load or severity
approximation is more severe than is determined by the more accurate quantitative analysis.
The fire load relationship was the first method to predict the severity of a fire that would be
anticipated in various fire compartments including the fire cells in NPPs. It was used to
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determine required fire resistance rating for fire barriers and structural components. Commonly,
fire load is expressed in terms of the average fire load which is the equivalent combustible
weight divided by the fire compartment area. In general, a 1-hour fire rating is equivalent to
9.08∙108 J/m2 and 2 or 3-hour fire rating is 1.82∙109 J/m2 or 2.27∙109 J/m2, respectively.
Technical methods to calculate the actual fire load or fire-resistance rating are available by use
of common building-occupancy-contents combination. These methods by approximation or
more exact calculation have been accepted under the performance-based building codes
adopted with the purpose to conservatively analyze potential fires in NPPs as well.
5.3

SAFE SHUTDOWN ANALYSIS

5.3.1 Effect on SSCs important to safety
A single fire event, including an exposure fire, could damage post-fire SSD equipment or result
in the release of radioactive material to the environment in this or an adjacent area. The
postulated fire in a given fire compartment ought to be assumed to involve either in-situ or
transient combustibles or both to bound the possibilities. The radiant energy, temperature
increase, or smoke from a fire are the principle concerns for damage to post-fire SSD equipment
or to allow uncontrolled release of radioactive material.
A single fire involving one post-fire SSD success path may provide an exposure fire for the
redundant SSD success path or paths located in the same area. In addition, a fire involving
combustibles not adjacent to either redundant SSD success path may result in an exposure fire
for both redundant SSD success paths located in the same area. The extinguishing system
effects on post-fire SSD equipment need to be considered also as a potential adverse impact on
SSCs.
5.3.2 Deterministic approach and probabilistic approach
Human factors are more at play in the probabilistic approach and are not part of the
deterministic approach. The risk of human actions can be more appropriately evaluated in
probabilistic safety analysis. The relationship between the deterministic and risk-based
approaches, such as minimizing the financial cost overall to focus on high risk areas ought to
be considered and addressed. At some NPPs where the risk-based approach was used to replace
the earlier deterministic fire protection program, unexpected high-risk areas where identified
where new equipment was added to provide additional DID for post-fire SSD equipment. In
one example, the deterministic approach of providing a redundant safety related source of
emergency feedwater was found through a detailed probabilistic safety analysis to have a
significant risk of failure due to power supply common failure from a fire. The increased risk
at more than one NPP resulted in the addition of a non-safety related additional emergency
feedwater source with an independent power supply to lower the overall plant risk due to a fire.
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5.4

PROBABILISTIC SAFETY ANALYSIS

The classical or deterministic fire protection guidelines do not address unique NPP specific
designs at each plant location. The classical or deterministic approach is a generalized way to
address fire hazards that may cause post-fire SSD hazards without consideration of the actual
risk in a given area which could lead to excessive expense to meet with no real safety benefit.
Insights, such as provided in Ref. [15] allows the use of probabilistic safety assessment (PSA)
to use risk-informed or performance-based alternatives to the classical or deterministic fire
protection guidance. In some cases, the use of PSA will identify that the risk of post-fire safe
shutdown adverse consequences is so insignificant that some deterministic standards are not
necessary. The PSA approach will allow a cost-effective use of limited resources to more
properly implement safety standards to protect the health and safety of the public from fire
induced radiological concerns. This approach is an extensive topic that will not be addressed in
this document due to the information already available elsewhere. For example, one approach
is provided in Ref. [16].
5.5

VULNERABILITY DETERMINATION

The use of both classical or deterministic and PSA or risk-informed performance-based
assessments may be used. The foundation of a deterministic approach provides a suitable base
to build the NPP fire protection program since some elements such as fire-fighting water
supplies, fire barriers, control of ignition sources, etc., are beneficial and may cover the entire
NPP buildings/structures. However, more specialized additional fire protection, or additional
post-fire SSD equipment may be needed due to higher risk of post-fire SSD hazards that can
only be determined by a PSA assessment of the risks in each fire compartment. As such the
vulnerability determination relies on both aspects to ensure a cost-effective approach is used to
ensure public health and safety from postulated fire impacts on each unique NPP configuration.
Older generation NPP’s that were not originally designed to meet the deterministic standards,
as they had not been documented at that time, but were updated to meet them such that defencein-depth was assured and found to be reasonable. However, in the case of some older
pressurized water reactors, by using the fire PSA methodology of Ref. [16], found an
unacceptably high risk for certain post-fire SSD systems. As a result, a third option of
emergency feedwater supply was added, or incipient detection was provided to critical electrical
panels to allow faster response to lower the risk to acceptable levels. In addition, the importance
of some of the fire protection features was found to be less important to overall plant safety,
and the FPP could focus more precisely on the relatively higher risk areas to allow a more costeffective program to be established.
5.5.1 Introduction
5.5.1.1 Assumptions
In the FHA, a fire is not considered to occur simultaneously with non-fire related failures in
safety systems, plant accidents, or the most severe natural phenomena, except the loss of off62

site power. The following conditions are assumed in the design-based fire evaluation at each
fire compartment or cell:



There is potential effect on safe shutdown and important to safety equipment if all
equipment within each fire is lost;
There is potential for release of radioactive materials in the event of a fire within each
area that contains such material.

For the off-site power loss condition, for example the criteria of Ref. [17], section III.L of
Appendix R to 10 CFR 50 could be used.
5.5.1.2 Fire impact to structures, equipment, personnel
Fires produce four major outputs: gases, flame, heat, and smoke. The materials involved in the
fire will determine the combination of these four outputs. In confined situations, the fire may
also cause significant pressure effects. These outputs can have consequences on structures,
personnel and equipment.
Examples of fire impact are discussed in Ref. [9].
5.5.2 Post-fire safe shutdown analysis
The goals of post-fire safe shutdown analysis is described in Ref. [18] to assure that a single
credible fire in any plant fire compartment or cell will not result in any fuel overheating or
cladding damage, rupture or leakage of the primary coolant boundary or rupture or leakage of
the primary containment to the environment. These goals prevent an unacceptable radiological
release as a result of the postulated fire.
Post-fire safe shutdown analysis is part of each NPP’s defence-in-depth FPP which has layers
of protection to offset unknowns. The age of the NPP and unique regulatory commitments
define the scope and detailed guidance developed.
The information provided in Ref. [18] chapters 4 and 5 provide useful insights in resolving the
issues of multiple spurious operations (MSO)2. Since the postulated fire may cause numerous
electrical faults in various systems the ability to identify and address MSO issues that are
credible is needed. The resolution methodology described in chapters 4 and 5 and in the
appendices referenced within Ref. [18] is one way for a licensee to address the MSO issue.
5.5.2.1 Deterministic methodology
When using the deterministic methodology, a basic assumption is that there will be fire damage
to all systems and equipment located within a common fire compartment or cell. Fire damage
is assumed to occur regardless of the amount of combustibles in the area, the ignition

2

Note: The term “MSO” will be used throughout this publication to denote one or more fire-induced component
failures due to fire-induced circuit failures, including, but not limited to spurious operations resulting from hot
shorts.
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temperatures, or the lack of an ignition source. The presence of automatic or manual fire
suppression and detection capability is also not credited.
It is with these assumptions regarding fire damage that use of the deterministic methodology
begins to identify the scope of damage. The methodology continues by selecting systems and
equipment needed for post-fire safe shutdown, on identifying the circuits of concern relative to
these systems and equipment as well as equipment located outside the fire compartment with
supporting circuits going through the fire compartment. Next the actions required outside this
area needed to mitigate each fire-induced effect to the systems, equipment and circuits for the
required safe shutdown path in each fire compartment is determined, whether from the control
room or local manual operator actions. This methodology ensures a comprehensive and safe
conservative approach for assuring that an operating NPP can be safely shut down in the event
of a single fire in any plant fire compartment or cell.
The deterministic methodology details from Ref. [18] includes identifying the
systems/equipment needed for SSD functions such as reactivity control, pressure control,
inventory control and decay heat removal for the NPP. Once the systems/equipment needed to
perform these functions are identified, then any support equipment ought to be identified using
both piping and instrument diagrams or electrical routing diagrams. The final stage of this
process is to identify the mitigating actions needed from outside the fire compartment or cell.
Actions from the control room or local manual actions by operations personnel need to be
documented in plant procedures with appropriate timing confirmation to ensure post-fire safe
shutdown meets the SSD functions listed above.
5.5.2.2 Risk significance methods
the resolution methodology for determining the plant-specific list of MSOs is contained in
Ref. [18] chapter 4 (Refer to that chapter for additional details). The method details both the
determination of applicable plant-specific MSOs and the disposition/mitigation of the MSOs
using either deterministic methods, fire modelling or risk (e.g. focused scope fire probabilistic
risk assessment) methods.
5.5.3 Application of fire hazard analysis
5.5.3.1 Overview
Many countries use different methodologies of FHA documentation. The common principles
of different methodologies are based on a deterministic approach. Certain NPPs additionally
use risk informed analysis.
The deterministic FHA is a simple methodology controlling the effect of changes to plant
configuration related to changing fire hazards. The choice of a correct database is an important
question. Either a fully deterministic approach with worst case fire assumptions, or a more
realistic risk-based approach is acceptable depending on regulatory requirements for the site
location.
The original FHA will show fire hazards at the time the document was prepared. In case of
plant modifications or changes, the fire hazards could change. Therefore, in this case, the NPPs
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ought to modify or update the FHA. The FHA is updated at most NPPs during the period the
modification is being designed, keeping the design documentation consistent; the FHA needs
to be updated periodically.
Examples of modifications to FHA include the following:










