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Abstract

In the rooms of plant UP3-A where there are conventional fire hazards, arrangements
have been taken to provide fire protection using a deterministic approach: creation of fire zones,
installation of fire detection, and occasionally extinguishing systems. These measures are
determined by comparing the fire load density in each room with threshold levels. In the rooms
where there are process-related fire hazards liable to involve radioactive materials, the fire
protection measures are generally reinforced, especially if the rooms contain solvents: installation
of fixed fire extinguishing systems depending on the quantity of solvent and the radioactive
inventory as well as outlet fire dampers operable at high temperatures. Simultaneously,
probabilistic studies of certain cells have made it possible to confirm the validity of the solutions
adopted.

Résumé

Dans les locaux de l'usine UP3-A qui présentent des risques d'incendie classiques, des
dispositions de protection contre l'incendie ont été prises de façon déterministe : sectorisation,
détection d'incendie et dispositifs d'extinction éventuels. Ces mesures sont adoptées en comparant
la densité de charge calorifique de chaque local à des valeurs seuils. Dans les locaux qui présentent
des risques d'incendie liés au procédé, pouvant mettre en cause des matières radioactives, les
dispositions de protection ont été généralement renforcées, en particulier dans les cellules
renfermant des solvants : mise en place d'installations fixes d'extinction en fonction de la quantité
de solvant et de l'inventaire radioactif, clapet coupe-feu situé à l'extraction manoeuvrable à
température élevée. Simultanément, des études probabilistes menées sur certaines cellules ont
permis de confirmer la validité des solutions adoptées.



1. Introduction

Fire in a nuclear facility is a serious event as, in addition to the well-
known effects of such an accident in a conventional industrial facilitv, there rnav
be nuclear consequences. This is because fire can destroy or damage the
protective barriers shielding the staff and the environment from the radioactive
materials. This results in a risk of contamination due to loss of static or dynamic
containment, irradiation and even a criticality accident.

To provide protection against the fire hazard, measures need to be taken
in a number of fields to limit the probability of fire breaking out, minimize the
consequences of fire, ensure surveillance and enable fire-fighting. This requires
in-depth analysis of the fire hazard in the installation.

2. Fire hazard identification

In plant UP3-A, the fire hazard has been sub-divided into two parts:

- the fire hazards which are not specific to the process itself and which
do not directly involve radioactive materials; these essentially result from:

9 the presence of electrical or electronic installations (short-circuits,
overheating of conductors, static electricity etc),

9 failures resulting from human error, due to the presence of staff in
rooms outside zone 4 ("red area"),

- the fire hazards associated with the process, which can have nuclear
consequences as they may involve radioactive materials, e.g.:

* the zircaloy fines produced during shearing of spent fuel assemblies
which are pyrophorous a hazard which must be made allowance for along the
entire path taken by the fines up to their final packaging in drums of waste,

* the use of solvents in the PUREX process used for reprocessing, and
it is the particular nature of the associated fire hazard which is covered in detail
in this communication.

3. Coping with fire hazards not specific to the process

These hazards are dealt with by applying a deterministic method, based
on the assessment of the fire load density in each compartment.



It is assumed that a certain fire load density is required if a fire is to be
able to break out and spread. Means of fire protection are systematically
provided above the following threshold values:

Fire load density Protection
(Mj.M-2) arrangements

Room > 600 * 2-hour fire resistant fire zone
o fire detection

Raised floor > 150 o fire detection
o Halon extinguishing system

Furthermore, the items of equipment with functions important for
safety, Le. whose loss would have unacceptable consequences for safety, are
provided with two independent electrical power trains (A and B). The routing of
these trains is kept geographically apart. Where their closeness cannot be
avoided, suitable thermal protection is provided between them, so that the same
fire cannot cause their simultaneous loss. The cables selected comply with
certain criteria laid down in the French regulations, to ensure that they continue
to perform their functions for a certain period of time in the event of fire and to
ensure that they cannot act as a vector for the transmission of fire.

4. Fire hazards associated with the use and storage of solvents

In the PUREX process used for fuel reprocessing, large quantities of
solvents are used. These are essentially tributylphosphate and dodecane, either
used separately but more often mixed, and possibly associated with radioactive
products.

