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Abstract

The methodology used in conducting fire hazard assessments at Magnox Reactor power
stations operated by Magnox Electric pic is described. The assessments use a deterministic approach.
This includes the identification of essential plant and the associated supporting systems required for the
safe trip, shutdown and post-trip cooling of the reactor, assessment of the location of the essential plant
and the vulnerability of these plant in the presence of a fire, assessment of essential functions against the
effects of a fire and identification of improvements to the fire protection arrangements. Practical aspects
of fire protection engineering on operating power stations are discussed and examples of improvements
in protection described.

1. INTRODUCTION

The Magnox Reactors were designed and constructed between 1950s and early 1970s. They are
fuelled with natural uranium in a graphite-moderated core and cooled by circulation of
pressurised carbon dioxide gas. There are a total of nine Magnox Reactor power stations in the
U.K. six of which are in operation and three being decommissioned. Four of the six operating
stations use steel pressure vessels and two use pre-stressed concrete pressure vessels.

During its assessment of Long Term Safety Reviews (LTSRs), HM Nuclear Installations
Inspectorate (Nil) identified fire hazard as one of the twelve Generic Issues which they wished
to be addressed for all the Magnox stations, with a view to obtaining improvements to safety:

"Consider whether any improvements to fire zoning and equipment are available and confirm
the extent to which the installed system complies with modern standards".

In order to ensure the adoption of a common and systematic approach to identification of fire
hazards and improvements to fire protection arrangements, a company strategy on fire safety
issues was developed which formed the basis for fire hazard assessments of all the Magnox
power stations.

2. MODERN STANDARDS

The principles followed in the design of a modern nuclear power station are given in [1]. The
purpose of these principles is to ensure that adequate reactor protection, instrumentation and
essential systems will always be available in the event of a fault such as a fire. In the 1980s, the
CEGB, Magnox Electric's predecessor, produced specific safety guidelines for the design of its
newer power stations [2, 3]. These included the need to provide fire detection and suppression
systems of appropriate capacity and to avoid or reduce combustible materials at its nuclear
power stations wherever possible. Benefits were also claimed from the use of physical fire
barriers which divided a power station into several fire zones. Fire protection provided in the
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latest nuclear power stations in the U.K. were based on extensive segregation of essential plant,
limitation of the amount of combustible material contained within each segregated area, backed-
up by detection and suppression systems. The guidelines on fire protection in nuclear power
plants were also issued by the IAEA [4].

In summary, the modern standard for fire protection is based on the elimination or reduction of
combustible materials, the establishment of fire zones using appropriate fire barriers to
segregate the redundant essential plant, the provision of adequate fire detection and suppression
systems and implementation of a sound management system to ensure that a high standard of
fire safety is maintained.

3. FIRE PROTECTION PHILOSOPHY

The safety principle for the review of fire protection at Magnox power stations is that:

"for any fire in a given location, sufficient plant should be available to ensure safe trip,
shutdown and post-trip cooling of the reactor".

The philosophy of the fire protection to maintain this safety principle is that of defence in depth.
This includes the following objectives:

1) Prevention of fires starting. Plant operation and all modification work should be carried
out to minimise the probability of fires starting. This should include minimisation of
combustible materials in the vicinity of plant and good housekeeping.

2) Early detection and suppression of fires. Early detection would minimise the use of
suppression systems and therefore lead to reduced plant damage. To achieve this,
adequate and appropriate provision of fire detection and suppression systems is required.

3) Prevention of fires spreading. This is achieved by using appropriate passive fire
protection such as fire barriers and dampers. The spread of a fire can also be minimised
if fire resistant materials are used wherever possible.

4) Provision of effective fire fighting teams. This is essential if automatic fire suppression
systems fail to extinguish the fire.

It is importanr. that confidence can be demonstrated in the ability of fire detection and
suppression systems to meet the demands likely to be made upon them.

During the LTSRs, this was done by assessing the vulnerability of the systems to single random
failures which may be overcome by installing redundant or diverse detectors.

Diverse power supplies were provided for the detection systems such as dedicated batteries or
the station-guaranteed electrical supplies. The new detection systems are normally analogue
addressable systems capable of functioning even with a break in the detection loop from the
control box. These precautions provide assurance that fires will be detected.
The appropriate British Standards were used as the basis of the modern standards. They
covered both active and passive protection systems. The differences between the original and
current standards were assessed against nuclear safety. Where shortfalls were found,
improvements were undertaken. The aim of the improvements were to achieve fitness for
purpose.
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4. FIRE SAFETY ASSESSMENT STRATEGY AND CRITERIA

The fire safety assessments were focused on plant and equipment that was essential to achieve
nuclear safety. They were not concerned with means of escape or personnel safety in the event
of fire, which was covered by the station fire certificates. The assessments also made no
reference to the commercial risk of fire.

The following strategy is used in the fire safety assessment.

1) Identification of plant required for the safe trip, shutdown and post-trip cooling of the
reactor. This would include the plant that was essential for nuclear safety, their support
services (e.g. essential electrical supplies) and the plant that was desirable, in the sense
that its availability would assist in maintaining nuclear safety.

2) Identification of the locations of essential plant and support services. This would
identify fire barriers and define fire zones to be assessed.

3) Assessment of the adequacy of fire protection of fire zones, containing essential plant
and supporting services against assessment criteria (see below).

4) Identification of improvements required to satisfy the safety principle given in section 3.

The criteria for fire protection assessment of mutually redundant plant are:

a) Segregated by fire barriers of 3 hr rating, or

b) Separated by 6 metres horizontally with no intervening combustibles and the fire zone
should have an automatic detection and suppression system, or

c) Separated by fire barriers of 1 hr rating and the fire zone should have an automatic
detection and suppression system, or

d) Protected by two diverse methods of fire detection and a fast acting fire suppression
system, or

If the above are not met, a fire hazard analysis is required to justify the existing arrangements
against safety principle and, if necessary, propose improvements to either fire protection or the
plant.

