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Basic Test on Sodium Fire Protection Systems (II)

— Simulation Test , Run-B3 of a Design Basis Sodium Leak from the Monju IHTS -

Y Himenox, S, Miyaharax, K Kawatawx, R, Kawabex,

K. Sasakix, T.Yamadax, and K. Mivaguchix,

Abstract

Test of sodium fires in an auxiliary building of the fast reactor has been conducted
by use of a test rig in which reduced scale models of a sodium pipe, a floor lirer,
a sodium drain pipe, and a smothering tank were installed to simulate the comnfiguration
of fire mitigation systems in the reactor, In the test, a 150kg sodium at temperature
of 505 ¢ was spilted from the model sodium pipe at flow rate of 1£ /sec for 3 minutes.
Then a whole accident sequence that starts from a sodium spill and ends at a self-
extiguishment of fire within the smothering tank was studied,

From the test results obtained and through their analysis, the fellowing conclusions
were drawn,

() A whole sodium leak and fires accident sequence proceeded as expected in the Momju
design, i,e., a spilled sodium was smoothly drained into the smothering tank via the
floor liner and the drain pipe, then sodium fire was self-extinguished in the smothering
tank,

(2 In regard to the model sodium pipe, failures of the thermal insulation jackets due
to sodium corrosion and due to generated sodium combustion heat are not found,
The thermal insulation jackets kept its original geometries and functioned propely
as a barrier to prevent the dispersion.of spilled sodium into the atmosphere during
the test. No flow blockage of a spilled sodium occured both on the floor Liner and
in the drain pipe. Combustion heat of mixed fires (a columnar fire and a pool fire)
that occured within an accident cell of the test rig was determined to be 1.6 times .
of that of a pool fire, This value is not so large as expected and indicates that the
mild fires proceeds during the test,

(3 With the smothering tank, temperatures data of sodium, steel liner, perlite concrete,
and structural concrete were obtained, The data of concretes indicated that the
structural concrete was not heated so high as te interfere its structural iategrity,
A total water released from the concretes per unit surface area of the lirer during
the test was determined to be only 30 % of the reference data,

% Plant Safety Section, Safety Engineering Division, OEC,
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Table1 Composition of Perlite Concrete
Cement-Perlite | YWater- Slump | Spepific Materials
Vol Ratio Cement cm) Weight
olume Ratio (%) ton/m3 | Cement | Perlite |AE Plasticizer| Foaming Agent
P4 78 1241 | 0.9~1.0 | Fiyash B | MU | o No70 | No.50s
Perlite C
Table 2 Composition of Structural Concrete
Max. Size of Design Spepific Water- ' Slump |Air Content Materials
Coarse Aggregate| Strength | Weight |Cement Ratio y
(mm) (kaf/cm?®) | (kg/md) (%) (cm) (%) Cement |AE Plasticizer
25 240 2150 55 12+1 4~4.5 | Flyash B | Pz No.70 |

0€1-G8 T¥6NS ONd



Table 3 Test Conditions of

Sodium Feeded
Sodium Temperature

Initial Temperature of Simulated
Sodium Pipe

Temperature of Feed Air

Relative Humidity of Feed Air

151.7kg
507°C
505°C

22.9°C
62%

initial Air Flow Rate into Combustion Cell 20m3/min

0€7-G% T¥6NS ONd
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Tabled4 Test Record

Time Record Time after Initiation
of Sodium Feed
11 2 03 | Start-up of aerosol scrubber
13 : 91 Sodium feed tank and simulated
sodium pipe reached 505°C
13 39 Start-up of data acquisition
system
Trace heaters of sodium feed
13 © 33 | tank and simulated sodium
pipe were turned off
13 - 34 | Start of sodium feed 0
13 : 37 | End of sodium feed 3min05sec
. Ceiling of combustion cell .
13 . 39 5mind0sec
reached 180.6°C minavse
13 ° 4] §tart of N2 blow into combus- Zmin36sec
tion cell and test cell
16 : 08 Turn-off of data acquisition Shr3imin
system
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Table 5 Enthalpy Change in Combustion Cell

Enthalpy Change

(kcal/hr)