When new cable lines are installed: leading to additional fire load in different areas, or
rooms;
When new electrical cabinets are installed: leading to additional fire load, additional
ignition sources in different areas, rooms;
When changes in oil or fuel quantities are made: leading to additional fire load in different
areas, or rooms;
When fire doors are changed: leading to fire or smoke spreading barrier changes;
When there are changes in cable penetrations: leading to fire or smoke spreading barrier
changes;
When new ventilation ducts or pipes are installed: leading to fire or smoke spreading
barrier changes;
When changes are made in the thermal isolation of equipment;
When changes are made regarding walls;
When there is any modification of the facility itself.

APPENDIX IV has a fire hazard analysis report format.
5.5.3.2 Use FHA to evaluate modifications to NPP
The FHA provides a base document to evaluate fire protection modifications. When gaps are
identified by analysis in the FHA the need for additional plant modifications can be specified.
For example, in the fire compartment that has an increase in the fire load identified then it can
be evaluated to see if there needs to be additional fire detectors, more or different portable
extinguishers, etc. Suitable plant changes needed to mitigate the weaknesses are more apparent
based on the FHA information.

Permit approval
The first step before plant changes, such as modifications, is to investigate the effect of changes
to safety, and what changes to fire protection are needed. This is an important question in case
of plant modifications, or temporary changes (storage of combustibles, using combustibles at
maintenance locations, hot work activities, etc.). The changes and their postulated impact on
fire protection may be allowed, or require compensatory measures, based on permit
requirements. The FHA can be incorporated to the online control when it is required for the
continuous permission for temporary plant conditions (i.e., temporary modifications,
maintenance activities, etc.), such as the storage of combustibles or hot work control. Some
systematic approaches, such as the fire load calculation by intranet or display system, have been
used in operating NPPs. The combination of area control of temporary plant conditions and fire
load control of combustible material could result in more effective plant operation. For
example, the risk from the temporary modification and combustibles in a fire compartment
which contains SSD facilities may be low during the outage periods, after the nuclear fuel
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elements were removed from the reactor, and it can allow more space to be used or time
available for the combustible storage without increasing the plant risk from fires for that area
Ref. [19].

Maintain performance level
The original or modified level of FHA is a basic level at the time of document development. In
case of later plant maintenance activities, the plant could change plant configurations (such as
additional electrical cables or components) from the original analysis, store different
combustibles from what existed earlier, and these changes can be evaluated in relation to the
different fire hazard through an FHA update.

Work planners
Day-to-day use of the FHA ought to be occurring during work planning activities. In case of
minor temporary changes in fire protection, the plant could use a simplified FHA type process
during work planning and work order permitting, in order to identify suitable compensatory
measures. As most NPPs use hot work permits, specific industrial safety hazard analysis would
be based on the content of the simplified FHA type document. Work planning needs to include
an analysis of the potential impact on both SSD and overall fire risk, as well as worker safety
in accordance with national regulations.
5.5.3.3 Fire hazard analysis may be used to evaluate other plant work





Needs analysis for fire responders and minimum complement fire protection staffing;
Space allocation and transient material permitting (SATM);
Engineering plant change control;
Fire pre-planning.

5.5.4 Impacts of plant modifications
Permanent or temporary plant modifications can affect fire protection equipment or features
and must be evaluated and authorized prior to implementation. In some cases, compensatory
measures will be required during temporary plant changes which may involve scaffolding or
other features which may block or obstruct fire protection equipment or fire brigade access.
FHA becomes a source of reference for evaluating the impact of plant modifications to
determine acceptability, need for compensatory measures, or changes prior to implementation.
During the course of operation, it can be expected that changes will be made that impact fire
protection capabilities. These changes could result in increased hazards, resulting in changes
to:
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Fire protection strategy;
Emergency response capabilities.

5.5.4.1 Modifications impact on fire protection equipment
Examples of modification impacts that ought to be considered are identified below. These are
limited examples of the most frequent items that typically occur at operating nuclear power
plants and would not be consider an exhaustive list. The fire database and good practices ought
to be consulted to help develop a more comprehensive list of modification impacts.

Sprinklers obstructed
Fire sprinkler systems are designed to ensure adequate coverage to limit the spread of credible
fires in areas where they are installed. In some cases, the additional installation of equipment,
temporary scaffolding, piping or cable lines can obstruct sprinkler head spray pattern as these
may have been located based on the original design configuration. The consequence could be
an ineffective fire extinguishing capability. Limited sprinkler head obstruction during
temporary plant configuration changes may be allowed, as long as the plant management,
operations personnel, and fire brigade teams are made aware of these changes. Compensatory
measures such as roving fire watches ought to be considered during these situations.

Hoses/equipment blocked
Similar to fire sprinkler obstructions, access to fire hoses, portable extinguishers or other
firefighting equipment may be blocked or obstructed due to permanent or temporary plant
modifications. The consequence could be ineffective access to this essential fire extinguishing
equipment. In all cases, these plant modifications will need to be evaluated for acceptability,
considered for compensatory measures, or revised prior to implementation. Once the final
design is allowed for implementation and still involves some obstruction or blockage, for a
limited time, the plant management, operations personnel, and fire brigade teams ought to be
made aware of such obstruction or blockage.

Impact on fire detection
Fire detection systems may be based on sensing smoke, heat, radiant energy or incipient gases
that are based on a plant configuration at the time of installation. Numerous plant modifications
to plant heating or cooling systems, obstructions to original air flow patterns or line of sight
configurations, or other changes may be considered for adequate fire detection. The
consequence could be ineffective fire detection and extinguishing capability.
In all cases, these plant modifications will need to be evaluated for acceptability, considered for
compensatory measures, or revised prior to implementation. Once the final design is allowed
for implementation and still involves some negative detection impact, for a limited time, the
plant management, operations personnel, and fire brigade teams ought to be made aware of
such negative detection impact.

Water supply
A primary foundation for fire suppression is an adequate water supply volume and flow rate for
either automatic fire suppression or manual fire suppression by fire brigade intervention. The
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use of fire water supply systems for non-fire protection purposes ought to be minimized or
prevented during power operation. The lack of suitable fire water supply would result in
ineffective fire extinguishing capability.

Exit obstruction
The life and safety of personnel can be adversely impacted by plant changes if such changes
obstruct exit routes for a fire compartment. Structural changes, equipment additions, security
door changes, or temporary changes need to be evaluated for acceptability prior to
implementation.

Fire response access
Generally, two paths for firefighting personnel to reach a fire compartment are provided, when
possible. Like the exit obstructions listed above the fire response access may be impacted. The
consequence could be an ineffective or loss of manual firefighting capability.
5.5.4.2 Change in combustible loading/fire severity
In cases where the fire load changes, the fire risk is also impacted. In the process of
modernization, the plant changes could impact fire load, for example, when installing new
cables. In older plants, the fire load could be reduced changing out older cables. In addition, the
installation of new electrical equipment could increase the ignition probability.
5.5.4.3 Installation of new walls
The installation of new walls could affect ventilation effectiveness, access/egress paths, or need
to be investigated for necessary changes to fire alarm or fire suppression systems.
5.6

SPECIAL CONSIDERATIONS

5.6.1 Seismic induced fires
This section focuses on the fire’s hazards linked to earthquake events, and the various issues
concerning fire protection and prevention when dealing with earthquake conditions. After
giving an overview of the operational experience for industry, it reminds us about the main
aspects of the seismic design of each NPP, and the specific operational experience for the
nuclear power industry. Different stress tests performed are recalled, some of them performed
after the accident at the Fukushima-Daiichi NPP in 2011, following the great earthquake and
tsunami. Recommendations are given on the necessary organizations, maintenance, control,
trainings, drills, etc., to be made by the utility operators, and the main aspects of the
management of the fire risk in earthquake situations.
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5.6.1.1 Seismic hazards, generality
Earthquake events present a very low probability of occurrence during a plant life, but their
effect may be significant. They are external hazards which present characteristics that
profoundly challenge nuclear safety: they concern all the plant equipment and structures at the
same time — potentially several plants — and their effect concerns both the outside and the
inside of buildings, including the surrounding areas, which might make it difficult to provide
external supplies.
Earthquake induced fires may potentially happen at the same time at different places inside the
plant. Nuclear fire safety management principles being based on the occurrence of one
independent fire event (rarely 2 or more), the main issue for fire protection in case of
earthquakes is to prevent or avoid seismic damage induced fires (a secondary issue being to
manage independent fires occurring in the long-term after an earthquake).

