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A Large-Scale Test on Sodium Leak and Fire (V)
— Demonstration Test of a Sodium Leak Accident

within the Monju Secondary Building, Run-D2-
S.Mivahara * , K Sasaki* ., T. Yamada* , Y. Himeno®

Abstract

A large-scale test of a secondary sedium leak accident has heen conducted to demonstrate
the feasibility of the Monju fire mitigation systems using two-story high concrete cell,
SOLFA-1, which simulates the Monju Secondary Building. A reduced scale-model of the Monju
THTS pipe including its thermal insulation jackets, a floor liner, a sodium drain pipe,
and a smothering tank (consisting of a fire suppression board and 2 liner) were installed
in the test cell to simulate the configration of the fire mitigation systems.

In the test, a leak of about 3 ton of sodium at the temperature of 505% was made from
the pipe with an inner pressure of 3.8kg. cfG, then a whole accident sequence starting
from a sodium feak and ending a self-extinguishment of the fire within the smothering tanmk
was studied,

Froem the test resulté, the following conclusions were obtained,

a} A whole sodium leak and fires accident sequence proceeded as posturated for the
Monju design,
b) The sodium leaked from the pige in the from of a downward columnar flow but nqt of
an upward spray because failure of the thermal insulation jackets did not eccure.
¢) The spilled sodium on the liner was led smoothly toward the smothering tank via the
drain tank,

d) Sodiuwm fires could successfully be self-extinguished in the smothering tank,

e) Break and remarkable transformation of the fire mitigation systems were not
observed, No appreciable damage was observed on the surfaces of the bare concrete

walls and the ceiling.

# Plant Safety Section, Safety Engineering Division, OEC.
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Table | Compositions of Structural Concrete
used in SOLFA-1 and in MONJU

SOLFA-1 | MONJU
Cement | Flyash B Flyash B
Materials [F8gregate Graywacke | Graywacke
Retarder Pz. No. 8
| ésdlﬁ?r;tgerAgent Pz. No. 5L _ 303A
Maximum Size of |
Coarse Aggregate  (mm) 25 25
Design Strength (kgf/cii)| 240 240
Bulk Density (kg/m')] 2150 2150
Water Cement Ratio (%) 49.6 55
Sand Percentage (9) 40.3 43
Slump (cm)) 8%2.5 12+1.5
Air Content (%) 3%1 4+1

PSS-SFE-343



Table 2 Test Conditions of Run-D2

Sodium Feeded
Sodium Temperature
Sodium Pressure

Simulated Sodium Pipe
Cross Area of Leak Hole

Initial Temperature of
Simulated Sodium Pipe

Oxygen [njection Rate

into Upper Cell

Air Flow Rate into Lower Cell
Temperature of Feed Air
Relative Humidity of Feed Air

: 2974.1 kg
: 505 °C, Hot-Leg Temperature of Monju IHTS
: 3.8 kg/cm?G, Hot-Leg Sodium Pressure of

Monju IHTS

: 1/2.6 (linear scale) of Monju ITHS Pipe

1/(2.6)2 of a 1/4 Dt Leak Hole Posturated

" for Monju IHTS Pipe
: 505 °C
: 2.2 m3/min (during Sodium Spill)

0.2 m3/min (after the end of Sodium Spill)

: 1.4 m®/min

16.0 °C

: 52.0%

PSS-SFE-344
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Table 3 Test Record of Run-D2

Time after Initiation|

Time Record of Sodium Feed

10:13|Start-up of Aerosol Scrubber

Pressurization of Cover Gas
In Sodium Heater

14:05

Start-up of Data Aquisition
System

14:44| Start of Sodium. Feed 0

14:43

Start of Ventilation in 1min 3
Lower Cell (1.3m /min) min 30sec

Start of Oxygen Injection
into Upper Cell (2,2m'/min)

15:01| End of Sodium Feed 14min 35sec

Change of Oxygen Injection
Rate (0.2m /min)

15:25|End of Oxygen Injection 39min 47sec

Drain of Sodium in
Smothering Tank

14245

5min (1sec

14:49

15:03 17min 22sec

21:20 6hr 36min

Turn-off of Data Aquisition

System 15hr 48min

6.31

PSS-SFE-345



Table 4 Enthalpy Change in Upper Cell

Enthalpy Change (kcal)

up g%;cnﬁnegsﬂf’f up to 1 hour
Sodium, Qaout—QNa, in 1.82x10% 1.82x10°
Ceiling Concrete, Qceil 7.17%10° 1.90%10°
Wall Concretes, Qwall 1.70X 10° 5.87 X 10°
Floor liner and Floor Concrete, Qfloor 1.27X10° 3.10%x10°
Gas, Qgas 5.84%10° 1.21x 104
Total, Qnaout—Qnain+ Qceil +Quall+Qfloor 3 87 10° | 11%108
+Qgas

PSS-SFE-346
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Table 5 Distribution of Residual Sodium in Test Rig after the Test

