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ACTION TAKEN BY THE FRENCH SAFETY AUTHORITIES FOR FIRE 

PROTECTION AND FIRE FIGHTING IN BASIC NUCLEAR PLANTS 

ABSTRACT 

Basic nuclear plants must be protected against the effects of fire, 
by taking appropriate measures to protect personnel and the 
environment from risks and, especially, the radioactive risks involved 
in their installation. So, first of ail at the design stage, then during the 
construction stage and later during the operation stage, measures 
must be taken to forestall the risks associated with the outbreak of fire 
and to ensure that the consequence of any fire remain limited. Rules 
applicable to fire protection have been defined to be used in the 
design of the installations: for example, a document called RCC-I 
(Rules for Fire Protection in Pressurized Water Reactor Nuclear Power 
Stations) for PWR plants, and a basic safety rule (rule No. 1.4.a-series 
'U') for fuel cycle plants. At the design and construction stage the 
prevention of fire risk is based on zoning arrangements and 
installation of detection and intervention systems, (n particular, it must 
be ensured that any fire which breaks out is restricted to a limited area. 
The safety authorities therefore analyse studies on vulnerability to fire 
in order to ensure that the constructional measures planned 
correspond to the design criteria already defined. This analysis shall 
place particular stress on examination of the elements (combustible 
materials, oxidizer, additional energy input) which, when associated, 
are likely to start a fire. The operator makes this analysis for each part 
of the installation which may be affected by a fire. The fire risks arising 
from combustible materials used in fuel cycle installations (i.e. metal-
magnesium, zirconium, uranium-fuel fabrication workshops, solvent 
cells, bituminized waste production and storage facilities) shall be 
dealt with, using a deterministic method when considering the fire load 
and potential radioactive products involved. Once the nuclear 
installation is in operation, the French safety authorities have two 
separate means of discovering any faults in the system of fire 
protection and detection. Firstly, analysis of the causes and actual and 
potential consequences of a certain number of minor fires occurring in 
the installations has indicated the weakness of certain parts of the 
protection; secondly, inspections carried out in the installations 
themselves, in view of the complexity of the facilities, bring to light any 
failures in terms of zoning or availability of the detection and 
intervention systems. On account of the standardization of the French 
PWRs, the discovery of an anomaly in one unit leads to corresponding 
modification of all the PWR units concerned. The efficacy and rapidity 
of the interventions in the event of fire are an essential complement to 



the protective measures. For example, each nuclear power plant 
draws up a number of fire action sheets which define, for each facuty 
or fire zone, and for each staff category, the existing means of 
detection and intervention and the types of action to be carried out in 
order to limit the fire anc its consequences on the equipment. Where 
fire risk is likely to be increased t r occasional work or operations (fire 
load, heat source, flame, etc.), special instructions ('hot work permit') 
shall indicate the compensator/ measures to be taken, if necessary, in 
order to reduce the risk to ar. acceptable level. Regarding fire 
protection, any error, either at t: e design stage or during construction 
or operation of the instal.'ction, can lead to serious repercussions on 
nuclear installation safety Fire protection thus depends essentially on 
the quality of design, construction and operation. The Central Serv.ce 
for the Safety of Nucfea Inequations therefore takes measures to 
ensure that this quality is maintained at a satisfactory level throughout 
the lifetime of the installer,. This quality depends particularly on 
attention to vigilance and en required training activities when the 
nuclear installation is or. op&aticn. 

1. INTRODUCTION 

The special nature of nuclear installations is justification for the 
authorities taking a pr*, r. 'ar interest in them, imposing special 
constraints and exercising .gorous control. It is important to bear in 
mind the manner in vh; i roies are divided between the French 
government and the op."' ̂ ors of the French nuclear installations who 
are responsible forthe.r. afety: 

(1 ) It is for the govern.-?!. -m ?utnc.i*ies to determine the safety goals in 
the form of techn' \ • j!es b.-.d to supplement the arrangements 
proposed by the o.* -«tors with requirements as found necessary, 

(2) It is for the opr- •• c' an installation to determine the various 
technical arran^r iw-.tc intended to ensure safety for approval by 
the government a'un.vities. 

The action of h& government authorities is via three main 
complementary char 9ir : 

(a) A system for : •li--k ual authorization and monitoring of each 
installation, 

(b) Surveillance of the -istallations by an inspection process. 

