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ABSTRACT

In nuclear facilities, where unacceptable quantities of radioactive aerosols could be spread in the event
of a fire, the ventilation system must be designed so that an underpressure is maintained under such
circumstances. This is the reason why the extracting ventilation of the room in which the fire has
broken out has generally to be kept going as long as possible. This prevents smoke and radioactive
aerosols from spreading to accessways and adjacent rooms. Consequently, the various devices of the
ventilation network need to have high fire resistance.

Fire dampers can be applied to exhaust air to delay the heat build-up of a major fire. Specialized
qualification testing is required for these dampers.

The criteria we have used as a basis for specifying the required qualities of installations are
defined. The tests that have been performed, or are now in progress, are described. The results obtained
so far are given. Devices and arrangements are suggested.

INTRODUCTION

Nuclear installations represent a potential risk to the environment that must be removed, or at least
reduced to an acceptable level in the worst hypothetical accident case.

Although those working at the site may be exposed to a number of hazards in such an accident,
the same does not apply to the neighboring population, which will, in fact, only be affected if a cloud
of radioactive aerosols is released in the accident. To protect against this risk, successive radioactive
material containment barriers are placed at different levels to cope with such accidents, particularly
those involving fire. Although all these installations are designed for an extremely severe fire, it is
necessary to optimize their utilization in the more likely case of a smaller fire, of the type liable to
concern a glove box.



Where possible, there is a passive barrier consisting of the walls of a fire zone. But in most cases,
it is necessary to maintain an underpressure in the installation by means of a mechanical ventilation
system, the extracted air being filtered. The ventilation ducts jeopardize fire zone integrity, which
necessitates either the use of ducts and filters of intrinsic fire resistance, or the installation of fire
dampers at wall crossings.

The latter are used in conventional installations, establishments receiving the public, high-rise
buildings etc.. Here, their role is to close when the temperature reaches a relatively low threshold
(7O0C) in order to isolate an area (room, floor, set of floors, stair well etc.), to allow evacuation and
to prevent fire from spreading. It is not necessary to subsequently open them and they are not difficult
to replace.

In nuclear installations, dynamic containment by ventilation is an important feature of the safety
barriers. It is therefore desirable for this to be discontinued at the latest possible stage and to be resumed
as early as possible, which necessitates the fire dampers being operable at high temperatures.

This requirement means that it is not always possible to use commercially available systems,
making it necessary to develop new means or to adapt existing ones. It is also necessary to determine
the domain in which given fittings can or should be employed, to avoid the installation of unjustifiably
costly equipment or, conversely, to avoid installing dampers which would be unable to perform their
functions when required.

Experiments have been made in France to accurately determine the conditions of use and to test
systems to determine whether they meet requirements and conform to the stipulations of the regulatory
approval tests, which are particularly stringent in France.

EVALUATION OF THE CONDITIONS OF USE OF A FIRE DAMPFR

Role of a Conventional Fire Damper

In ah installation where there is no nuclear hazard, the role of the fire damper is to re-create the integrity
of the fire wall of a fire zone, so that a fire is contained by it. The fire barriers are selected on the basis
of the largest fire which can occur, i.e. as a function of a quantity of combustible material present
Reference is made firstly to the curve in ISO standard 834, which gives temperature change as a
function of time and secondly to an experimental curve giving the duration of the fire as a function of
Fire load.

This curve establishes the substantially linear development of the calorific output of the
combustible material contained in a room when the inflow of air governs combustion (see Figure 1).

The fire walls of the fire zones must be able to withstand the fire for this length of time and provide
sufficient thermal insulation to prevent the unexposed wall from transmitting the fire to neighbouring
rooms. This requirements also applies to fire dampers.



Role of Fire Dampers in an Installation with a Maior Nuclear Hazard

In the case of a severe fire, as described above, the fire damper will be closed and remain so, to prevent
severe damage to the duct and to stop the fire from spreading.

It must be borne in mind that in a nuclear installation the objective is to prevent even a minor fire
from having nuclear consequences for staff and neighboring populations. This being the case, it is
necessary to make a prior study of the fire hazard and to install means of protection against fire which
are commensurate with the nuclear hazard (Figure 2).