The process involved a systematic approach with each plant area and essential function assessed
in turn. This allowed decision to be made without an extremely detailed study of fire growth.

5. FIRE ASSESSMENT DURING THE LTSR

A detailed assessment of fire hazards was carried out for each Magnox station during the LTSR.
The assessment was based on the strategy outlined above.

5.1 Cable Races and Risers

Although the Magnox stations were designed with some segregation of essential plant, some
areas for improvement were identified. A common problem was the lack of segregation
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between essential electrical cabling. This implied that a fire in a cable tunnel would disable all
the essential plant (it should be noted that even in such an event a robust safety case can be
made for all stations based on natural circulation of the core and forced cooling of the boilers by
the tertiary feed system). It was judged that the separation and re-routing of cables through
dedicated fire resistant tunnels would entail major plant modification and was not practicable.
As a result, greater emphasis in the fire hazard safety case was placed on the detection and
suppression systems. Based on criterion 4 (see section 4), fast acting sprinkler protection was
provided in the essential cable routes. Linear Heat Detection Cable (LHDC) systems were used
to provide early fire detection and were interfaced with pyrotechnic devices which would be
activated to break the frangible bulbs on sprinkler heads to initiate water spray. The frangible
bulbs in the sprinkler system would operate in the normal manner and act as diverse fire
detection. At some stations, smoke detectors were also installed in cable routes as another
diverse line of fire detection and were interfaced with fire alarms only.

5.2 Essential Diesel Generators

At some Magnox stations, all the essential diesel generators were housed within the same
building and segregation between these diesel engines was not provided. Fire initiated from one
diesel generator would be likely to spread to the other generators due to the storage of diesel
fuel in such buildings. Improvements were made by:

i) Installing fire resistant fire barriers between diesel engines,
ii) Relocating some diesel engines to a separated area of the site.

For example, the diesel generator house at one power station originally contained five generator
sets without segregation. Following the LTSR, diesel sets 2 and 4 were moved to a different
location and segregated by a fire barrier. Within the original diesel house, a Durasteel fire
barrier was erected between diesel sets 1 and 3 and another between sets 3 and 5.

5.3 Fire Detection

In order to achieve modern standards, extensive survey and assessments were carried out for
each Magnox station to identify the need to extend fire detection in the areas where essential
plant were located. This was to comply with the criteria outlined in Section 4.

In most cases this was achieved by installing additional smoke detectors to the existing systems.
Where fire protection systems did exist, new systems were installed. Additional protection was
also provided to suit the need of a particular area. This included heat detectors, flame detectors,
etc.

5.4 Passive Protection

During the survey of the Magnox stations, defects in passive fire protection were identified. A
significant amount of work was carried out to improve passive protection. This included
installation of fire barriers in the areas where such improvement would result in significant
safety benefits, for example, segregation of particular cables within the cable routes. Where
complete segregation was not practical, fire screens were installed to protect equipment from
radiant heat of a fire of its neighbour.

Fire doors of at least three hour rating were installed to protect redundant plant. All the
penetrations were sealed using sealant of the same fire resistance as the walls themselves.
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5.5 Control of Improvements

Improvements in fire protection were implemented in accordance with Magnox Electric's plant
modification procedures. Proposals for modifications were presented in written submissions
which took into account both the nuclear safety implications of the modification and
consequences of improper design and installation. Submissions were categorised based upon
their nuclear safety significance and were subject to internal independent assessment. The
submissions could be called for further assessment by the British Nuclear Regulator NIL
Practical work on site was covered by formal quality assurance programmes described in details
in Method Statements and controlled by Permits for Work issued by the stations. These
measures were designed to ensure that the work could be carried out safely without endangering
either plant equipment or the personnel involved.

6. PROBLEMS ENCOUNTERED AFTER IMPROVEMENTS

Teething problems are often inevitable for major modification projects. Improvements to fire
protection were no exception. This was largely due to the scale and complexity of the work.
Most problems encountered after the improvements were minor and were resolved with relative
ease. There were occasions when more investigations were required in order to solve the
problems.

One of the problems encountered following the backfitting work was spurious operation of the
LHDC system. At one station, such spurious operation led to activation of sprinklers.

During the investigation of the problems, it was discovered that the LHDC system picked up
noise signals from external sources. The likely routes for picking up such noise signals were the
cabling and LHDC local units. The following modifications to the LHDC system were carried
out:

i) The existing multi-point earthing arrangement was replaced with a single-point earth to
minimise the noise signals generated in the cabling by the difference in electrical
potentials at different earth points,

ii) Filters on the inputs to the LHDC local units were improved to minimise the noise
signals generated in the local units by the interfacing components,

iii) The existing time delay cards in the LHDC local units were replaced to increase the time
delay in order to eliminate the effect of noise signals with durations less than this
increased time delay.

Since the modification, the LHDC system has operated satisfactorily and no further spurious
operation has been recorded.

7. FUTURE WORK

A large investment has been made by Magnox Electric in improved fire protection hardware
since the LTSR. Over ,10 M has been spent during the process of upgrading fire protection at
Magnox stations and the work is now largely complete. Commitment to the achievement of fire
safety is ongoing as Magnox Electric is committed to comprehensive review of fire safety, as
well as other safety issues, on a regular basis throughout the rest of the operating life of its
power stations.
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During the forthcoming Periodic Safety Reviews of the operating Magnox stations, fire safety
will again be reviewed to ensure that all the stations are protected against fire hazards and all
fire protection systems are fit for purpose.
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