(c) The drawing up a-d application of technical rules of a general 
nature concerning ;afety. 



The safety goal for nuclear installations is to prevent the dispersal 
of radioactive substances, both in the work area and outside the 
buildings into the environment. It is therefore at the design stage, then 
during cons* jction and subsequent operation that it is necessary to 
take preventive measures against the outbreak of fire, and to take 
precautions to ensure that the consequences will always be limited. 

The paper describes the arrangements made by the French 
safety authorities to provide protection against fire in both nuclear 
plants and nuclear fuel cycle installations at all these stages. 

2. PROTECTION AGAINST FIRE IN NUCLEAR PLANTS 

2.1 Fire protection concept 

The safety of nuclear plants is essentially based on the system 
redundancy concept, and fire is a particularly serious hazard as it is 
liable to give rise to a common mode effect simultaneously involving 
both trains of a safety related system. The electrical cables and 
associated equipment which constitute, due to their importance in the 
operation of the nuclear units, one of the nost sensitive areas to be 
protected against the effects of fire. Furthermore, they themselves 
have calorific potential. 

As a general rule, as concerns the French PWR plants, a 
document prepared by Electricité de France and approved by the 
safety experts of the government, called RCC-I — Rules for Fire 
Protection in Pressurized Water Reactor Nuclear Power Stations — 
lays down rules, codes and standards to be adopted in designing this 
type of installation. Owing to the standardization of the French nuclear 
power facilities, this document can be applied to all planned PWR 
nuclear power plants, or constitute a basis for the improvement of the 
units already designed. 

2.2 Prevention 

At the design and construction stage, countering the fire hazard is 
essentially based on zoning arrangements, backed up by the 
installation of detection systems and the establishment of emergency 
action resources. Naturally, an attempt is first made to minimize the 
quantities of combustible materials. 

In particular, it is necessary to ensure that any fire will remain 
contained within a limited zone and, whatever the circumstances, will 
not simultaneously affect the two redundant trains of a safety related 
system of the unit. 



Consequently, hazard areas called fire zones are established. 
Any fire breaking out there cannot propagate outside the zone and 
vice versa, independently of the action taken to contain it. This 
assumes that the compartmentalization is perfect. 

Thus, the doors must play their thermal insulation role and be 
capable of withstanding the effect of fire, it must be possible to isolate 
the ventilation systems of the rooms by fire dampers in the event of fire, 
and all the cable and pipe penetrations must have been plugged to 
reconstitute the integrity of the barrier. 

Also, from the design stage, separation of trains must be effective, 
which necessitates only one channel of a safety related system 
passing through a given fire zone. 

In the case where there is a risk of the dispersal radioactive 
aerosols in a fire zone, the protection sections to be installed must be 
backed up by a system confining such substances, in which case the 
area constitutes a fire and containment zone. 

Before a reactor is commissioned, the safety authorities analyse 
the building fire vulnerability studies made by the operator tu check the 
adequacy of the planned construction arrangements and the 
predetermined design criteria. These studies are generally carried out 
for each room or fire zone on the basis of an estimate of the calorific 
and radioactive potential liable to be present there. As concerns 
validation of the choices made by the operator, the French safety 
authorities dispose of systematic, reliable analysis system to back up 
their opinions. These resources essentially consist of calculation 
codes qualified on the basis of representative tests. 

At this stage, to allow for the common points, i.e. the routeing or 
simultaneous presence of two trains of safety related equipment, 
suitable shielding is generally provided (surrounding cables and 
electrical cabinets with fire-resistant material). In addition, in rooms in 
which emergency action may be difficult (headroom or accessibility), 
water spray systems ensuring rapid extinguishing of an outbreak of fire 
are installed. These systems are activated either automatically or 
manually by operating equipment outside the affected zone. Any risks 
of flooding caused by the installation of such systems must be taken 
into consideration from the design stage: removal of the water must be 
possible and protection of other areas against this hazard must be 
provided. 

In fast breeder power plants, the use of such systems must be 
restricted to areas in which sodium does not circulate, as sodium 
reacts violently with water on contact. 

The detection of fire breaking out in a room must be rapid, suited 
to the type of fire and of a nature to ensure effective action. For this to 
be obtained in French nuclear installations, fire alarms are sent to both 



the control room and to equipment close to the rooms involved, 
indicating the configuration of the premises and the position of r e 
tripped detector. 

