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1. INTRODUCTION

Experience of the past two decades of nuclear power plant operation and results
obtained from modern analytical techniques confirm that fires may be a real threat to nuclear
safety and should receive adequate attention from the design phase troughout the life of the
plant. Fire events, in particular, influence significanty plant safety due to the fact that fires
have the potential to simultaneously damage components of redundant safety-related
equipment. Hence, the importance of fire protection for the overall safety of a nuclear power
plant has to be reflected by the fire safety regulations and to be checked during the licensing
process of a plant as well as during the continuous supervision of the operating plant.

However, in early designs of nuclear power plants fire events were not identified
according to its actual risk for nuclear safety. Regular industrial standards for fire protection
installations were adopted and only somewhat altered to ensure that radiological release was
kept within the plant.

The fire at the Browns-Ferry nuclear power plant in 1975 and the development of the
general defence-in-depth concept for nuclear power plants have resulted in an improved fire
protection strategy which can be achieved by a combination of:

• an adequate design,
• a safety culture, which promotes a proper attitude and ensures continued personnel

awareness of potential hazards from fire,
• effective fire prevention and fire protection measures,
• an appropriate level of quality assurance, and
• emergency plans and procedures.

To ensure an adequate fire safety level for all operating plants, the defence-in-depth
concept covers the following principal objectives:

• preventing fires from starting,
• detecting fires anywhere in the plant promptly and extinguishing quickly those fires

which do start, thus limiting the damage,
• preventing the spread of those fires which have not been extinguished, thus avoiding

any common cause failure mode and minimizing their effect on plant safety systems,
and

• designing safety systems in such a way that even if a fire spreads within a plant area,
the fire will not interfer with the performance of essential plant functions.
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In order to protect the health and safety of the public from the potential consequences
which a fire may have on reactor safety, each of these principles should meet certain
minimum requirements prescribed in regulations or in the license. Strengthening one of these
areas may compensate in some measure for weaknesses, known and unknown, in the other
areas.

Hence, this new approach is also reflected in more current regulations and in licenses of
nuclear power plants of the last generation; however, there was also a need for methods to
determine the adequacy of the fire protection programme in plants built to earlier standards
and to regulate backfitting measures to enhance the fire safety protection.

Moreover, the knowledge in fire science has increased considerably over the last two
decades. Better methods for measuring and analysis have made it possible to look into the
basic physics and chemistry of combustion. Modelling of fires has been improved by fluid
dynamic science, especially turbulence modelling, and by computer development. This is also
a reason of today's trend in some countries to introduce performance-based regulations to
replace prescriptive ones.

2. FIRE SAFETY REGULATIONS AND LICENSING

Even in the early years of the design and operation of nuclear power plants, design and
regulations have always considered fire safety to some extent. However, nuclear specific
requirements and standards related to fire protection were not fully developed.

Nuclear power plants had to meet applicable building codes and standards - the same
which were used for other types of industrial facilities and even for office complexes. These
non-nuclear regulations contain national and international industrial standards, laws and
ordinances for building constructions as well as for fire brigade management and equipment,
and ordinances regarding the work place safety. In addition, usually general design criteria
and/or safety criteria had described general requirements for fire prevention, detection and
response. International guidance is, e. g., provided in [1].

For example in Germany, fire safety is addressed in the safety criterion 2.7 ,,Fire and
Explosion Protection", of the Safety Criteria for Nuclear Power Plants (1977) and the Incident
Guidelines of 1982 requiring that protective measures against fires shall be taken by means of
plant engineering. The specifications of these precautions were intended to be outlined in four
nuclear safety standards describing and prescribing the basic principles, fire safety measures
for structural components, fire safety measures for mechanical and electrical components and
rescue routes in nuclear power plants. However, only the standard on basic principles has been
published. The status of these standards, the benefits and problems with very detailed
standards are explained in [2].

Experience shows that very detailed regulations, focused on a specific plant type, are
only reasonable if a series of the same plant type is constructed. Otherwise, there appears
always the problem how to apply these standards to nuclear power plants built to earlier
standards.
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These insights advocate that countries establishing or reorganising fire protection
regulations should share the experience gained by other regulators.

In [3], general fire protection guidelines for Egyptian nuclear installations are described.
Again, the requirements given shall only be applied to new nuclear facilities whereas fire
protection modifications of operating plants are considered case by case. This ensures an
adequate planning of fire protection measures as an integral part of the design phase and
throughout the life of the plant.

Also in the Russian Federation, a revision of the regulatory nuclear framework
including fire protection for nuclear power plants has been performed recently and is further
developed in 1998 to require a fire safety analysis as part of the operational licensing
documents. The fire safety aspects are supervised by the surveillance anthority in close
cooperation with a central national fire protection institute which is in the portfolio of the
Ministry of the Interior [4].

An important discussion on a fundamental change in fire protection regulations to date
has started in the US by proposing a performance-based approach to fire safety and thus
making decisions on the basis of fire risk assessments. The regulator's position and the point
of view of the utilities are presented in [5] and [6] showing the benefits and problems
connected with this new approach. Due to the intended increasing flexibility for the utilities
the industry position to maintain the existing regulations and to believe that new rulemaking
is not required is an unexpected perspective which is outlined in more detail in [6].

3. KEY ISSUES

Based on past experience, the following key issues for fire protection regulations can be
identified:

• laws and ordinances have to define safety goals, general requirements and ways to
prove that these goals and requirements are fulfilled,

• standards have to provide the technical basis to achieve an adequate fire safety level,
and these standards change with time due to an increase of scientific knowledge and
operational experience,

• very detailed and prescriptive standards are helpful in the licensing process because
their application simplifies the discussion with the authorities and expert groups and
supports possible court decisions regarding the necessary fire safety level of a plant,

• all regulations and standards have their limits; when using them, understanding of
their background and context is sometimes of great importance and not a
sophisticated interpretation and fulfillment word by word,

• if very detailed fire protection requirements, e. g., on the equipment are prescribed,
also the necessary procedures to check the fulfillment should be determined, i. e.
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which fire qualification tests are necessary and in which cases qualification by
computer codes are sufficient; this is important to make sure that the testing
procedure is representative for the application where the system is to be used and that
only verified computer codes are applied,

• regulations should not only cover design and construction aspects important in the
licensing process but also provide a reasonable procedure for continuous supervision
and regular review of the fire safety level of nuclear power plants built to earlier
standards on the basis of current standards because a direct application of current
standards to older plants is not always suitable,

• modern regulation should take into account the use of probabilistic methods as a
supplementary tool to deterministic methods, in particular for evaluating the fire
safety level of plants in operation.

4. CONCLUDING REMARKS

Due to the fact that fires are complex phenomena resulting not only from ignition and
combustion processes, but also from its impact on safety - related equipment und from the
necessary appropriate response of the operators, fires have still to be considered also in
modern plants; however, main emphasis remains on nuclear power plants built to earlier
standards, in order to ensure the adequate level of fire safety.

In consequence, regulatory anthorities have developed requirements to establish levels
of fire safety which must be provided in nuclear power plants. Some of these guidance
documents are broad, more performance-based regulations while others are more prescriptive
and offer only few choices for the designer, the operators and also the authorities and their
experts.

The trend of the US Nuclear Regulatory Commission to change from prescriptive
egulations to a risk-informed, performance-based regulation not only in the field of fire
protection will be carefully observed and analysed by the European regulators but not
followed in the near future. Practical experience will show if this new approach will fulfill the
expectations to further improve the fire safety level in a most efficient and cost-effective
manner, both for the regulators and the utilities.
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