This results, for instance, in the walls of a fire zone with a major nuclear hazard having a two-
hour rating and being equipped with fire dampers at the ventilation openings, even if the normal
thermal load is low.

Furthermore, one of the main means of containment is dynamic containment by ventilation, in
which the installation is maintained at an underpressure and the extracted air is passed through filters.
As soon as the fire dampers are closed, this barrier is lost and contamination can spread with smoke
into the environment under the effect of the overpressure caused by the fire.

Because of the good fire prevention in nuclear facilities, it is reasonable to consider that the
outbreak of fire in a cell (which will release radioactive aerosols) will be considerably less severe and
sudden than that defined by the ISO curve. It is then necessary to study such situations to avoid
contaminating the environment due to the fire overpressure in attempting to control a fire by shutting
the exhaust damper.

The Effect on Fire of Changes in Ventilation Rate

The experiments conducted and incidents that have occurred in major nuclear risk installations show
that the development of a fire actually proceeds under conditions close to those defined by the
Netherlands Centre for Fire Safety TNO (Figure 3). The effect of ventilation rate then becomes
preponderant, as shown by the results of a test conducted in a 100 m3 room in which was burnt 47 kg
of glove box walling of polyvinyl chloride (PVC) and polymetacrylate (PMMA) (Figure 4).

It was found that:

- normal operation of the ventilation system corresponds to a high average temperature, which
remains stable with little difference between the temperature of the hot layer and the
temperature of the cold layer, due to mixing of the ambient air;

- early closing of the inlet fire damper while the outlet damper is kept open corresponds to a
lower average temperature as soon as the oxygen in the room is used up. The temperature
of the cold layer is relatively low and the room is at an underpressure;

- the no-ventilation case is similar to the preceding case, but the room is at an overpressure.



Possible Fire Scenarios

Nuclear installations in which there is a high contamination hazard are normally equipped, on the
exhaust ducts, with a filter for each cell and a system for global filtering before discharge to the exterior.
This arrangement can be used to preserve containment in the event of failure of the first filtration level.
For reference, the fire scenario could then be as follows:

t = 0 early closing of the inlet fire damper to reduce the air supply while maintaining
sufficient extraction.

t = 15 min closure of the outlet damper when the first filter becomes liable to be damaged at
around 2000C.

t = 25 min if the fire is not extinguished, the pressure rises causing contamination of the
neighbouring rooms with radioactive aerosols and smoke. The overpressure is
released by opening the outlet damper. Dilution of the hot air with air from the
other cells preserves the second filter.

t = 45 min if the fire develops and puts the ducts at risk, it is necessary to close the fire damper
in the region of 4000C.

When the filter becomes clogged, extraction flow is progressively reduced and the role of the fire
dampers looses its importance. The scenario then stops at the point described for t=25 min. The
accessways to the room involved and the neighbouring rooms act as a filtered and ventilated
containment barrier with regard to the environment.

The result of the above situation is that fire dampers must be able to operate under the following
conditions:

1. at the inlet, early closing like a conventional damper,

2. at the outlet, late closing at around 2000C,

3. at the outlet, opening at around 3000C if there is an overpressure in the room,

4. at the outlet, closing at around 4000C,

5. opening of the inlet and outlet after the fire for decontamination.



AVAILABLE FTRE OAMPHRS

Fire Damper Qualification

The fire dampers used in France must be covered by a report issued by an approved laboratory
corresponding a test carried out under the conditions laid down in the "arrêté du 21 avril 1983"
(following the temperature curves of the ISO curve). The closed damper is subjected to an
underpressure by an extractor fan (Figure 5). For a damper to be qualified, the following two
requirements must be met:

- the damper (casing and flap) must provide sufficient thermal insulation with regard to the
surroundings; the temperature of the outer surfaces must not exceed 14O0C downstream of
the damper,

- the measured leakrate, when hot, must be below 43.3 yAP m'/h/m1, of the fire damper's
section,

- the measured leakrate, when cold, must be below 28.8 yjAP mVh/m2, of the fire damper's
section,

- the difference of pressure up/down stream is 1,500 Pa.

