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Introduction

For the collection of burning sodium from the components and pipes of the

secondary circuit of SNR 300, spill-trays are foreseen which are connected

to dump tanks.

These spill-trays are covered with a sieve in order to reduce the flow of

air to the sodium in the spill-tray and hence to reduce the burning rate.

In order to further minimize the consequences of a large sodium fire for

the components, the licensing authority required as a back-up the

installation of a remotely operated distribution system by means of which

an extinguishing powder can be sprayed upon the spill-trays.

Scope of investigations

Experiments were carried out in which the effectiveness of different

extinguishing powders in combination with the sieve covered spill-trays

were tested in a comparative manner. Attention was paid to the question

whether such a spray system would have also additional benefits in the

case of smaller sodium leaks.

To this purpose three commercially available extinguishing powders were

tested, one on a sodium chloride, two on a carbonate base.

Also the effectiveness of the sieves proper with respect to reducing the

burning rate was tested without applying any extinguishing powders.

Finally for a reference some tests were done on open spill-trays, i.e.

spill-trays not covered with a sieve»

The investigations which were carried out in 1976-1977 were limited to

fire experiments, aspects of transport of the powder in the distribution

system were not investigated.
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Test installation

The test installation used for the execution of the burning and

extinguishing experiments is show in fig. 1.

It consists of an insulated steel tray to. be filled with sodium.

The tray, with a diameter of ca 50 cm and a height of ca 25 cm, was

provided at the upper side with a sieve. By means o,f a steel cover the

contents of the tray could be completely isolated from the atmospheric

environment. From the bottom the tray, filled with sodium and closed with

the steel cover, could be heated by means of an electric heating plate.

When heated the sodium in the tray was ignited by removing the steel cover.

The spraying from a distribution system with nozzles was simulated by dosing

the extinguishing powders on to the fire by means of a shaking tray. The

reason was that with this arrangement a well controlled way of dosing,

necessary for comparitive tests could be obtained. Care was taken that

the dosing rate and the total amount of powder were comparable with those

attained with nozzle systems.

At its bottom the shaking tray was provided with a vibrating sieve.

The dosing rate of the extinguishing powder could be controlled by varying

the vibration speed of this sieve.

The shaking tray was installed at a height of about 70 cm above the sodium

spill-tray.

The installation was arranged within a protecting chamber provided with

air inlet channels at the bottom.

In addition to heating up the sodium in the spill-tray, arrangements were

provided to wet the sieve of the spill-tray with sodium, either by

immersing it shortly in the sodium or by pouring sodium on it.
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4. Extinguishing powders

An important argument concerning the choice of sodium carbonate-base

versus chloride-base extinguishing powders is the claimed difference in

corrosiveness. Further important properties are their long term

storability and, when used with a remotely operated distribution system,

their transportation properties in such a system. However, for the main

aspect being investigated in the tests - i.e. their capability to extinguish

a sodium fire in a spill-tray covered with a sieve - the most important

properties are the size of the particles and their respective caking

temperatures. Caking is obtained by chemical substances which the manu-

facturer adds to the powders.

A rough indicaton of the caking characteristics was obtained by dropping

the powder on a sieve which had been heated to a predetermined temperature

and estimating the extend to which the sieve was plugged by adhering

particles. So a plugging percentage of 25% means that 25% of the sieve

area was plugged at a given temperature.

The sieve used had the same dimensions as the sieves for the spill-trays.

The following basic data were measured for the three powders investigated.

c. A carbonate base extinguishing powder further referred to as

"Carbonate_B"
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a- Qt!i9ridS.-b§§§ extinguishing powder

Par t ic le dia : mean 22 um

: 6 wt % >1Q0 um

:<0,1 wt % >400 um

Plugging percentage at a temperature of 600°C :

b. A carbonate base extinguishing powder in the following referred to

0%.

Particle

Plugging

dia :

:

:<

percentage

mean

41 wt '-,

:0,1 wt °;

85

i >100

; >400

ym

um

um

at a temperature of 200°C :

400°C :

600°C :

25%

75%

100%

Particle

Plugging

dia :

percentage

mean

78 wt \

18 Wt °;

260

; >100

s >400

um

um

um

at a temperature of 200°C :

400°C :

600°C :

0%

50%

90%

This powder is specially made for application in TNO facilities.

This powder is developed in the USA.

Only the first mentioned powder is licensed in Germany.

5. Process conditions

The most important process conditions in the tests were:

The air velocity averaged over the cross section of the protecting

chamber Efig. 1) was maintained at approx. 0,15 m/sec.

This velocity is considered to be representative for large scale

conditions.

The amount of sodium in the.spill-tray was in most oases 8 kg

which is equal to a layer of 3,5 - 4 cm.

For the dosing time approx. 4-5 minutes was chosen as standard.

Also dosing times of 0,5-1 minute were investigated.

The amount of extinguishing powder dosed during these time periods

had been established in preparatory tests such that it gave a layer

4 cm +_ 1 in a dry spill tray under the above mentioned air velocity

conditions.

These figures were chosen to represent realistic conditions for the

largest spill-tray in real large scale conditions according to

information obtained.

x) In the extinguishing experiments the particles larger than S00 um (only a
3% max.) had to be removed to avoid problems regarding dosing from the
shaking tray.



The burning time prior to dosing the extinguishing powder on the

fire was approx. 20 minutes for open spill-trays and approx. -30

minutes for spill-trays covered with a sieve. In preparatory tests

it had been established that after these time periods fires had

reached their maximum steady state temperatures for the two

conditions mentioned.