4.1 Rooms outside zone 4

In addition to the general provisions alluded to in 3, for these rooms
accessible to the staff, there are additional prevention measures such as the
installation of explosionproof electrical equipment, the use of increased safety
electrical equipment for lighting, the installation of guards (casings or screens) to
control any leaks of flammable liquids by preventing the liquid from reaching a
hot point or, if under pressure, forn-dng a mist with explosive properties.

Furthermore, in these areas there is a risk of fire and explosion and they
are subjected to special operating rules, particularly as regards the identification
of hazards, the informing and training of staff required to work there, the



corresponding safety instructions, maintenance procedures and the procedures
for the replacement of explosionproof equipment.

4.2 Zone 4 cells

The accidental ignition in a cell of a large pool of solvent (of an area
greater than 2) after a major leak from the equipment would be
accompanied by a sudden rise in temperature and a pressure peak inside the cell:
a sudden pressure rise associated with the combustion resulting from an increase
in a number of moles of gas and the temperature rise, followed by a sudden drop
due to slowing of the combustion due to the decrease in the oxygen
concentration in the compartment. These extremely rapid phenomena are liable
to harm the installation, particularly the ventilation system and the filters in the
extraction circuit.

The cells of zone 4 where acess is forbidden are therefore the subject of an
extremely thorough examination of the fire hazard, which has resulted in taking
comprehensive measures to ensure fire protection.

The arrangements adopted were selected on a deterministic basis.
However, probabilistic assessments have been carried out on certain
characteristic cells of the different workshops. These studies, which very
usefully supplement the deterministic approach, have made it possible to obtain
good approximations of the levels of safety attained. These result both from the
combination of the construction arrangements, the design and the quality of the
equipment, as well as the application of a certain number of basic principles.

4.2.1 Preventive measures

The cells containing solvents constitute fire zones provided with
isolation devices consisting of fire dampers at the ventilation openings.

Air inlet fire damper close automatically upon detection of fire in the cell
(the detector is generally placed in the air extraction duct for reasons of
accessibility). Closing is also possible by a fusible link fitted to the damper or by
manual control.

To enable maximum flexibility of the use of ventilation in the event of
fire, an individual specification has been issued for the fire damper on the
extraction side: it must be possible to open or close it by the amount required up
to a temperature of 4001C. Control is remote and exclusively manual, by means
of a pneumatic actuator. Heat shielding of rock wool has been installed around
the ventilation duct over a suitable length, principally to protect the actuator



from the thermal effects of fire. The whole device has successfully undergone an
extremely severe fire test, the temperature rise during the test being above the
standardized thermal programme specified in standard ISO 834 (see Figures I
and 2).

As concerns the internal equipment of the cells, the following basic
principles have been systematically applied wherever possible:

- equipment of all-welded stainless steel construction maintained at a
lower pressure than that the cell atmosphere by a ventilation system specific to
the process,

- the absence of electrical equipment inside the cell, or electrical
equipment suitable for use in explosive atmospheres where the presence of
electrical equipment is unavoidable,

- thorough isolation of each cell from the neighbouring rooms (seals
between slabs as shown in Figure 3,

- the entry of air into a cell, which takes place by transfer, can only be
from a compartment where there is no risk of fire (low fire load density).

- earthing of equipment,

- an absolute minimum of moving mechanical parts,

- drip-trays with leak detectors,

- triggering of an alarm if the temperature of the solvent contained in
an item of equipment reaches a certain threshold determined on the basis of the
flash-point of the solvent taking into account a safety margin),

4.2.2 Fire fighting systems

4.2.2.1 Selection of cells to be equipped with fixed fire extinguishing
installations

Many of the zone 4 cells containing solvent have been equipped with
fixed fire extinguishing installations, on the basis of the following criteria:

- volume of solvent liable to be present (installed above a few hundreds
of litres),

- potential radiological consequences of the fire for the environment,
the consequences being estimated on the basis of the worst case scenarios:

e it is assumed that all the activity liable to be present both in the
solvent and in the aqueous liquids would be affected by the fire,



& the filters in the extraction circuit are assumed to be destroyed and
all the fraction f activity placed in suspension in the cell by the fire would be
released into the environment.

4.2.2.2 Choice of the extinguishing agent

Wherever possible, water containing 6 AFFF (aqueous film forming0
foam) was chosen. Where the use of water was impossible for reasons of
criticality, halon-1301 was adopted instead.

