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Model Experiments on Na Pool Fire

Kazuo FURUKAWA, Susumu KITANI, Eikichi YAMADA%*,
Hideo MURATA, Hideto HARUTA*, Nobumi OYAMA* and
Kazuhiro TAKAHASHI**#

Division of Nuclear Fuel Research, Tokai, JAERI

(Received February 13, 1975)

In Na-cooled Fast Breeder Hazard Analysis for a Na pool fire
in the reactor containment vessel, Na fire model experiments have
been carried out with a 3.2 m° closed vessel of height 2 m and
diameter 1.5 m.

The burning areas used are 0.3, 0.15 and 0.075 mz. For the
different initial Na temperatures, initial oxygen contents and
atmospheric humidities, the burning rate was estimated from change
of the oxygen content in the atmosphere, gas density or generated
heat.

The Na surface burning rate of initial temperature 500°C in
the closed air with 21 v/o oxygen depends strongly on the ratio
of Na surface area and sectional (bottom) area of the reaction
vessel. The apparent burning rate is nearly constant. Below
5 v/o oxygen, at least, the mild oxidation without brightness

proceeds in first-order reaction with the oxygen content.

The work performed under contracts between Power Reactor
Nuclear Fuel Development Corporation and JAERI
* Present address; Power Reactor and Nuclear Fuel Dev. Corp.

#% Nippon Muki Seni K.K.
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SUMMARY *

Simulating the sodium pool fire in the container of Fast Reactor
JFE?T experimental tests was done for the hazard analysis,

Reaction container for fire tests had a volume of 3,2 m3, a diameter
of 1.5 @ and 2 m in height, and was covered by the thermal insulator to be
able to test adiabatically. 4% the btottom of its container a dish of
sodium pocl was attached, in which fresh sodium was supplied quickly from
the sodium melting tank, The temperature of the dish, piping and charging
sodium was kept a same chosen valve.

The variable parameters in the test conditions were the diameter and
depth of dish, the initial temperature of sodium, and the initial composi-
tion of atmosphere including its moisture content.

The measure values in the fire tests were the oxygen content in gas
phase, the temperatures of sodium, gds and container wall, and the pres-
sure of gas. The burning sodium surface was observed visually and
recorded by Video.

Some conclusions of the results of 16 tests were as follows:

(l) The more reliable estimation methods of burning rate of Na were the
generated heat summation method and the gas density method than the oxygen
content method,

(2) The burning rate of 500°C Na surface by the air in the reaction
container was nearly constant in the itime period of burning, producing more
and more fire spots gradually, and strongly depending on the ratio of Na
surface zrea and cross section (or bottom) area of container. (Section 1T,
Fig. 6.1).

(%) The burning rate at the largest Na area, which corresponded to the
bottom floor area, was estimated less than C.4 nga/mg-min.

(4) The difference of moisture centent in stmosphere did not changed the
burning rate in the range of 30 fo 830% relative humidity at 20°C.

(5) The variation in the depth of Na pool did not influenced on the
burning rate in the range of 50 to 150 mm. (The latter value corresponds
t0o the maximum value at JEFR.).

(6) After the oxygen content was decreased less than about 5% in the
atmosphere by the burning, the oxidizing rate without brightness was the
first order reaction on the cxygen content.

(7) In the case that the initisl oxygen content in aitmosphere was less

* Presented 2%t 3rd UKAEA-JAERI Fast-Reactor Meeting held Tokyo,
December 1969.
** kxperimental Fast Reactor "JOYO".
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than 10%, the brightly burning phenomena did not observed but only mild
surface-oxidization.
(8) Oxidation-Reasction Process in general is approximated by the chemical

equaticn:

1
9 =
2Nz + 5 02 Nazo + 1G4 Kceal,

which was supported by the thermal znalysis of reaction heat,

{9) The sbove results were gotten using the Na metal of about 20 ppm Ca
and 2000 ppm K. The sodium of ten times rich in Ca or K had a higher
burning rate of two to three times than the asbove, )

(lO) The above conclusions {2) and (3) interesting coincide with the
result of single experiment of Atomics International (1968) performed
using a big reaction container of about ten times largef volume than ours.
This will be a fact supporting the sound extrapclation of our results to

real Reactor Systems.