Unless otherwise stated the data of bhe sieve on the spill-tray

were:

mesh width 2 mm

wire thickness about 0.6 mm.

In addition some tests were carried out with a sieve of 1 mm mesh

width and about 0.3 mm wire thickness.

6. Results

6.1. §xtlnguishing_fires_in_an_ogen_sgill;tray

As a reference some tests were done in which a layer of 4 cm of

extinguishing powder was sprayed on a sodium fire in a tray which was

not covered with a sieve. The layer of burning sodium was 4-8 cm thick.

The results were similar to those found by other investigators, i.e.

only temporary extinguishment of about 10 minutes could be obtained under

the above conditions. No great difference was observed with the three

extinguishing powders.

The sieve was found to have a marked influence on the temperature and the

burning time and consequently on the burning rate as the figures nrs. 2

and 3 show.

In an open tray the maximum temperature of the burning sodium

reached a value of 750°C (fig. 25 and the time during which the

sodium burnt at its maximum intensity was about 32 minutes.

Fig. 3 shows the influence of a sieve with a mesh width of 2 mm

and a wire thickness of 0.6 mm.

The maximum temperature in the sodium is reduced to approx. 680 C 177

and the time during which the sodium burns at its maximum intensity

is increased to about 80 minutes which implies that the burning

rate is strongly reduced by the sieve.

The effect of a sieve with a mesh width of 1 mm and a wire thickness

of 0.3 mm is about the same.

6.3.

The maximum effect will be obtained if the powder forms a closed layer

on the sieve isolating the fire from the surrounding air.

If all the powder falls through the extinguishing effect will be

comparable with that for an open fire with the exception that the sieve

inherently reduces the air flow to the fire.

If the powder forms a layer on one part of the sieve and falls through

the other part access of air remains in principle possible through the

non-covered part of the sieve though in a reduced way depending on the

fraction of the sieve area which is open.

6.3.1. Chlorlde_basa_extinguishing_ggwder

For sodium fires in a spill-tray covered by a sieve, without direct

contact between sodium and sieve and applying a dosing time of the

chloride powder of 4-5 minutes, a definite extinguishment was obtained

in some of the experiments.-

In the other experiments the fire was suppressed only partly and

temporarily.

In all cases the sieve was only partly covered by a layer of powder,

the remainder falling through the sieve into the burning sodium

(fig. 4).

When the sieve was shortly immersed into the sodium and the powder

was sprayed on the sieve after the sodium adhering to the sieve had

had time to burn out, a full extinguishment was obtained and only

a small part of the sieve was not covered by a layer of powder.

In the case that sodium was poured on the sieve prior to the dosing

of powder, the parts of the sieve wetted by the sodium retained the

powder.



Finally when powder was sprayed on a sieve below which the spill-

tray had been divided into two parts - on half in which sodium burnt,

the other half being empty - a layer of powder was formed only on

the part of the sieve above the burning sodium. The fire was not

extinguished.

As stated the dosing time in the above mentioned experiments was

roughly 4-5 minutes.

When spraying the same amount of chloride base extinguishing powder

on the sieve in about 40 seconds all of the powder fell through the

sieve and only a temporary extinguishment of about 10 minutes was

obtained like in an open spill-tray.

6.3.2. Carbonate A

Referring to paragraph 4 Carbonate A has a larger mean particle size,

though the maximum size of the particles is about the same as that

of the chloride particles.

Due to the additives the caking temperature is much lower.

The experiments showed that with dosing times of 4-5 minutes as well

as 1 minute a complete closing-off layer was formed on the sieve and

a lasting extinguishment was obtained.

6.3.3. Carbonate B

This powder has a much larger mean and also a much larger maximum

particle size than the other two powders investigated.

Its caking properties lie between those of the other powders.

Since the powder became available near the end of the burning experi-

ments it was only tested under dosing time conditions of 4 minutes.

Apart from some non-uniformness in the spraying the sieve was covered

with a closed layer. The fire was definitely extinguished.

No difference was observed when a sieve with a mesh width of 1 mm

was applied.

6.3.4. Qgnclusions_for_extinguishing_of_fires_in_sieye3coyered_trays1

For sodium fires in' spill-trays covered with a sieve and dosing times

of 4.-5 minutes it is generally found that sometimes a complete and

definite extinguishment and sometimes only a partly and/or temporary 178

extinguishment is obtained with the type of chloride base

extinguishing powder investigated.

Though in all cases only a part of the sieve was covered by a layer

the conclusion can be drawn from the experiments that the tendency

of the sieve to retain the powder increases if the sieve has been

intensively in contact with the hot aerosoles of ths fire or with

the hot sodium itself. The sieve remains completely uncovered when

it has not been in contact with hot sodium or aerosoles.

With a faster dosing (0.5-1 minute) all of the chloride base powder

fell through resulting in a temporary extinguishment only.

With Carbonate A independently of dosing time and Carbonate B, which

was investigated only for dosing times of 4-5 minutes, a definite

extinguishment was obtained.

For Carbonate A the cause is probably the good caking effects at a

relatively low temperature which on the other hand may cause problems

for a distribution system.

For Carbonate B its behaviour may be explained by the relatively large

size of the particles, possibly in combination with the caking

characteristics which are worse than for Carbonate A, better, however,

than for the chloride base extinguishing powder.
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