4.2.2.3 Activation of fire fighting

The Halon extinguishing installations operate automatically under the
control of a dual fire detection system in the cell. Manual activation is of course
also possible. Halon is dispensed after closing of the fire damper at the air inlet,
taking place in two stages: a rapid initial release followed by a second slow
release. The role of the latter is to maintain a sufficient concentration of halon
in the cell for long enough to ensure that there is no risk of a fire breaking out
again after being extinguished.

The fixed water extinguishing installations operate in the manual mode
only. An extinguishing installation consists of one or more fixed spray bars
inside the cell with nozzles which release a spray of water (see Figures 4 and 5).
For supplying the spray bar with water, it is necessary to connect it outside zone 4
to a dry riser in the workshop, by means of a flexible line installed by the
specialized fire fighting team of the establishment (see Figure 6.

To verify the effectiveness of this sprayed water extinguishing system, a
full-scale extinguishing test was carried out, designed to be as representative as
possible. The internal equipment of a cell, taken to be a tank, was represented by
a tank truck and a permanent leak of fuel from the top of the tank was
simulated. The tank truck was placed in a 48 2 bund, previously filled with a
mixture of 70% kerosene and 30% tributylphosphate (see Figure 7 The test was
carried out outdoors, and the duration of the fire before the water-spray was
turned on was set at four minutes.

Despite a rate of application slightly lower than the nominal rate planned
in the cells 84 lm-2.mn-I instead of 12.mn-1), the burning area was
reduced by 80% within one minute and the fire was -extinguished after a few
minutes. The result of this test carried out under severe conditions is
reassuring, and demonstrates the effectiveness of the extinguishing system.



The team responsible for fire fighting has written instructions for taking
action and operates in liaison with the control room of the workshop. It is this
team which operates the fire dampers of the cell where the fire has occurred, as
required to control ventilation. The member of the staff in charge of this
operation is provided with information on the position of the fire damper and
the pressure differential between zone 4 of the cell and the neighbouring zone 3
on the control panel.

Skill and training of personnel of La Hague fire brigade guarantees the
fire fighting provisions are fully operational.

4.2.3 Evaluation of the validity of the fire protection arrangements by
probabilistic assessment

Probabilistic safety assessments have been carried out on certain cells
where a serious fire could have major nuclear consequences. The method
consisted of assessing the probability of the outbreak of a fire in a cell bv
determining the event tree covering the possible causes. This results from the
combination of a number of elementary event probabilities constituting the
branches of the tree. This necessitates a thorough knowledge of the cell and its
environment, the size of the tree generally depending on the degree of
sophistication required in the assessment.

By way of an example, Figures and 9 show intentionally simplified
event trees derived from a studv made of a cell containing mixer-settlers.

The results of these studies were found to be extremely helpful, as they
made it possible to make certain improvements to the technical solutions
adopted (for example improvement of the seals between the slabs of the cells
where these are present), and to make an estimation of the degree of safety
attained. The results of these studies have shown that the probability of the
outbreak of a fire in a cell is extremely low and the probability of a fire
developing significantly is even lower, due to the presence of a fixed
extinguishing system.

5. Conclusion

The fire hazard in plant LJP3-A has been the subject of extremely
thorough analysis resulting in a wide range of fire protection measures,
essentially of a deterministic nature.



In the case of compartments with fire hazards not specific to the process,
the solutions adopted essentially result from evaluation of the corresponding
fire load density. Above 600 Mj.M-2, fire protection arrangements are
systematically made: the compartment is treated as a fire zone and provided with
automatic fire detection and possibly a fixed fire extinguishing installation.

As concerns the fire hazards associated with the process, which can
involve radioactive materials, the fire protection arrangements were
strengthened. For example, in the case of cells containing solvents, the fire
damper at the extraction outlet is to remain operable, with its position
adjustable, up to a temperature of 400'C. Similarly, a fire extinguishing
installation has been installed in each cell on the basis of the volume of solvent
contained in it or the estimated level of release to the environment subsequent
to a fire. Probabilistic safety assessments, carried out on certain cells in a number
of workshops, simultaneously confirmed the validity of the solutions adopted.

Thus, in view of the fire protection provisions made in plant LJP3-A it
can safely be claimed that the fire hazard has been properly addressed.
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