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Abstract

In the framework of a fire probabilistic safety assessment (Fire PSA), the French Institute for
Nuclear Safety and Protection (IPSN) has developed a method for estimating the frequency of fire in
a nuclear power plant room. This method is based on the analysis of French Pressurized Water
Reactors operating experience. An interesting characteristic of this experience is that the reactors
population is homogeneous in terms of design, maintenance and operating procedures.

The method adopted consists in carrying out an in-depth analysis of fire-related incidents. A
database has been created including 202 fire events reported in 900 MWe and 1300 MWe reactors
from the start of their commercial operation up to the first of March 1994, which represents a
cumulated service life of 508 reactor-years. For each reported fire, several data were recorded among
which :

- the operating state of the reactor in the stage preceding the fire,
- the building in which the fire broke out,
- the piece of equipment or the human intervention which caused the fire.

Operating experience shows that most fires are initiated by electrical problems (short-circuits,
arcing, faulty contacts, etc..) and that human intervention also plays an important role (grinding,
cutting, welding, cleaning, etc..)

A list of equipment and of human interventions which proved to be possible fire sources was
therefore drawn up. The items of this list were distributed in 19 reference groups defined by taking
into account the nature of the potential ignition source (transformers, electrical cabinets, pumps, fans,
etc .) . The fire frequency assigned to each reference group was figured out using the operating
experience informations of the database.

The fire frequency in a room is considered to be made out of two contributions : one due to
equipment which is proportional to the number of pieces of equipment from each reference group
contained in the room, and a second one which is due to human interventions and assumed to be
uniform throughout the reactor. Formulas to assess the fire frequencies in a room, the reactor being in
a shutdown state or at power, are then proposed.

To conclude, in the light of initial applications, it appears that the method developed by IPSN is
easy to use. Based mainly on the use of French operating experience, which represents a large number
of reactor years, it guarantees with an adequate level of confidence that the data obtained will be
representative. One original feature of this method is that it takes into account fires breaking out
because of human intervention and that it can be applied to power reactors in operation or in
shutdown conditions.

1. INTRODUCTION

The French Institute for Nuclear Safety and Protection is performing a fire-probabilistic
safety assessment (Fire PSA). In the framework of this study, a method for estimating the
frequency of a fire in a given reactor room has been developed. This method is based on the
fire related experience gained with the 508,2 reactor-years of operation in the French PWRs.
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2. FIRE-RELATED OPERATING EXPERIENCE

2.1 Fire events database

The feedback of French operating experience is based on data available to IPSN. From
their first commercial operation up to the first of March 1994, the French 900 MWe and
1300 MWe PWRs accumulated an operating time of 508,2 reactor-years and a total of 279
fires were recorded. These data concern all the fires that occurred in the PWRs which were
reported by Electricite de France to the French Safety Authority.

No screening was done on the fire experience feedback as regards the importance of the
damages to the equipment. Notably, events limited to smoke production or small fires which
went out without intervention are taken into account.

On the other hand, some fire events were excluded based on the following :
- fire events not considered in EdF feedback of operating experience (fires occured

before the first criticality or were judged as "not significant", ie outside the nuclear
island),

- fire events which occured before the start of commercial operation,
- fire events which occured in buildings outside the scope of the fire PSA.

After this selection, 202 fire events remained in the database. For each fire, the following
are documented :

- site and unit affected by the fire,
- date,
- reactor condition preceding the fire,
- location of fire (building),
- equipment or maintenance operation causing the fire.

2.2 Results

It has to be noted that the number of reported fire events were different for 900 MWe
and 1300 MWe standardized plants. Concerning 900 MWe reactors, 186 fire events were
reported for an operation period of 399 reactor-years whereas 93 fire events were declared in
109,2 reactor-years of operation for 1300 MWe reactors. The resulting fire frequencies are
then 4,7 x 10"1 / reactor-year and 8,5 x 10'1 / reactor-year respectively, all reactor states
included.