For fast breeder reactor nuclear power plants, conventional 
protection systems are not adequate. Line sensors therefore surround 
the lines carrying sodium to detect any leaks of sodium, which buns 
spontaneously on contact with air. In addition, a special powder called 
Marcalina is used as an extinguishing agent for sodium fires. 

The safety authorities take particular care to ensure that these 
detection systems are as reliable as possible in all situations to avod, 
for instance, repeated spurious fire alarms making the operators of r e 
installations less vigilant. 

2.3 Emergency action 

The effectiveness and rapidity of action in the event of fire is r e 
indispensable complement of the safety arrangements. These must 
be established, once the installation is operational, so as to allow far 
the particular nature of each nuclear site. Therefore, each power plant 
has drawn up emergency action procedures. These cover each roc-n 
or fire zone and are provided for each category of personnel: auxilia7 
operator, operator and shift supervisor. They indicate the positions of 
the detection systems for localization of the outbreak of fire, r e 
emergency action resources in the room concerned or in the vicinny, 
and the types of action to be carried out to limit the fire and ~s 
consequences for equipment. They specify, for instance, the electrical 
systems to be switched off before action is taken to avoid danger of 
electrocution. The implementation of these procedures by Electricté 
de France has been the subject of careful monitoring by the French 
safety authorities. 

2.4 Operation 

Once the installation is in service, the French safety authorities 
have two main methods of determining deficiencies in the f*e 
protection system. On the one hand, all the outbreaks of fire which 
have occurred in nuclear installations, whether in France or in other 
countries, can indicate, after analysis of the actual and potent al 
causes and consequences, the inadequacy of certain parts of r e 
protection system. 

Also, surveillance inspections carried out on the installatio-s 
themselves can bring to light possible lapses in observance of zoning, 
or the availability of detection and emergency action systems. 

In view of the complexity of the facilities, it is essential to check 
the adequacy of the protection systems on the spot. 



Concerning French PWR plants, standardization of the nuclear 
units makes it possible, if a problem is found, to implement a 
modification to eliminate it in all the corresponding plants. Thus, in 
1987, some ten major modifications concerning fire protection were 
specified for all the French 900 MW(e) PWR units, and should be 
completed by the end of 1989. The safety authorities are making sure 
in this case that the completion deadlines are met. 

3. PROTECTION AGAINST FIRE IN FUEL CYCLE INSTALLATIONS 

3.1 Fire hazard analysis 

There are significant differences between fuel cycle installations 
and PWR nuclear power plants as concerns fire protection 
requirements. A basic safety rule has been drawn up to allow for 
these differences. This is rule No. I.4.a — series 'U' dated 
28 February 1985. 

(a) Most of the fuel cycle installations antedate publication of the rule; 
their design and construction may represent deviations or 
contradictions as regards the provisions of the rule. Re-evaluation 
of fire protection is therefore necessary. 

(b) These installations are of very varied natures, which necessitates 
a more general rule than is the case for PWR nuclear power 
plants, in order to ensure that all cases are covered. Special 
treatment for each type of installation, or even for each workshop, 
is necessary. 

(c) The processes, which may at times involve combustible or 
pyrophoric material, necessitate the implementation of reinforced 
fire prevention and fire fighting resources. Examples are the 
nuclear fuel fabrication workshops which handle metals such as 
zirconium, uranium, magnesium and in which fires of zirconium 
swarf have occurred; the cells in which organic liquid oils or 
solvents are used, particularly the cutting cell of the UP2 plant at 
La Hague, in which oil fires have occurred; the bitumen 
encapsulation workshops for evaporation concentrates and co-
precipitation sludges, in which fires occurred at Saclay in 1978, at 
Valduc in 1982 and at Marcoule in 1988; the waste storage rooms, 
in which fires have occurred, particularly at La Hague, involving 
the combustion of uranium and magnesium in silo 130 in 1981, 
and fire in a drum of waste in building 116 in 1987. 

(d) In fuel cycle insta'lations, a fire can break out in areas wnere 
radioactive substances are handled, whereas in the case of PWR 
nuclear power plants, it is the ancillary facilities which are the most 
vulnerable. This means that a fire in a fuel cycle installation 



generally has direct nuclear consequences: dispersal of 
radioactive substances in particular. 