To reduce the leakrate, the manufacturers fit the contact surfaces of the flaps with intumescent
seals.

The behaviour of the seal in the above cases can prevent application of the proposed utilization
programme

1. When damper closing is at an early stage, the behaviour of the seal is not a problem, except
as concerns opening after extinguishing of the fire.

2. In the event of closure at around 2000C, the seal will have started to swell and can prevent
closing. If closure is effective, the necessarily irregular swelling of the joint can allow
considerable air leakage.

3. Opening at around 3000C, the joint is fully swollen and will prevent opening of the damper.

4. Closure at around 4000C, situation is that of case b) but worse.

5. After the fire, the damper is jammed closed in the contaminated duct, necessitating major
work in radioactive surroundings.



It is thus evident that fire dampers in ventilation ducts of high nuclear hazard facilities must
satisfy a certain number of requirements. These specifications have been published by the CEA in the
paper "Protection Handling Detection Security" (PMDS), on the basis of definitions established by the
Technical Reference Centre for Ventilation and Purification (CETREVE). These requirements are
reviewed below.

1. Dampers in high nuclear hazard surroundings:

- high temperature operability tests:
- closure when the damper body has reached 4000C,
- the opening when the valve body is at 4000C then at successive temperature steps

between 4000C and 3O0C,

- leak tests at each of the steps during cooling. The maximum upstream/downstream
leakage allowed is 800 Nm3/h/m2 of damper cross-sectional area under a pressure
differential of 1500 Pascals,

- additional characteristics:
- remote control of the opening and closing system,
- materials: stainless steel or equivalent,
- chemical corrosion resistance,
- external thermal insulation of damper,
- removability.

2. Dampers in medium nuclear hazard surroundings (controlled and monitored zones):

- high temperature operability tests:
- closing then opening when the valve body has reached 4000C,
- closing then re-opening when the valve body is at 3O0C,

- leakage tests carried out at 4000C then at 3O0C after cooling. The maximum upstream/
downstream leakage allowed is 1677 NmVh/m2 of damper cross-sectional area under a
pressure differential of 1500 Pascals;

- additional characteristics:
- remote control of opening and closing system,
- chemical corrosion resistance,
- external thermal insulation of damper.

These requirements may be relaxed in the light of the results of certain tests, and due to
modifications planned for the qualification of conventional dampers as regards the leak rate levels,
which are particularly stringent. Furthermore, strict compliance with these rules results in extremely
costly systems being installed. Finally, dampers at inlets are not exposed to as severe conditions as
those at outlets.



Experiments are being conducted to extend current knowledge in this field and investigate the
possibility of using lest costly systems which could nevertheless fulfil the requirements.

EXPERIMENTS AND TESTS

Model Conforming with PMDS gpecificatiqns

To meet the requirement, fire dampers have been developed in France, with a butterfly disk valve
pivoting on a shaft. The flap is of refractory steel with thermal insulation. It is progressively closed
by a pneumatic system with manual backup. Its use is fully justified where the risk of fire is high.

The prototype passed the tests for a 0.3 m and 0.6 m diameter model.

Tests of Other Devices

In view of the difficulties encountered in obtaining a fire damper which can perform all the required
functions alone, there was a case for investigating separation of the fire resistance and thermal
insulation functions. The flap and casing of the fire damper could play the first role while the duct plays
the second. Two tests have been carried out with this in mind.

Fireproof valve test made for the petroleum industry. The valve is designed to be operable in
the event of Fire and therefore gives excellent assurances concerning fire resistance and operability.

The purpose of the test was to check that this type of high-temperature equipment could be used
as a fire damper flap capable of operating at high temperatures. Il was necessary to make sure that
leaktightness of this valve was satisfactory for gases, and that the carbon steel flap would not risk
excessively high temperatures from being reached by thermal conduction. Operation of this valve was
required to be remotely controlled, by means of a double-acting pneumatic actuator.

In view of the handicap resulting from the all-metal construction of the valve, thermal shielding
of 75 mm thick rock wool was installed in the duct from its mouth to a distance of 600 mm beyond the
valve (Figure 6).