2.2.1 Fire cause

Table I - F'ire cause distribution

FIRE CAUSE

electrical
mechanichal
human intervention
hydrogen
miscellaneous

NUMBER OF FIRE
EVENTS

123
22
46
6*
5

PERCENTAGE (%)

60,9
10,9
22,7

3
2,5

* : fire events due to turbogenerator not included
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Experience shows that electrical faults (short circuits, arcing, poor contacts) are the main
cause of fires. The significant contribution of maintenance operations (grinding, cutting,
welding, cleaning with solvents), which represent 22,7% of overall fire events, should also be
noted.

Fires with mechanical origin are less frequent (around 11%); they result, to a large extent,
from contact of flammable material with hot surfaces.

2.2.2 Fire location

Table II - Fire location distribution

FIRE PLANT LOCATION

Nuclear Auxiliary Building
Fuel Building
Electrical Building
Reactor Building
Diesel Generator Building
Service Water Pumphouse
Turbine Building*
Others**
Location unknown

NUMBER OF FIRE
EVENTS

24
25
33
32
9
3
53
14
9

PERCENTAGE (%)

11,9
12,4
16,4
15,8
4,4
1,5

26,2
7

4,4

* : building outside the scope of the fire PSA.
** : Control Building, auxiliary, unit and main power transformers.

2.2.3 Reactor operating condition at the time of the fire

Table III - Reactor state distribution

REACTOR OPERATING
CONDITION

Refueling shutdown
Cold shutdown for
maintenance
Normal cold shutdown
Intermediate shutdown, RRA
connected
Intermediate shutdown, RRA
conditions
Intermediate shutdown, RRA
not connected
Hot shutdown
Hot standby
Reactor at power
Reactor operating condition
unknown

NUMBER OF FIRE
EVENTS

54
3

10
1

2

2

6
1

103
20

PERCENTAGE (%)

26,7
1,5

4,9
0,5

1

1

3
0,5
51
9,9
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Fires mainly occurred when the reactor was at power (51% of fires) or in a cold shutdown
condition (33,1% of fires). This is due to the high proportion of time the reactors are at power
and to the significant increase in the number of maintenance operations during cold
shutdowns.

The distribution of fires that occurred in a cold shutdown state is the following :
- normal cold shutdown : 15%,
- cold shutdown for maintenance : 5%,
- refueling shutdown : 80%.

Equipment or maintenance operations initiating fires :
The analysis of fires made it possible, in most cases, to identify the equipment or

maintenance operation that caused the fire. The various types are listed below.

1 Fire due to equipment fault

(a) Electrical equipment
Electrical energy conversion equipment:

- high and medium voltage equipment (6.6 kV controller, main transformer, step-down
transformer, switchboard),

- turbogenerator including hydrogen leaks (electrical turning gear),
- diesel generators (oil leak),
- electrical switchboard (220 V switchboard, transformer, 380 V controller).

Instrumentation-control equipment:
- decentralized control console,
- instrumentation and control cabinet, regulating cabinet.

Actuators:
- motors (air compressor).

Miscellaneous:
- electric heaters, resistors.

(b) Pumps (primary pumps and turbine pumps of auxiliary feedwater system following an oil
leak).

(c) Fans (fan motors or belts).

Nota : it must be noted that electric cables (48 V, 380 V, 6.6 kV) are not considered as
fire initiators. 7"he reason for this hypothesis is that the few fires which broke out on cables
were due either to a mechanical shock which damaged the cable and caused a short-circuit or
to the wrapping of a high voltage cable which heated up because of the Joule effect.

2 Fire due to hydrogen
Hydrogen leak (H2 explosion in a tank)

3 Fire due to maintenance
Maintenance work (welding, grinding, solvent ignition in cleaning operations)
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3. FIRE FREQUENCIES

3.1 Basic data
To facilitate the use of PWR operating experience and the evaluation of the frequencies

of fires, equipment items of the same type were assigned to a reference group. This
methodology allows to have for each ignition source the largest experience feedback and
improves the reliability of the results.

For each reference group, a fire frequency is obtained from the operating experience with
the following formula:

T
where Nf is the number of fire events related to the equipment of the reference group and T is
the total operating time of french PWR's (508,2 reactor-years).

Examples of reference groups and the corresponding fire frequencies are given in the
following table.