Sodium, Qna, out-QNa, in 2.30x10*
Ceiling Plate of Combustion Cell, Qcei 1.26 X104
Wall Plates of Combustion Cell, Quan 4.94% 10
Floor Liner in Combustion Cell, Qfigor 1.28X10°
Gas, Qgas 2.61%10%
Total, Qna, out-Qna, in+ Qceit + Quan+ Qfoor+ Qgas 2.39X10°

0E1-G8 T¥ENS JNd



Table 6 Heat Flux and Apparent Overall Heat Transfer Coefficient

Coefficient, K (kcal/m2h°C)

————_ Time (min) | 30~40 | 40~50 | 50~60 | 60~70 | 70~80 | 80~90 |90~100
Average Sodium Temp. at 50mm high
tom Floor Liner Suﬁace,?Na: €C) 208.9 | 193.6 | 179.5 | 166.4 | 154.5 | 144.2 | 134.5
Average Sodium Temp. on Floor
Liner Surface,'ﬂ; (0) 205.3 | 190.9 | 177.2 | 164.4 | 153.0 | 142.6 1‘33.5
Distance, L (m) 0.05 deo = &= = = dem
T — .
hermal Conductivity of Sodlurri, A 70,1 70.8 71 4 219 79 4 79 8 73 3
(kcal/mh°C)
Heat Flux from Sodium
to Concrete, Qnanclkcal/meh) 5050 3820 3280 2880 2170 2330 1470
Average Temp. of Perlite
| Concrete, :Fp (C) 56.0 62.5 66.9 70.2 72.5 73.9 74.5
T f
Apparent Overall Heat Transfer 33.0 | 20.8| 29.8 | 30.5| 27.0 | 33.9 | 24.5
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Note for Keys

(D Thermocouple
©Level meter
© Oxygen meter

© Aerosol concentration meter @ q) ‘@

| Combustion Cell

B Flow meter

[Sodium Feed Tankk

Test Cell

| / BUCket
All— Liner

Condenser for

Steam t Smothering

rTank

I~ Concrete

Fig.1 Arrangement of Test Rig for Run-B3
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Leak Detection System

Outer Jacket
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Fig.2 Concept of Monju Secondary Sodium Piping
with Thermal Insulation Cover
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W (7mm height)
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Pipe (SUS304,6B)
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Fig.3 Assembling of Simulated Sodium Pipe
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Simulated Sodium Pipe and lts Thermocouple
Locations
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Combustion Cell

Simulated
Sodium Pipe

(Side View) |
: Floor Liner

Sodium Drain
Pipe

Sodium Feed |
Pipe

=—Combustion
Cell

(Top View)
N

H——Simulated
S Sodium Pipe

i—— Floor Liner

Fig.5 Arrangement of Simulated Sodium Pipe
in Combustion Cell for Run-B3



Thermocouples on Steel
/ o : at upper wall surface

x : at lower wall surface
‘ ﬁ - s a -
a : at inletof Sodium Drain Pipe
4
i
N 5 x\a/ ) e ] | S

Sodium Drain Pipe

Floor Liner
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Locations (Top View)
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Fig.7 Drawing Smothering Tank
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Fig.8
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Smothering Tank and Its Thermocouple
Locations
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Fig.9 Record of Air Flow Rate into Combustion

Cell
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Fig.10 Flow Rate of Feed Sodium into Simulated
Sodium Pipe
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Fig.11 Change of Temperature at Sodium Spill Hole of
Simulated Sodium Pipe
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Fig.12 Changes of Temperature at Three Representative
Positions in Simulated Sodium Pipe
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Fig.18 Hydrogen and Oxygen Concentration Changes During the Test
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Fig.22 Local Sodium Heat Loss to
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Fig.25 Relation between Temperature and
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Fig.27 Post-Test Sodium Distribution
in Test Rig
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Sodium lLeakage from Simulated Sodium Pipe

Photo, 1
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Photo. 2 :

Simulated Sodium Pipe and Floor Liner in Combustion

Cell after the Test

Photo. 3 :

Disassembling of Simulated Sodium Pipe after the Test
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