Consequences of an earthquake








Mechanical damage to structures and plant equipment due to the initial effect of
earthquakes (some plant equipment is more rugged in comparison with others: e.g.
electrical cabinets);
Effect on soil;
Falling material (anchorage failure or non-anchored devices);
Displacement of material (e.g. non-anchored vertical tank displacement);
Cables and electrical connections (flexibility of connections, falling of cable trays);
Seismic interaction in control room or other essential buildings;
Some interactions have been noticed concerning fire protection devices:




Spurious smoke detection due to dust (including sensor-controlled spurious
activation);
Spurious activation of sprinkling systems resulting from falls;
Mechanical damage to the fire barriers, depending on their robustness: doors,
valves, penetration seals, cable wrapping, etc.

Seismically induced fires in the industry
A recent study in the USA Ref. [20] indicates that similar to statistics gleaned from the 1994
Northridge earthquake (mostly domestic fires), half of all seismic induced fire ignitions are
typically electrically related, a quarter are linked to gas leakage, and the others stem from a
variety of causes, including chemical reactions. The report mentions that the Japanese gas
industry planned to move to shut-off valves after the Kobe earthquake.
The USA’s department of energy’s seismic evaluation procedure Ref. [21] provides a list of the
potential seismic-induced spray, flood and fire interactions that ought to be evaluated:



Hazardous/flammable material stored with inadequate clearance in unanchored shelves,
or unlocked cabinets;
Non-ductile fluid-carrying pipes (such as cast-iron or pvc pipes);
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Natural gas lines and their attachment to equipment or buildings;
Acetylene bottles;
Mechanical and threaded piping couplings can fail and lead to pipe deflection and falling
and impact on equipment. Grooved type coupling used in the fire protection piping are
one example of this type of mechanical coupling;
Sheetrock falling and impact on equipment if it was previously water-damaged or if there
is severe distortion of the building;
Unanchored room heaters, air conditioning units, sinks and water fountains may fall or
slide into equipment.

5.6.1.2 NPP seismic design approach
In practical terms, the main part of the protection against earthquake effects is based on the
seismic design of the plant structure and equipment.
As required in the IAEA seismic design standards Ref. [22], NPP focus is based on a
classification process. Equipment important to safety is designed for a seismic level agreed by
the authorities, and their fire protection too (if any). The component design is completed by the
so-called “seismic interaction” approach which aims to avoid impacting of seismically designed
components by non-seismic designed ones (mechanical impacts, falls, etc.). This approach is
mostly based on walk-downs and periodic updates and close management of the modification
process and other permit of work risk analysis (seismic housekeeping and management of
transient equipment). Nevertheless, this kind of approach is focusing on the falling of structures,
fixed components or transient material, but not on induced fires.
From an overall point of view, structures and significant material for nuclear safety are designed
inside the nuclear island for the design basis earthquake (DBE), in order to maintain their
functional requirement.
The fire prevention/protection SSCs are generally designed to resist a certain seismic load, in
some cases less than the DBE.
Fires inside the nuclear island (at least inside seismically classified buildings) are generally
expected to be unlikely to happen and the seismic design of the fire protection devices appears
as a supplementary robustness.
Outside the nuclear island, induced fires are likely to happen from an earthquake of medium
magnitude. Fire ignition is thus postulated, but it is required that those fires may not jeopardize
classified buildings or safety targets.
In non-seismic-classified parts of the plant, the fire-water network is generally not designed for
the DBE. Commonly, the main water supply may also play a role as an alternative water source
for SSD issues. Therefore, the design of this system is robust in the areas where needed.
Manual or automatic valves ought to be provided to isolate the seismic designed part of the fire
water supply from the non-seismic one, in the case of an earthquake. The actuation of those
valves may be controlled by earthquake sensors. Otherwise, specific procedures are necessary
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to guarantee a quick shutdown of those valves in case of a significant earthquake by operator
actions.
The seismic design of the plant is in most cases verified with a PSA study. It is to be noted that
these studies generally do not take into account potential induced fire aspects.
International feedback on NPP fires caused by a seismic incident followed a survey of over 100
plant and industrial facilities after 18 major earthquakes. The study was conducted by EPRI in
1990 Ref. [23]. At that date, no incidence of a post-earthquake fire impacting an NPP had been
documented. Such events are rare. Following the earthquake of 11 March 2011 in Japan, recent
seismic events causing earthquake-induced fires have been reviewed by EPRI Ref. [24].

Onagawa (Japan 2011)
During the 2011 Great East Earthquake, the heavy breakers hanging in switchgear cabinets
swung wildly, causing arcs where the 6.9kV switchgear bushings are mated with the insulation
bushings, or HEAFs. As a result, an arcing fault appeared in the switchgear cabinet. This short
circuit, or arcing, resulted in a fire in the cabinet. Due to the difficulties to ingress in the
compartment, the fire lasted 7 hours. The countermeasures against these HEAFs have been
implemented across all Japanese utilities, including the installation of digital protective relays
with appropriately set values for coordination protection. See Ref. [11] for more details.

Fukushima Daiichi (Japan, 2011)
No seismically induced fire occurred at the Fukushima-Daiichi NPP, as a direct result of the
earthquake or the ensuing tsunami. Nevertheless, the plant suffered from hydrogen explosions,
linked to the difficulty in implementing the severe accident management by the operators, and
other support organizations. Even though the Fukushima Daiichi NPP was not directly damaged
by the impact of internal fires (other than the hydrogen explosion consequences), the design
base for many kinds of internal and external hazards, including fire hazards, were upgraded by
new regulations.

Kashiwazaki Kariwa (Japan, 2007)
A fire caused by an earthquake started in an electrical transformer and was extinguished in two
hours. The earthquake caused damage to the fire water piping (leakage). The operators did not
have adequate firefighting preparedness for this situation and the arrival of the off-site fire
department was delayed. The lessons learned included deploying additional qualified on-site
fire brigade personnel, adding fire engines, and replacement of the fire water piping system to
withstand projected seismic events. No significant safety issues resulted from this fire event.

Maanshan NPP (Taiwan, 2007)
During and following an earthquake, dust accumulated in the ventilation pipe of the main
control room, and when floating down from the ceiling, it was interpreted as a fire. The
operators conservatively decided to trip one of the reactors as a safety precaution.
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US Individual Plant Examination of External Events
The USA’s individual plant examination of external events (IPEEE) Ref. [25] programme
provided the verification of a large population of external hazards including seismically induced
fires. The main issues regarding these topics were the following:






Examinations included the potential for seismic initiated fire, degradation and/or spurious
actuation of fire suppression systems;
For most of the submittal, seismic-fire considerations were included in the scope of the
overall walk-down effort;
Identification and vulnerability of combustion sources (e.g., hydrogen lines, oil tanks,
fuel lines, unanchored electrical panels);
Fire interaction evaluations which led to a number of fixes: relocation of fire sources far
from safety equipment, restraining gas cylinders, strengthening anchorages for fuel oil
tanks;
Inadvertent actuation of fire suppression system and interaction with important to safety
equipment was one of the most consistent strong points.

French stress tests (post Fukushima-Daiichi NPP event)
(i)

SOER WANO

In the days following the accident at the Fukushima-Daiichi NPP, the world association of
nuclear operators (WANO) published recommendations for the utilities Ref. [26], in particular:
“Point 4. Perform walk-downs and inspections of important equipment needed to mitigate
fire and flood events to identify the potential that the equipment’s function could be lost during
seismic events appropriate for the site. Develop mitigating strategies for identified
vulnerabilities. As a minimum, perform walk-downs and inspection of important equipment
(permanent and temporary) such as storage tanks, plant water intake structures, and fire and
flood response equipment; and develop mitigating strategies to cope with the loss of that
important function.”
This action was completed in May 2011. French NPP learnings from the walk-downs were as
follows:
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Need to enhance the accessibility of the isolating valves on the main water supply duct
and clarify the operator procedures relative to their activation in case of earthquake;
Need to enhance the control of the seismic design of the fire hose cabinets due to the
detection of some non-conformity (these components are not designed to resist DBE, but
they are studied in a seismic interaction approach: no damage of the fire water supply
piping and no damage of safety components in case of the hose cabinet falling down);
Need to enhance the seismic information and training of the plant operators.