Table IV - Reference groups fire frequencies

REFERENCE GROUP

Equipment:

- High voltage equipment

- Turbo generator

- Diesel generator sets

- Medium and low voltage
equipment

-Pumps

- Electric heaters

- Electric motors

-Fans

Maintenance:

- Reactor at power

- Reactor in shutdown states

NUMBER OF FIRE
EVENTS

9

24

6

28

13

13

5

17

13

31

FIRE FREQUENCY
(/reactor-year)

1.8 xlO"2

4.7 x 10"2

1.2 x lO"2

5.5 x 102

2.6 x 10"2

2.6 xlO"2

9.8 x 10"3

3.3 xlO"2

2.6 xlO"2

6.1 x 102
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3.2 Fire frequency estimation method

Reactor at power

The estimation of the fire frequency in a room has to take into account two contributions
: one due to equipment, the other due to maintenance operations.

Equipment
For each reference group, it is considered that the frequency of a fire due to the

equipment is proportional to the number of equipment items located in the room.
For each reference group, the following data is then needed :
- the fire frequency of the reference group (FRi),
- the number of equipment items of the reference group in the room (Ni),
- the number of equipment items of the reference group in the plant (NTi).

The contribution of this reference group to the fire frequency in the room is then :

NTi

It must be noted that this method only concerns the buildings where a fire could threaten
the safety of the plant. For a standard french 900 MWe PWR, it represents 822 rooms.

Knowing the contribution of each reference group i, the fire frequency in a room due to
its equipment (Fl) is obtained by summing the contributions Fi of the different groups :

Fl = IFi
i

Maintenance operations
As the number of maintenance operations in a room is not known, it is considered, as a

first approximation, that their contribution is uniform throughout the installation. If MP is the
reference frequency, when the plant is at power, the contribution of maintenance operations to
the fire frequency in a room is :

Fl
NL

where NL is the total number of rooms in the installation where maintenance operations were
performed. (NL = 664 for a standard french 900 MWe PWR, the rooms of the reactor building
being excluded)

Frequency of a fire
The fire frequency in a room is then obtained by summing the contributions due to

equipment and to maintenance operations :

NL
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3.3 Results

The method for estimating the frequency of a fire was applied to unit 1 of the Blayais
power station (900 MWe PWR) for all the rooms containing safety-related equipment.
Implementing this method required to create an equipment database, allowing the location of
each equipment item for the reactor. This database was established both from existing
computer files (electrical cable listings and maintenance operation data used by the operator)
and from data obtained by on-site visits. So it was possible to evaluate, for each reference
group, the number of equipment items in each room and in all the plant. The approach was
completely computerized using a database management software program which made it easy
to calculate the frequency and to provide for possible updating.

For the Blayais station, with the reactor at power, the order of magnitude of fires
frequencies obtained varies from 10"5 to 10"2/reactor year, depending on the room content.

The distribution of rooms as a function of the different frequency ranges is shown in the
following table :

Table V - Rooms distribution according to frequency range

FREQUENCY-RANGE
(/reactor-year)

i(rs<f<i(r4

l(T4<f< 1(T3

icr3<f< iff2

NUMBER OF ROOMS

166

106

40

It must be noted that the total number of rooms is 312 which corresponds to the rooms
where a fire could cause the loss of cables or equipment necessary to the reactor operation.

4. CONCLUSION

The analysis of fire-related operating experience provided information for carrying out
the fire probability study. It is actually possible to identify the equipment items and
maintenance operations which constitute the principal ignition sources for PWRs. It also
allowed to attribute a fire frequency to each ignition source. These informations were used to
develop the method for estimating the fire frequency for a room. This method allows to obtain
reliable data due both to the homogeneous design of the French PWRs and to the considerable
operating experience gained from more than 500 reactor-years. The application of this method
to unit 1 of the Blayais power station shows that the approach developed by IPSN is easy to
implement. The fire frequency for each room will be used to select the critical areas (rooms
where the contribution of fires to the probability of core meltdown is not negligible).

Moreover, equipment or materials with an appreciable energy content, such as flammable
fluids, near an ignition source constitute potential fires that should be studied as initiators of
fire scenarios. The data acquired allow to estimate frequencies for these points and will be
used to quantify the probabilities of fire scenarios liable to induce core meltdown.
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