Distribution
Compartment Place : :
Weight (kg) Ratio (%)
Floor liner 217.0 7.3
Upper cell Simulated sodium pipe 10.5 | 232.9 0.4 7.9
) Sodium drain pipe 5.4 0.2
Sodium React 2961.0 99.7
) eaction 4992 .9
Lower cell | Smothering | products 613.4 20.6
| Sodium 190.5
Dump tank — 2114.7 71.2
Ceilling 2479 g
East 740 g
Upper cell South 757 & 5.9 0.2
Wall
West 687 g
North 872 g
Fire suppression board
Aerosol (Upper EL_F:rfa o) 1514 g
Ceilling | tg 10.1 0.4
Lower cell East g 1.6 0.1
South 71g
Wall
é West 9 g
North 9¢g .
Scrubber (Water pool) 3.0 0.1

PSS-SFE-347
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Table 6 Specific Weight, Compressive Strength and Young’s
Modulus of Upper Cell Concrete after the Test |

Speicific Weight Compressive Strength | Young's Modulus

Pane! {Sample (kg/m?) (kgf /cm?) (X 10%gf/om’)

No. | No. | Post-test | MemVauweof | Pre-test | Post-test | MeanValueof | Pre-test | Posttest | Mean
Data Post-test Data | Data Data PosttestData | Data Data Value
BN TN R = 39 _ KX

w2 | 2 2286 2291 2311 | 384 | 364 322 | 3.24 | 3.28

3 2276 349 3.13
EREZZE B 356 _ 3.08_

w3 | 2 2268 2275 2302 | 329 | 348 328 | 3.13 | 3.14

3 2283 359 3.22
e [ [ | B0 | | 2.84_

wd | 2 | 2304 | 2283 2311 | . 320 | 329 333 | 2.85 | 2.87

3 2273 337 2.91
T lea T [ 284 AN

3wh 2 2261 | 2248 2309 | ¢ 2715 | 2719 335 | 2.67 | 2.81

3 2243 279 2.61
R NZR N 339 3.06_

3wé 2 2285 2290 2302 | . 396 | 360 323 | 8.17 | 3.05

3 2296 345 2.91
T O A 3 [ | |- 3.24_

W7 | 2 2319 2304 2311 | 322 | 320 322 | 3.30 | 3.17
3 2283 208 2.98
s | | | 365 _ 816

3w | 2 | 2316 | 2325 2302 | . 364 | 350 323 | 2.94 | 3.08
3 2323 320 2.98

EREZH 279 _ RN A

3si 2 2273 | 2255 2302 | . 297 | 299 328 | 2.64 | 2.76
3 2265 322 2.86
N N T 8 | | 3.24_

352 2 2334 2340 2301 | 434 | 421 318 [ 3.24 | 3.36
3 2353 432 3.61

R 7 I B 271 _

3S3A | 2 2243 2222 2311 | 312 | 817 322 | 2.57 | 2.55

3 2191 307 2.37
KRN 377 335

3s8B| 2 | 2306 | . 2278 2311 | 402 | 390 322 | 3.09 | 8.20

3 2265 390 3.18
R EZTH B 250 _ 2.5

4Ct1 | 2 | 2265 2220 2302 | 252 | 250 328 | 2.64 | 2.57
3 2185 248 2.51
T 2289 | | | 360 _ 298

4C2 2 2317 2312 2311 | . 372 | 369 333 | 2.99 [ 2.96
3 2330 374 2.96
Nz R A 343 _ 2,91

4C3 2 2219 2234 23090 | 281 | 309 385 | 2.72 | 2.79
3 2244 302 2.73

PSS-SFE-348
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Fig.33 Compressive Strength of the Various Portions
in Upper Cell Concrete after the Test
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Fig.37 Temperature Changes of Lower Cell
Concrete during the Test ,
(At the point of 12mm from inner surface)
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Photo, 3 :  Sodium Leak at the

Beginning of the Test
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Photo, 4 :  Post-Test View of

the Upper Cell of SOLFA-1
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Photo, 5 :  Post-Test View of Inlet of Drain Pipe
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Photo., 8§ - : Post-Test View of Sodium and Its o “,
Reaction Products in Smothering Tark
(A part of fire suppression board is removed

for Visval Inspection)
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Photo, 7 Post-Test View of wall Concrete

Surface in Upper Cell
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Photo. 8 :  Post-Test View of Simulated Sodium Pipe
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Photo, 9 : Disassenbling of Simulated Sodium Pipe

after the Test
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Photo. 1 0 : Post-Test View of Connecting

Pipe in Simulated Sodium Pipe
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Photo, 1 1 : Non-desructive Inspection of Weld Line

of Liner in Upper Cell after the Test
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Photo, 1 2 : Non-desructive Inspection of Weld Line

of Liner in Lower Cell after the Test
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Concrete Samples for mesuring the Compressive

Strength and the Young' s Modulus