(ii)

Complementary safety studies (ECS France)

Following the SOER WANO stress test, the French authority asked in its decision of
5 May 2011, to proceed to a deeper stress test in each French NPP relative to large earthquake
and external flooding hazard events, taking into account the Fukushima-Daiichi operational
experience.
This stress test, including supplementary walk-downs, was performed during the summer of
2011 (e.g. Gravelines plant ECS report Ref. [27]) for each existing or planned French EDF
reactor (59). The analysis included a conformity check relative to the existing safety
requirements for these hazards, and a complementary qualitative analysis considering the recent
operational experience.
Concerning fire and explosion, dedicated chapters consider the available risk and answers
concerning internal or external (environmental) fires and explosions. These reports detail the
strategy in a nuclear island where induced fires are considered avoided in design basis
conditions. Internal explosions are regarded since the nineties through a specific detailed safety
assessment progressively applied to the different plant types.
The main decisions made during the process concerned enhancement of some component
seismic design criteria and creation of a national nuclear rapid intervention force (FARN)
dedicated to the supporting the plant operator in case of a major event, see Ref. [28]. This force
relies on complementary mobile equipment and plug-in components being worked out. It has
to be understood that the objective of this force is to operate the plant and not specifically to
fight potential fires.
5.6.1.3 Earthquake hazard prevention
The earthquake hazard prevention during the plant operation, depending on the seismic design
of the plant, consists of:


Organizing and applying control of the seismic design fire safety management devices:





Organizing the recovery from significant seismic events, in terms of actions and controls
during and after the event:





By maintenance of designed components;
By application of housekeeping programmes, including control and prevention of
the possible seismic interactions linked to transient equipment or storage;

By the activation of seismic/non seismic isolation valves on water supply circuit;
By the control of the fire safety management for any possible device damage, etc.;

Preparing and implementing training and drills taking into account the global potential
effect of an earthquake, inside the design basis assumption (and beyond, see section
5.6.2):


By identifying the main fire scenario;
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By ensuring recurrent drills including, if necessary, internal and external
firefighting for each scenario.

5.6.2 Beyond design basis fires
This section focuses on the new considerations in terms of external hazards prevention that
appeared following the accident at the Fukushima-Daiichi NPP in 2011. It gives some overall
idea of the approaches developed for beyond design basis hazards assessments in NPP, that will
likely continue to evolve.
5.6.2.1 Post-Fukushima issues
The Japanese earthquake in March 2011 and its consequences on the Fukushima-Daiichi NPP
has prompted a significant process in the international community concerning the BDBA. New
considerations are being worked out not only on earthquake and flooding but also on the other
external hazards (and/or hazard combinations) like tornado and other extreme weather
conditions.
Even while the related programmes are still being developed, significant modifications have
begun in different countries concerning plant design and organization. In the scope of fire
protection, the main issues have been specific analysis and walk-down controls performed in
the years following the accident (for instance, the SOER WANO stress test, French
complementary safety studies (ECS), American diverse and flexible coping strategies (FLEX),
etc.). They have demonstrated the necessity to develop new rules concerning environmentally
induced fire or explosions in BDBA and the general availability of the fire protection people
and devices. Responses are coming from a reinforced design safety analysis adapted to this kind
of situation (graduated approach on the minimum safety functions to preserve the hardened
safety core (HSC) based on risk importance) and from organizational response to extreme
external hazard scenario (drills, complementary equipment, supplementary external
intervention teams, etc.).
5.6.2.2 Earthquakes
The tendency is to strengthen the fire protection devices, other safety devices, with all
remaining at a design basis level. Beyond those design considerations, the problem is focused
on the HSC and its potential damage by induced fires.
Studies focus on the risk of seismic induced fires and their potential impact on the HSC
components and functions:
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Identify the potential risk sources in the surrounding area of the HSC components and
supports;
Control them through walk-downs, for instance, and when a risk is confirmed for the HSC
and supports, settle corrective actions like removing, replacing with resistant component,
strengthening, etc.;
Develop plans for staging support equipment nearby, or options to have it brought in
expeditiously with agreements documented and maintain the options throughout the life
of the plant.

5.6.2.3 Seasonal impacts

Weather
Safety-related fire protection equipment is generally protected against extreme temperature
design conditions, cold or hot.
Specific weather phenomena as exceptional rain, hailstorms, snow, tornado, hurricanes, etc.,
are generally covered through the design rules. The main concern is for the external parts of the
plant, where the fire protection components may have to be protected.

Floods
The risk of external flooding concerns including tsunami, as appropriate, or nearby rivers or
lakes for the external areas of the plant, as the design normally prevents water entering inside
the safety classified parts. The BDBA flooding is focused on the protection of the HSC.
Generally, the rooms containing the HSC components will be designed to avoid flooding.

Tornadoes
Protection against extreme wind conditions such as tornado events depends on specific missile
and wind protection inside tornado designed buildings of the HSC, and thus their specific fire
protection systems.

Environmental or other external events
Catastrophic impacts linked to the other nearby industry establishments or pipelines
surrounding the plant is one of the issues regarded in the BDBA. In addition, transportation
vehicles like trucks, trains or airplanes near or over the plant add to the issues to be considered.
External fires and explosion, toxic gas, chemicals or smoke clouds are considered as the most
probable hazards.
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6

EMERGENCY RESPONSE

Emergency response issues for fires need to be addressed as part of a facility’s fire protection
strategy. Emergency response is defined as the efforts made by a coordinated group of
personnel to assess, control and mitigate hazardous events.
Emergency response issues can be complicated to manage and often require significant training
and equipment. Emergency response organizations must also meet government regulatory and
company requirements.
Emergency response capabilities have a significant impact on a fire protection and response
strategy. One primary question that must be addressed is whether to fight or not to fight fires
(other than incipient ones). Emergency response is one of the last layers of protection at a
facility that often uses off-site support personnel.
6.1

ORGANIZATION

6.1.1 On-site fire brigade vs. outside responders
The organization of fire brigade requires that effective measures be implemented to ensure the
proper execution of fire fighting with the proper organization, training, and equipment facilities
for on-site fire brigades at NPP sites.
An effective fire brigade training programme ought to be implemented to establish and maintain
the capability to fight credible and challenging fires. The brigade is headed by a brigade chief,
preferably a member of the operations department to better understand the significance of the
equipment involved in the fire emergency. A shift fire brigade leader or shift chief may also be
assigned to each shift. During a fire incident, the shift chief is in charge of the incident until the
local municipal fire department arrives. The officer in charge of the municipal fire department
and the shift chief will establish a joint incident command. The fire brigade, for example,
typically consists of at least five members including the shift chief on each shift.
6.1.2 Off-site fire department interface
On-site fire brigades respond first to any plant fire emergency, since they are part of the plant
staff, and assess whether additional off-site fire response is needed. Often a mutual aid
agreement is established with a local fire department(s) to provided additional support if the
fire size or complexity exceeds the capabilities of the limited staff available from the on-site
fire brigade.
Periodic plant training is needed to ensure the off-site response personnel have the appropriate
equipment to interface with site equipment, they know the site characteristics (fire pre-plans
and FHA), and appropriate communications for command control with the plant control room
personnel.
The off-site or local fire department(s) that provide backup firefighting support ought to have
the following:
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Personnel and support equipment consistent with what are assumed in the plant’s FHA
and fire pre-plans;
Threads compatible with those used by local fire departments may be provided on all
hydrants, hose couplings, and standpipe risers. Alternatively, a sufficient number of hose
thread adapters may be provided;
Fire hoses need to be hydrostatically tested according to adequate standards such as
NFPA;
Fire hoses stored in outside hose houses need to be tested periodically (i.e., annually).

FIG. 8 presents an example of organization of fire brigade during normal operation.

FIG. 8. An organization example during normal operation (Source: KHNP)
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FIG. 9 presents an example of organization of fire brigade during emergency operation.