(e) On the other hand, a fire causing a common mode incident in fjel 
cycle installations, such as that which occurred in 1980 in the 
electrical power supply of the La Hague plant, generally does not 
have major immediate nuclear consequences as in such 
installations there is a margin of a few hours for taking correctve 
action. 

(f) Finally, diversity of the actions relating to modifications of 
processes and equipment and to the renewal of the equipment 
after hydro-mechanical problems or corrosion increases the f.re 
hazard. 

The analysis should make it possible to identify the potential 
causes of fire (Fig. 1 ) and to determine the necessary protection, both 
for new installations and for the improvement of existing ones. 

Statistics from other countries, recently borne out by a study 
conducted in France, on the fires which have occurred over the last 12 
years in the main nuclear sites (laboratories and plants) situates the 
probability of occurrence at between 10'3 anr* io~2 fires per room or 
100 m3 volume per year. One fire in ten was serious, without there 
having been any major nuclear consequences for the time being. 

Figure 2 shows the distribution of fire per type of room. It can be 
seen that the fire hazard in workshops and laboratories is independent 
of the nuclear hazard. 

The calculated analysis methods developed for the fuel cycle 
installations are described in a number of French presentations at this 
meeting. These include: 

(1) The FLAMME code developed by the CEA, which makes it 
possible to predict the development of fire in a room as a functon 
of the ventilation situation, 

(2) The VULCAIN N expert system, which is an addition by the IPSN 
to the VULCAIN expert system developed by Berlin. This system 
will mainly be used to provide assistance in drafting the 
emergency action instructions by simple and rapid representat'on 
of the different scenarios in a given room. 

Many particularly complex cases necessitate full scale 
experiments, as the applicability of calculation codes still remans 
extremely restricted if excessive complications in their use are to be 
avoided. This is particularly the case for pyrophoric metals, of wh'ch 
there are large amounts in certain places, such as in reprocessing 
plants (magnesium and zirconium from fuel cladding). Cogéma has 
begun tests on extinguishing magnesium fires, but modelling of fires of 
this type is not yet available. 



3.2 Ftre protection 

Conventional fire protection is broadly covered by the 
regulations, but the possibility of nuclear consequences results in 
additional constraints, particularly due to: 

(1) The obligation to confine the radioactive substances, which gives 
rise to the fire and containment zone concept, 

(2) The difficulty or impossibility of gaining access to the accident area 
(radioprotection equipment may have to be worn or an area may 
be forbidden), 

(3) Restrictions concerning the use of extinguishing agents (the use of 
water is forbidden in the presence of a criticality hazard). 

The way in which the rules are applied to fuel cycle installations 
allows for the consequences of a fire. Figure 3 shows the relationship 
between the scale of the radioactive substance dispersal hazard 
represented by the regulatory zoning and the degree of protection 
against fire required. 

Cogéma has drafted a document entitled Fonction Générale 
Incendie (fire general function) to show the rules adopted for fire 
protection in the new reprocessing plants at La Hague. After 
examination by the permanent group of experts responsible for the 
plants, a revised version of this document was accepted by the safety 
authorities. This aspect will be discussed during this symposium. 

3.3 Surveillance 

In the field of fire in fuel cycle installations, inspection essentially 
consist of checking: 

(1) Compliance with basic safety rule 1.4.a series 'IT, for new or 
refurbished installations, or that compensatory arrangements, 
particularly the effectiveness of the emergency action teams, are 
effectively made in the older installations, 

(2) That the corrective measures are effectively determined and 
implemented, particularly after emergency action or incidents, 

(3) That the calorific potential per unit area under normal operating or 
maintenance conditions does not exceed the specified thresholds 
in the different rooms and, in particular, that no combustible 
radioactive waste is stored outside the rooms provided for the 
purpose. 



4. CONCLUSIONS 

Concerning fire protection, any errors, whether at the design, 
construction or operation stages, can have major repercussions on 
safety. Fire protection therefore essentially depends on the quality of 
design, construction and operation. The central service for the safety 
of nuclear installations thus makes sure that the level of quality is 
satisfactory throughout the lifetime of the installation in conformity wrrh 
the regulatory provisions in force. 

This quality is essentially based on due regard for vigilance and 
the necessary training and familiarization by regular exercises whi'e 
the installation is in service. 
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Figure 1 - Causes of fire 
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Figure 2 - Locations of fire 
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