Temperature readings were made inside the duct, on the flap, on the thermal shield, and on the
outer surface of the duct. The conditions of the test were more severe than those required by the
regulations:

- temperature variation curve above that determined by the relationship
T - T0 = 345 Ig (8 t+1) (Figure 1),

- applied underpressure of 2100 Pa instead of 1500 Pa, as recommended in the PMDS
specifications.

The results obtained (see table in Figure 7) enabled favorable replies to be given concerning the
points to be checked:

- recreation of the fire resistance rating of the fire wall of the cells, corresponding to the
regulatory test stipulations,

- remote control by means of an actuator of the valve at a temperature (4000C) considered to
be acceptable for a range of valves between 0.20 and 0.35 m. As an additional precaution,
it was decided to increase thickness of the thermal shielding to 0.1 m.

Commercial fire dampers tests (intumescent seals removed'). The tests were designed to
establish the limits of operability of commercial valves, of which the approval tests had been made with
intumescent seals, after removal of the seals so as to allow opening and closing of the dampers under
high-temperature conditions, at between 80° and 4000C.

Indeed, the main characteristics of these seals is to expand about 80°C, which can impede closing
of the valve and prevent it from being re-opening.

The test setup is shown in Figure 5 and the positions of the termocouples are indicated in
Figure 8. An underpressure of 1500 Pa is maintained on the damper, which is in the closed position.

The first test was made on a 500 x 500 mm damper on which the intumescent seal was removed.
The findings, which are given in Figure 9, indicated that fire integrity lasted for about 5 minutes
(temperature 14O0C) and that the maximum acceptable temperature of 18O0C was reached in
14 minutes.

The second test was made on a damper of the same size on which the intumescent seal had been
replaced by a seal of fireproof foam. The readings, which are given in Figure 10, indicated that fire
integrity lasted for about 45 minutes and that the maximum acceptable temperature lasted for 1 hour
and 45 minutes.

The third test was made on a prototype on which the operating clearances were reduced and
stopped with a seal of fireproof foam. The readings, which are given in Figure 11, indicated that fire
integrity and flame shielding lasted for about 2 hours.



Before cooling to 4000C, it was possible to open these dampers in accordance with the PDMS
recommendations for nuclear installations.

When they were removed, numerous cracks were found. These were caused by differential
contraction between the metal flange, pins, etc., and the fire resistant material consitiuting the body
and flap of the damper. These cracks did not jeopardize containment relative to the the interior of the
duct.

A fourth test was conducted with a damper on which the intumescent seal had been replaced by
a seal of fireproof material complying with the PDMS requirements. The temperature buildup was
made with the damper open in accordance with a program corresponding to the TNO curve (Figure 3)
to 4000C. The readings are given in Figure 12. After 10 minutes of stabilization, the damper was
closed, then reopened without difficulty.

The temperature in the oven was then reduced in 5O0C steps and the damper was operated at each
step without difficulty. The leak rate was measured at a negative pressure or 1500 Pa. This
progressively increased from 82 mVh at 4000C to 104 mVh at 200C. Also, the temperature in the duct
was observed to fall rapidly once the damper was closed.

The results are extremely interesting, as they show that commercial dampers are capable of
performing the functions expected of them in nuclear installations if they are slightly modified by
replacing the intumescent seal with a seal of fireproof foam.

CONCLUSION

Fire dampers form an integral part of the ventilation systems of high nuclear hazard installations in
which underpressure constitutes the dynamic containment barrier. Their role is therefore an essential
one and it is necessary to know exactly how they will be used in the event of fire, and to make sure that
they are suited to playing the role assigned to them. This role can be very different to that in installations
with no nuclear hazard. It is thus necessary to foresee all the possible contingencies and to check that
the arrangements made will prove satisfactory, and to establish precise operating instructions. This
latter point is essential so as to ensure that in the event of emergency action, the fire scenario will be
clearly identifiable and that the instructions to be applied will enable prompt optimum use of the fire
dampers. This paper shows that this is possible, although the situations reviewed cannot be considered
to cover all fire scenarios.
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