FIG. 9. An organization example during emergency operation (Source: KHNP)

6.2

MANUAL FIREFIGHTING CAPABILITIES

The provision of manual firefighting and emergency response capabilities at an NPP facility is
a foundational element of fire protection DID, ensuring the protection of personnel, plant
equipment, and nuclear safety. Manual fire response and intervention is always required to
mitigate fire events, provide for the safety of lives and is assumed to be present for nuclear
facility design and construction standards. The recommendations in this chapter are based upon
industry best practices and operational experience from international best performing plants.
Several good practices have been identified from member states in Ref. [19].
6.2.1 Fire pre-plan
6.2.1.1 Fire response needs analysis
Fire and emergency response equipment and resource needs at an NPP facility are determined
from the following:
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Regulatory requirements (which may contain prescriptive, deterministic, or performancebased requirements);
Implementation of applicable codes and standards (which may contain prescriptive,
deterministic, or performance-based requirements);
Corporate loss prevention requirements;
Requirements determined from a systematic assessment of hazards, risks and fire
protection goals in consideration of the physical design features of the facility and
operational practices.

These requirements are demonstrated to be met in a documented fire response needs analysis
(FRNA) which identifies the minimum human resources, equipment and intervention timelines
required at the facility.
The FRNA systematically analyses postulated fires or scenarios at the facility, on a hazard-byhazard basis. This analysis incorporates information from FHA, fire safe shutdown analysis and
combustible control requirements (CCR) in analyzing fuel packages, the potential for impact to
safety-related structures, systems and components, safety of the responders, effects of the fire
and effects of firefighting activities.
Postulated fires are assessed for equipment and human resource needs based upon planned
response strategies and required intervention timelines (determined from sources such as the
fire safe shutdown analysis, safety analysis report, and loss prevention assessments).
At the end of the systematic assessment, the minimum staffing levels are determined for the
facility based on the analysis. Minimum response equipment and their staged location, if not
centrally provided, are also documented. This assessment and its output form the basis of fire
pre-planning and equipment staging in the field.
Experience from conducting FRNA have shown that the minimum resource requirements for a
nuclear facility are typically not determined from single large “design basis” fire events but
from the most demanding needs from multiple individually assessed events depending on the
size of the postulated fire, ability to access the fire, intervention timelines and protection
requirements for the emergency responders for each scenario.
The FRNA is typically performed prior to initial construction and revised (which may require
updating or simple confirmation) at any point where there are major changes in hazards,
changes in physical design or operational state (e.g., changing from an operating plant to
decommissioning). The FRNA ought to be performed by a multi-disciplinary team including
representatives from emergency response, fire protection, engineering, operations, and safety
analysis. The FRNA incorporates information from supporting analysis such as fire pre-plans,
FSAR, FHA, fire safe shutdown analysis and CCR to document response objectives,
intervention timeline targets and resource requirements.
6.2.1.2 Fire pre-plans
Each plant fire compartment needs to be documented in a format to support training of
personnel for fire response. The fire pre-plans provide a summary of where nuclear safetyrelated equipment and post-fire SSD components are located in relation to potential fire hazards
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and what installed plant equipment is available to support firefighting activities. Typically fire
pre-plans include:




Fire compartment equipment layout, potential fire hazards, important to safety
components or post-fire SSD equipment, and any fire protection features (detection and
suppression related) that may be present. Any impairments that are long-term ought to be
identified as appropriate;
Fire pre-plans may include:






Strategy for pre-planned responses to fire alarms;
Options for notification to emergency response teams (e.g., on-site fire brigade, offsite fire department, emergency planning organization);
Coordination needs for operations and security personnel to support firefighting
activities;
Firefighting techniques for each fire compartment;
Identification to allow appropriate response to potential radiological hazards.

Fire pre-plans ought to be available in the main control room and with the site fire brigade
assembly area(s). Plans ought to be reviewed and updated after significant plant changes or
periodically, as an example, every two years.
General example of fire pre-plans may be found in APPENDIX II.
6.2.1.3 Access and egress routes, lighting and communication
Paths to and from each fire compartment must be designed into the plant layout such that both
firefighting personnel as well as operations personnel involved with the safe shutdown will be
able to perform their separate functions for a single fire in any fire compartment. Multiple
access/egress paths, with adequate emergency lighting, and consideration for security locking
devices must be evaluated. The products of combustion will also need to be addressed since
personnel habitability issues or visibility concerns may delay operations personnel involved
with safe shutdown activities near the fire location. All potential delays in operations personnel
activities will need to be addressed to ensure post-fire SSD activities are successful.
Emergency lighting, in either the fixed positions where needed, or portable to be used by plant
personnel in SSD activities established by plant procedures must be provided. The locations
include access/egress routes, as well as locations where the actions are to be performed on SSD
equipment. This lighting will require illumination checks, maintenance and testing to ensure
availability at all times. Plant communications, in the form of fixed local, or portable radio
systems to support both the on-site fire brigade and operations personnel involved in SSD
activities must be provided. These systems ought to be independent of normal plant
communication systems, powered such that nearby fires will not affect them, tested for
interference with other plant equipment (i.e., protective relays), and suitable for communication
with off-site local fire departments, when needed. These systems will need to be tested for
adequacy, and always maintained and inspected to be available when needed.
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6.2.1.4 Notification
A procedure must be established and included in the emergency response plan (ERP) for
notification of an emergency situation to:






Other personnel on-site;
On-site emergency response team;
The surrounding community;
Outside emergency response teams, community, or mutual aid;
Regulatory agencies.

6.2.2 Firefighting response
6.2.2.1 Incident command equipment
Effective incident management requires command and control of the responders, equipment
and documentation to support an effective response. The FRNA identifies equipment and
resources to manage the control and response to an incident. Equipment required for the
response, including incident management, is required to be available and functioning when
demanded for the incident commander (IC) to effectively manage the emergency. effective
response requires clear two-way communications with the various response organizations and
their responders, including plant staff, mutual aid organizations, security and emergency
preparedness groups.
The required equipment at a minimum may include:









Radio communications between the command post - IC and emergency responders with
the ability to utilize multiple channels simultaneously for effective command and control
of parallel response activities, including security;
Radio communications with mutual aid organizations;
Radio communications with the emergency operations center and control rooms (main
and secondary);
Fire preplans in a suitable format to aid the IC in the field (an example of a fire preplan
is provided in APPENDIX II);
Provisions to record actions and conditions;
Tactical worksheets;
Response procedures or guidelines;
Readily identifiable, sheltered and environmentally controlled (heat, ventilation, etc.)
Command Post which is protected from the effects of the incident and equipped with
light, heat and electrical power such as an Incident Command vehicle.

6.2.2.2 Response equipment
The minimum required number of responders and equipment are determined through the
FRNA. The fire response organization and FPP ensures the following:
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The aggregate response capability of on-site emergency response and off-site mutual aid
meets the minimum resource and intervention timeline needs as determined by the FRNA;
On-site and off-site equipment and their deployment procedures are compatible and
interoperable;
Off-site responders from mutual aid organizations are familiar with the hazards and risks
at the nuclear facility, their role in a response and the operation of emergency response
equipment at the facility.

To ensure an effective and timely intervention, emergency response equipment is provided to
the responders, including firefighting personal protective clothing, respiratory protective
equipment, personal or team radios, flashlights, radiation monitoring equipment, personal
dosimeters, and firefighting and emergency response equipment (such as hoses, nozzles and
fire extinguishers, rescue tools, ladders, forcible entry tools, smoke removal equipment and
foam generating equipment). Additional equipment and resources for emergency medical care,
responder rest and rehabilitation during the incident (shelter, water, etc.), environmental
protection (e.g. spill control) and property conservation are provided.
All personal response equipment (such as firefighter bunker gear, breathing apparatus,
flashlights, etc.), is inspected periodically, such as at the beginning of each shift, to ensure it is
in a state of readiness. All emergency response equipment, including personal response
equipment is maintained under a documented ITM programme.
It is important to take balance between rapid / timely intervention and reliability. Indeed, “false”
alarms might have an impact on reliability and therefore impact the response time, as indicated
in TABLE 6.
6.2.3 Consideration for emergency response
6.2.3.1 Incident command system
A plan to integrate the facility firefighting team, local community fire response organization,
and/or mutual aid firefighting group incident command system must be included in the ERP.
Where the community response organization supplies the incident command system, the role
of the facility employees does not need to be defined. The answers to the following questions
must be prepared:
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Who will represent the company and in what role in the Incident Command (IC) System?
Who will be the IC before and after the arrival of the external fire department?
Who will be the official spokesperson?
Who will be responsible for taking over the plant situation after the external fire
department arrival?
Will employees simply evacuate after shutting down operating units to a preplanned
location?
Will some employees remain to provide advice to the IC or operations officer?
Will trained and qualified employees assist the community fire brigade in suppression
activities?