This work was performed under ccntracts tetween Power Reactor Nuclear

Fuel Development Corporaticn and JAERI.
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Model Experiments of Na Pool Fire - No. I
Abstract

The results of the model experiments of sodium pool fire
are described as a basis of safety analysis of design of the
Japan Experimental Fast Reactor vessel container.

Sodium pool was set up in a tightly-closed vessel (1.5 m
diameter and 2 m high), which was thermally insulated.

Three different pool surface areas were used;

i.e., 0.075 mz, 0.15 m2 and 0.3 mz. Sodium temperature,.oxygen

content and humidity in the vessel were varied for the study.

Dec. 1968
Furukawa K. et al,
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Section JJ:

Model Experiments of Na Pool Fire - No. II.
Abstract

Preliminary information on the burning of sodium and its
influence on the container vessel in case of a sodium fire
was previously obtained with '"Model Experiments of Na Pool
Fire - No. I ",

The purpose of the present study is to obtain detailed
data for the same purpose.

The effects of initial sodium temperature, initial oxygen
content and natural convection in the vessel were clarified by
supplementary tests. The previous experimental facility with
some modification was used for the tests.

Dec. 1969
Furukawa K. et al.
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s/ 5 1% mpE g hnEwBiE
f 1
P . | mmwe*d
B v/ 0 %:ﬁﬁu_ #Er 1) | Na7—~8  ENEER
keal kcal %G %
1| 21 5280 5750 51,9 48.1
2l 21 4600 5?50] 42.0 5 8.0
3, 21 4270 5750 348 65 2
4| 21 44900 5750 41.1 589
5/ 151 |3940 4150 528 47.2
6 11.2 3330 31040 31.6 684
7] 21 4700 5750 57.7 613
®1) 2Na+/2 = Na, O+ 104 keal mol
w2 m@mamm&&mgjﬁuawéﬁ
# ] # & kgs/m’-min
wEg | TURERE | EANaEE | Nav —r @R
T m* W s woE AR [ § G 2
I-1 z1 500 0075 0.¢84007 1.724+0.26 -
I-2 21 505 0.15 6.5040.023 0.58+0.1.0 0.51
I-3 21 520 0.15 0.5 7+002 0,6 8+0.03 0.45
I—~4 21 500 0.30 g31+002 0471004 0.36
1-5 21 505 0.15 - 0684004 0.6 2
I-8 5 2 470 0.15 0.124+0.01 0114001 0.0 8
| 8.7 4758 0.15 - 0.1640.02 0.13
1-8 21 4§95 0075 0.91%0.07 1234009 0.85
n-1 21 470 0.16 0.8 9+0.04 1.0340.09 1.0 8
I-z 21 300 0.15 .05+010 [(L48+018) 0.4 6
I—-3 21 250 0.15 0.87+0.10 1(1.29+031) 0.35
L—-4 21 475 0.15 0.§ 64003 0.6 9+0.09 0.48
I-5 151 190 0.15 (062+0.18) 031%001 019
I—-6 11.2 460 0.675 (0.53+001) 0571003 0.2 9
I-7 21 460 0.15 0754003 0.760.04 0.4 9
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1 470 21 16 19 17 16 (65)
2 300 21 14 145 | (17)" 25 13.7
3 250 21 187 182 | (12)" 25 155
4 475 21 20 20 2 1.5 24 150
5 490 151 235 | (2757 3750 25 102
6 460 11.2 24 (35)°* 30 239 8.2
7 460 21 21 21.5 235 20 10.6
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