Who will decide when it is safe to return control of the emergency site to the owner?

6.2.3.2 Examples of response effectiveness factors
Examples of response effectiveness factors can be found in TABLE 6.
TABLE 6. EXAMPLES OF RESPONSE EFFECTIVENESS FACTORS (adapted from
Ref. [29])
Factor

Considerations

Response time

Faster response times done in a safe manner better ensure a higher probability to limit the
consequences of an incident. Note that “false” alarms may occur and a timely way to
validate the significance of each alarm may need to be considered.

Existing on-duty personnel

Ensure an appropriate number of qualified individuals are on-duty each shift to effectively
respond to an incident.

Existing qualifications/training

Verify the existence of qualified and trained individuals in the organization to minimize
additional personnel being needed.

Site-specific knowledge

Ensure on-site personnel used in responses are aware of the site-specific layout and
equipment/materials involved.

Existing off-duty personnel

Should on-duty staff be unable to support the response needs, ensure off-duty or mutual aid
support personnel are available, and can respond in a timely manner.

Availability of response team

Contingency plans must be developed to address multiple emergencies that could
overburden the projected response needs.

Exposure to fire hazards

Adequate personnel response protective equipment must be made available in a known
location to minimize exposure to fire-fighting personnel from heat and toxic smoke from a
fire.

Environmental concerns

Controls must be provided to ensure contaminated fire-fighting water run-off is directed so
as to protect water supplies (drinking water, lakes, rivers, etc.) from contamination.

Existing equipment

Ensure the existing plant fire-fighting equipment is suitable for the hazards at that location.
This includes both fixed and portable/mobile fire suppression equipment and any special
needs response equipment.

6.2.3.3 Example of management considerations for determining the emergency response
organization
An example of management considerations for determining the emergency response
organization can be found in TABLE 7.
TABLE 7. EXAMPLE OF MANAGEMENT CONSIDERATIONS FOR DETERMINING
THE EMERGENCY RESPONSE ORGANIZATION (adapted from Ref. [29])
Factor

Considerations

Control of plant emergency

NPP emergency plans are essential to properly plan for unusual events including fires.
Coordination with local agencies, such as fire departments, are needed to address who
is responsible for the different aspects of an emergency to avoid conflicts of authority at
a stressful time.

Ongoing commitment

Periodic plant training, plant equipment surveillance/maintenance, and ongoing
interface with local fire department(s) personnel are essential.

Community relations

Communication with the community, such as the local fire department, about the unique
hazards at the NPP facility and what plans are in place in the event of a fire situation.
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Ongoing
management/administration

Administrative oversight is necessary for appropriate emergency response management.

6.2.3.4 Example of description of key sections of a comprehensive ERP
An example of description of key sections of a comprehensive ERP can be found in TABLE 8.
TABLE 8. EXAMPLE OF DESCRIPTION OF KEY SECTIONS OF A COMPREHENSIVE
ERP (adapted from Ref. [29])
Title

Description

Basic plan or executive
summary

This should include a listing of potential emergencies including assumptions, organization
structure, group responsibilities, emergency action levels, maintenance of the ERP and
distribution plans.

Prevention procedures

Based on industry experience and regulatory guidance the NPP should have procedures in
place to prevent fire hazards or ignition sources as much as possible. These would support
the ERP and could be referenced versus reproduced.

Preparedness procedures

These procedures should include how to prepare for any emergency, which includes a
discussion of training plans, drills and exercises planned, equipment acquisition options,
mutual aid agreement(s) with off-site fire department(s), community relations plans, annual
reviews/audits, and equipment testing needs, for example.

General response procedures

These procedures should provide details of the appropriate actions to be taken by the NPP
site personnel and organizations, equipment that could be used, and the operation/interface
of the site organizations.

Team procedures

These procedures should detail responsibilities and duties of each emergency response team
(ERT) member.

Hazard-specific procedures

These procedures should explain the actions necessary in response to a specific emergency,
such as credible incidents (fire, chemical spill, steam leaks, etc.) and natural disasters.

Recovery procedures

These procedures should explain the necessary actions for recovery from an emergency.
These should include incident investigation, employee support, community coordination,
critiques and decontamination operations.

Appendices

Useful reference materials including site maps, fire water system layout diagrams, critical
utility emergency shut off points, and names and contacts for service providers should be
included.

6.3

TRAINING AND DRILLS

6.3.1 Considerations for emergency responder training
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The nature of the processes and materials involved in an emergency situation;
The appropriate procedures for safely handling emergency scenarios;
The proper use and limitations of emergency response equipment;
The function of the incident command system and how to work within it;
Appropriate rescue procedures;
Procedures regarding blood-borne pathogens;
Respiratory protection procedures;
Decontamination procedures;
Personal protective equipment (PPE).

6.3.2 Facility and operations personnel





















Fire behaviour;
The phases of a fire;
How, when, where and what to report on emergencies;
How to use communication tools;
Evacuation procedures;
Shelter-in-place procedures;
How to use portable fire extinguishers;
Classes of fire (A, b, C and D);
Fire Control Equipment;
Techniques used to control fires and emergencies (fires, spills, leaks, etc.);
Alarm notification systems;
Special hazards that may be encountered;
Hazardous/toxic materials;
Radiation sources;
Electrical storage and location of flammable liquids and gases;
Storage of combustibles;
Hot work activities;
Control of ignition sources;
Housekeeping;
Emergency shutdown and isolation.

These training, drills and exercises are systematically organized and effectively implemented
by the operating organizations and the external organizations such as the regional fire
departments. Use of actual fire, mock-up facilities or smoke making equipment can contribute
to enhancing the effectiveness. Several good practices have been identified from member states
in Ref. [19].
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6.3.3 Incipient fire brigades (on-site)












Fire behavior;
The phases of a fire;
Use of portable fire extinguishers;
Classes of fire (A, B, C and D);
Fire control equipment;
Techniques used to control fires and emergencies (fires, spills, leaks);
Alarm notification systems;
Special hazards that may be encountered;
Hazardous/toxic materials;
Radiation sources;
Electrical storage and use of flammable liquids and gases.

6.3.4 Examples of on-site training
Examples of on-site training for on-site firefighting personnel can be found in TABLE 9.
TABLE 9. EXAMPLES OF ON-SITE TRAINING (Ref. [14])
Target

Training name

Training description

Frequency

Shift
personnel
(Management
personnel)

Field guiding training

- Conduct field layout training (dangerous material
facilities, access control centers, access control
rooms);
- Inform the locations of equipment for public fire
brigades.

Once a year
per shift

On-site fire
brigade

Field layout training
Firefighting equipment arrangement
training

- Conduct field layout training (on-site field
training, system training);
- Inform the locations of equipment for fire
brigades.

Once a year
per team

On-site fire
brigade

Radiation control training

- Conduct radiation control knowledge training
and radiation control skill training.

Once a year
per team

Personnel of
the plant
manager’s
office

Satellite telephone call exercise

- Conduct an exercise to call the competent fire
department using satellite phones.

Once a year

Shift
supervisor
Shift
managers

Notification exercise

- Conduct an exercise to call over the dedicated
firefighting line.

Five times a
year

Shift
supervisors
and
personnel
On-site fire
brigade
On-site
security
guards

Coordinated exercise with contract
fire brigade

- Conduct an exercise based on the firefighting
plan (Fire drills using smoke extraction systems);
- Conduct an exercise on initial firefighting,
notification, room access within the controlled
area anticipating a fire within the controlled area.

Five times a
year
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TABLE 9. EXAMPLES OF ON-SITE TRAINING (Ref. [14])
Target

Training name
equipment

Frequency

- Conduct an exercise to handle extinguishers,
fireplugs, and simplified fire suits.
(Actual fire shall be used for extinguisher handling
exercises).

Once a year
per shift

Shift
personnel
(Management
personnel)

Firefighting
exercise

On-site fire
brigade

External training

- Conduct an exercise using external organization
(and actual fire) (in cooperation with Maritime
force).

Once a year

Shift
supervisors
and
personnel
On-site fire
brigade
On-site
security
guards

Comprehensive firefighting exercise
(Firefighting model exercise)

- Conduct external notification (including
dedicated lines), initial firefighting, evacuation
and guiding, coordination with public fire
brigades, and more.

Once a year

On-site fire
brigade

Firefighting
exercise

- Conduct an exercise on the handling of outdoor
fireplugs, heatproof suits, respirators, portable
compact fire pumps, and fire trucks.

Once
month
team

- Conduct an exercise on the handling of chemical
solution makeup pumps and line proportioners.

Once per six
months per
team

- Conduct an exercise on the handling of
extinguishers and indoor fireplugs.

Once per six
months per
team

equipment

handling

Training description

handling

a
per
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7

CONCLUSION

The overall lessons learned from experience in NPP operation and recent fire protection risk
assessments indicate the potential for nuclear fuel damage and the resulting potential for offsite dose implications is higher than for other postulated plant events. Fires in NPPs pose a real
threat to nuclear safety and their significance extends beyond the scope of past conventional
fire hazard analyses. The point of this publication is to help explain the broad range of
experiences for a consistent example of what insights to address to better ensure DID practices
are consistently applied.
As described in chapters 1 and 2, the basic principles of fire protection and range of DID issues
are described. As noted in these chapters: (a) the need to compensate for potential human and
equipment failures must be addressed; (b) the need to provide margin for the design of the fire
barriers and their protection systems (suppression/detection) must also be addressed, so that
previously unexpected issues can be addressed by this bounding approach; and finally, (c) the
last stage of DID is to assure that should the previous defences be inadequate an alternative is
assured to minimize the potential for radiation exposure to the public. This may be assured via
redundant, or even a third option for post-fire safe shutdown systems being protected from the
worst-case fire considerations.
The various fire protection systems are discussed in chapter 3 to provide a consistent base for
consideration. The range includes passive, active, and inspection and maintenance for these
systems. Passive systems also range from separation distances, fire barriers, structural,
electrical, ventilation, lighting and communications needs. Active systems are needed to
quickly detect fire development, suppress fires in the early stages of development, and provide
manual suppression capabilities to ensure firefighting capabilities once fire brigade personnel
arrive. Inspection, testing, and maintenance for each of these fire protection systems is
described to address the functionality for each of these components.
A foundation is needed to reduce the likelihood for fires to occur and this is discussed in
chapter 4 through fire prevention activities. These include organizational and management
issues, fire prevention issues, and QA issues. The organizational and management section
covers the roles, responsibilities, fire safety management training, and performance as well as
assessment of these personnel activities. The physical aspects of fire prevention that are
discussed include controls on combustible materials, ignition sources, housekeeping practices,
plant modification controls, and efforts during fire protection systems maintenance and
impairments. Finally, the QA and audits for these fire prevention activities are addressed.
Plant analyses to predict the postulated fire damage consequences and ability to assure post-fire
safe shutdown are discussed in chapter 5 on fire risk analysis. This information provides plant
knowledge of where fires are more likely to occur. Postulated fire impact on structures, systems,
and components important to safety so that pre-fire planning can be established based on plant
specific information. Documents such as the FHA, post-fire safe shutdown procedures, and
plant modification packages can be more efficiently and consistently developed. Issues may be
identified where a fire is postulated to occur when other unrelated, or possibly related, events
occur including seismic and beyond design basis fire (BDBF) events.
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The need for pre-fire planning is covered in chapter 6 on emergency response activities. Both
an on-site fire brigade supported by off-site responders must be organized, maintained, and the
interface activities established. The potential damage from postulated fires in all areas of the
plant must be pre-planned and documented to assure more efficient response to actual events.
Finally, the general plant staff, on-site fire brigade, off-site responders, and operations
personnel must be trained and drilled to assure success during actual fire events.
Each of these areas provides lessons learned from past NPP experiences in the interest of
improving fire safety in both new and existing operating NPPs.
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APPENDIX I.
GENERAL EXAMPLE DATA FOR FIRE SUPPRESSION SYSTEMS
I.1.

ADVANTAGES
AGENTS [29]

AND

LIMITATIONS

OF

VARIOUS

EXTINGUISHING

The center for chemical process safety provided the information for TABLE 10 below in
Ref. [29].
TABLE 10. EXAMPLE OF ADVANTAGES AND LIMITATIONS OF VARIOUS
EXTINGUISHING AGENTS
Type
Extinguishment

Agent

Advantages

Limitation

Water

Cooling
Smothering
Dilution
Exposure

Available
Very low cost

Not for Class C electrical fires
Freezes at 320F (00C)
Reactive with some material, e.g., sodium,
magnesium
Cannot extinguish low flash point materials

Foam

Smothering

Best for Class B Pool Fires
(Two-dimensional fires)

Not for electrical fires
Foam blanket may break-up
Not applicable for LPG

CO2

Smothering
Reduction
Some cooling

Nonreactive
No residue
Class C

Reduces O2 level
Toxic to people (asphyxiant)
Not applicable for oxidizers

Dry Chemical

Chain breaking

Class B & C

Fire reflashes if not completely
extinguished or surfaces are present
(especially flammable/combustible liquids)

Clean Agent

Chain breaking
Inerting

Good for Class A, B, C

Not for outdoors
May produce toxic gases

I.2.

SELECTED EQUIPMENT WATER SPRAY APPLICATION RATES (API
2030) [30]

The American petroleum institute provided the information for TABLE 11 below in Ref. [30].
TABLE 11. EXAMPLE OF SELECTED EQUIPMENT WATER SPRAY APPLICATION
RATES
Item
Air-cooled fin-tube heat exchangers
Cable trays
Compressors
Exposure protection
Fired heaters
LPG loading racks
Motors

L∙m2/min
10.2
12.2
10.2
10.2
10.2
10.2
10.2
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Pipe racks
Pressurized storage tanks
Pumps
Electrical switchgear
Towers
Transformers
Turbines and related gear boxes
Vessels and heat exchanges

I.3.

10.2
10.2
8.1–20.4
10.2
10.2
10.2
10.2
10.2

SPRINKLER PROTECTION FOR MEDIUM TO SMALL PROCESSING
FACILITIES [31]

The factory mutual insurance company provided the information for TABLE 12 below in
Ref. [31].
TABLE 12. EXAMPLE OF SPRINKLER PROTECTION FOR MEDIUM TO SMALL
PROCESSING FACILITIES
Flash Point

Heated
To/Above
Flash Point

Room or
Equipment
Explosion
Hazard

Sprinkler
Density
(L∙m2/min)

Sprinkler
Temp.
Rating
0F (0C)
286

Any liquid presenting explosion hazard

12

(141)
165
(74)
286

1000F

<
(380C)

Does Not
Apply

No

12

(141)
165
(74)
286

Yes
100–

No

12

(141)
165
(74)

2000F

(38–930C)

286

Yes

No

10

(141)
165
(74)
286

Yes

No

10

(141)
165
(74)

2000F

>
(930C)

286

Yes

No

8

(141)
165
(74)
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Area of
Demand m2

Manual
Hose
Streams
L∙m2

Duration
min

3 800

120

1 900

60

560
740
370
560
370
560
370
560
370
560
280
370

I.4.

SPRINKLER COLOUR CODING AND TEMPERATURE RATING [29]

The center for chemical process safety provided the information for TABLE 13 below in
Ref. [29].
TABLE 13. EXAMPLE OF SPRINKLER COLOUR CODING AND TEMPERATURE
RATING
Rating

Maximum
temperature at
sprinkler level 0F
(0C)

Rated temperature of
sprinkler 0F (0C)

Frame color

Glass bulb colour

Ordinary

100 (38)

135–170 (57–77)

Uncolored

Orange/Red

Intermediate

150 (66)

175–225 (79–107)

White

Yellow/Green

High

225 (107)

250–300 (121–149)

Blue

Blue

Extra high

300 (149)

325–375 (163–191)

Red

Purple

Very extra high

375 (191)

400–475 (204–246)

Green

Black

Ultra-high

475 (246)

500–575 (260–302)

Orange

Black

I.5.

WATER SPRAY AND
PROTECTION [32]

FIREPROOFING

FOR

STRUCTURAL

STEEL

The U.S. national fire protection association provided the information for TABLE 14 below in
Ref. [32].
TABLE 14. EXAMPLE OF WATER SPRAY AND FIREPROOFING FOR STRUCTURAL
STEEL PROTECTION
Type protection

Water spray only

Vertical structural
steelwork

10.2 L∙m2/min
of wetted surface

Horizontal structural
steelwork

Comments

4.1 L∙m2/min
Of wetted surface

This
provides
active
protection that depends on
fire detection to actuate
enough water spray to the
structural
member
for
protection.

Fire-resistive insulating
material only

2 to 3–hour rated
fireproofing

2 to 3–hour rated fireproofing

This
provides
passive
protection,
but
unseen
corrosion
beneath
the
material
should
be
considered.

Combination
water spray with fireresistive insulating
material

1 to 1 1/2–hour rated
fireproofing plus water
spray (as above)

1 to 1 1/2–hour rated
fireproofing plus water spray
(as above)

This provides both active and
passive protection should the
water spray fail.
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APPENDIX II.
EXAMPLE OF FIRE PREPLANS
II.1. FIRE PREPLAN EXAMPLE FOR ROOM LAYOUT INFORMATION
FIG. 10 below presents a fire preplan example for room layout information. Many other pieces
of information can be added to such a fire preplan such as exits, fire lockers, fire alarm panel,
etc…

FIG. 10. Fire preplan example room layout
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II.2. FIRE PREPLAN EXAMPLE FOR ROOM DETAILED INFORMATION
FIG. 11 below presents a fire preplan example for room detailed information.

FIG. 11. Fire preplan example room detailed information
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APPENDIX III.
EXAMPLE PROCESS OF FIRE SAFE SHUTDOWN
III.1.

DETERMINISTIC SAFE SHUTDOWN ANALYSIS

III.1.1. Methodology overview
The nuclear energy institute provided the information for FIG. 12 below in Ref. [18].

FIG. 12. Deterministic methodology overview (adapted from Ref. [18])
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III.1.2. Safe shutdown functions
The nuclear energy institute provided the information for FIG. 13 below in Ref. [18].

FIG. 13. Safe shutdown system selection and path development (adapted from Ref. [18])
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III.1.3. Safe shutdown equipment selection
The nuclear energy institute provided the information for FIG. 14 below in Ref. [18].

FIG. 14. Safe shutdown equipment selection (adapted from Ref. [18])
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III.1.4. Safe shutdown cable selection
The nuclear energy institute provided the information for FIG. 15 below in Ref. [18].

FIG. 15. Safe shutdown cable selection (adapted from Ref. [18])
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III.2.

FIRE AREA ANALYSIS – ASSESSMENT FLOWCHART

The nuclear energy institute provided the information for FIG. 16 below in Ref. [18].

FIG. 16. Fire area assessment flowchart (adapted from Ref. [18])
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APPENDIX IV.
FIRE HAZARD REPORT ANALYSIS FORMAT
Below is a generic example of the type information generally provided in an FHA.
COMPARTMENT NUMBER
I.

COMPARTMENT NAME

AREA BOUNDARY DESCRIPTION

CONFIGURATION
VOLUME
L:

FLOOR AREA
W:

H:

FIRE RESISTANCE RATING
North

South

East

West

Floor

Ceiling

PENETRATION SUMMARY
HVAC
Electrical
Mechanical
Architectural
II.

MAJOR EQUIPMENT

III. EQUIPMENT CONTAINING RADIOACTIVE MATERIALS

IV. COMBUSTIBLES AND FIRE LOADING
IN-SITU COMBUSTIBLES
Items (Quantity)

TRANSIENT COMBUSTIBLES
Heat Load

Items (Quantity)

-

-

-

-

Heat Load
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Floor Area

Total Heat Load

Fire Load

Fire Severity

V.

FIRE PROTECTION MEASURES

Detection system

Suppression system

Drains/Curbs

Hose Stations

Portable Fire Extinguishers

Smoke Removal Provision

DESIGN BASIS FIRE

VI. INADVERTENT ACTUATION EFFECT OF SUPPRESSION SYSTEM

REMARKS:
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GLOSSARY
closure. Includes a device or assembly for closing an opening through a fire separation or an exterior wall, such
as a door, a shutter, a fire damper, wired glass or glass block, and includes all components such as
hardware, closing devices, frames and anchors. (2010 NBC)
combustible liquid. A liquid that has a closed-cup flash point at or above 37.8°C. (NFPA 804)
combustible material. A material in solid, liquid or gaseous state capable of igniting, burning, supporting
combustion or releasing flammable vapour when subject to specific conditions such as fire or heat.
(IAEA NS-G-2.1)
fire. A process of combustion characterized by heat emission and accompanied by smoke or flame, or both. (IAEA
Safety Series 50-SG-D2)
fire barrier. Wall, floor, ceiling or device for closing a passage such as a door, a hatch, a penetration or a
ventilation system to limit the consequences of a fire. A fire barrier is characterized by a fire
resistance rating. (IAEA NS-G-2.1)
fire brigade. An organized group of employees at a facility who are knowledgeable, trained and skilled in at least
basic firefighting operations, and whose full-time occupation may or may not be the provision of
fire suppression and related activities for their employer. (NFPA 600)
fire compartment. A building or part of a building comprising one or more rooms or spaces, constructed to
prevent the spread of the fire to or from the remainder of the building for a given period of time. A
fire compartment is completely surrounded by a fire barrier. (IAEA NS-G-2.1)
fire damper. A device designed to prevent by automatic operation the passage of fire through a duct under given
conditions. (IAEA NS-G-2.1)
fire hazards. Condition that involve the necessary elements to initiate and support combustion, including in situ
or transient combustible materials, ignition sources (e.g., heat, sparks, open flames), and an oxygen
environment. (RG 1.189)
fire load. The sum of the calorific energies calculated to be released by the complete combustion of all the
combustible materials in a space, including the facings of the walls, partitions, floors and ceiling.
(IAEA NS-G-2.1)
fire protection rating. The time in minutes or hours that a closure will withstand the passage of flame when
exposed to fire under specified conditions of test and performance criteria. (2010 NBC)
fire resistance. The ability of an element of a building construction, component or structure to perform, for a
stated period of time, the required loadbearing function, integrity and/or thermal insulation, and/or
other expected function specified in a standard fire resistance test. (IAEA NS-G-2.1)
fire retardant. The quality of a substance of suppressing, reducing or delaying markedly the combustion of certain
materials. (IAEA NS-G-2.1)
fire safe shutdown. Actions, components, capabilities, and design features necessary to achieve and maintain safe
shutdown of the reactor after a fire in a specific fire area. (NFPA 804)
fire stop. The physical barrier designed to restrict the spread of fire in cavities within and between building
construction elements. (IAEA NS-G-2.1)
fire watch. One or more persons responsible for providing additional (e.g. during hot work) or compensatory (e.g.
for system impairments) coverage of plant activities or areas for the purpose of detecting fires or
identifying activities and conditions that present a potential fire hazard. These people should be
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trained in identifying conditions or activities that present potential fire hazards, as well as in the use
of firefighting equipment and the proper fire notification procedures. (IAEA NS-G-2.1)
flammable liquid. A liquid that has a closed-cup flash point that is below 37.8°C and a maximum vapour pressure
of 40 psia at 37.8°C. (NFPA 804)
hot work. Work having the potential for causing fire, particularly work involving the use of open flames, soldering,
welding, flame cutting, grinding or disk cutting. (IAEA NS-G-2.1)
ignition source. An applied (external) source of heat which is used to ignite combustible materials (IAEA NS-G2.1)
impairment. The degradation of a fire protection system or features that adversely affects the ability of the system
or feature to perform its intended function. (RG 1.189)
non-combustible. A material meets the acceptance criteria of CAN/ULC-S114, “Test for Determination of NonCombustibility in Building Materials.” (2010 NBC)
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ABBREVIATIONS
AHJ

authority having jurisdiction

BDBA

beyond design basis accident

BDBF

beyond design basis fire

CCR

combustible control requirements

DBE

design basis earthquake

DID

defence in depth

ECS

études complémentaires de sûreté (complementary nuclear safety studies)

EDF

électricité de France

EME

emergency mitigation equipment

EPRI

electric power research institute

FARN

force d’action rapide du nucléaire (national nuclear rapid intervention force)

FHA

fire hazard analysis

FPE

fire protection engineer

FPO

fire prevention officer

FPP

fire protection programme

FPPE

fire protection programme engineer

FPSRE

fire protection system responsible engineer

FRNA

fire response needs analysis

FSI

fire service instructor

FSAR

final safety analysis report

FSSA

fire safety shutdown analysis

FTO

fire technical officer

HSC

hardened safety core

HEPA

high efficiency particulate air

HEAF

High energy arcing fault

HVAC

heating, ventilation and air conditioning

IC

incident commander

IFB

industrial fire brigade

INSAG

international nuclear safety group

IPEEE

individual plant examination of external events

ITM

inspection, testing and maintenance

MSDS

material safety data sheet

MSO

multiple spurious operations

NFPA

national fire protection association

NPP

nuclear power plant

NRC

nuclear regulatory commission

PSA

probabilistic safety assessment

PVC

poly vinyl chloride

QA

quality assurance
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QA/QC

quality assurance/quality control

SAT

systematic approach to training

SATM

space allocation and transient material

SFPE

society of fire protection engineers

SOER

significant operating experience report

SOP

standard operating procedures

SPOC

single point of contact

SSC

structures, systems and components

SSD

safe shutdown

TNA

training needs analysis

UV

ultraviolet

WANO

world association of nuclear operators
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