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Steam Explosion Experiments using ZrO;

Jin Ho Song, Hee Dong Kim, Seong Wan Hong, 1k Kyoo Park, Yong Seung Shin,
Byung Tae Min, Jong Hwan Kim, Young Jo Chang

Key Words: Steam Explosion(37] %), Cold Crucible(2 &8 &), Corium(ZF)
Abstract

Korea Atomic Energy Research Institute (KAERI) launched an intermediate scale steam explosion
experiment named "Test for Real cOrium Interaction with water (TROD)" using reactor material to
investigate whether the molten reactor material would lead to energetic steam explosion when interacted
with cold water at low pressure. The melt-water interaction experiment is performed in a pressure
vessel with the multi-dimensional fuel and water pool geometry. The novel concept of cold crucible
technology, where powder of the reactor material in a water-cooled cage is heated by high frequency
induction, is firstly implemented for the generation of molten fuel. In this paper, the test facility and
cold crucible technology are introduced and the results of the first series of tests were discussed. The
S kg of molten ZrO, jet was poured into the 67cm deep water pool at 30 ~ 95 °C. Either spontaneous
steam explosions or quenching was observed. The morphology of debris and pressure wave profiles
clearly indicate the differences between the two cases.
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Table 1 Thermo-physical properties of molten metal

Corium Zr0, Alumina
Density (kg/m3) 7.990 5,990 2,600
Specific Heat (kJ/kgK) 0.533 0.815 1.4
Conductivity (W/ mK ) 3.45 14 8
Melting temperature (K) 2,873 2,973 2,325
Heat of Fusion (MlJ/liter) 3.17 4.23 4.05
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Table 2 Initial conditions and results of tests

TROI! test number Unit 1 2 3 4 5
Melt Composition UO2 / ZrO2 /Zr fw/o] | 0/99/1 0/99/1 | 0/99/1 | 0/99/1 | 0/98/2
Temperature [K] >3373 >3373 | >3373 | >3373 | 3900
Charged mass kgl 8.01 8.4 7.8 7.2 6.4
Initiator mass kel 0.1 0.1 0.1 0.1 0.1
Released mass kgl 5 5.5 4.88 4.2 2.9
Initial jet diameter [m] 0.037 0.052 0.060 0.028 0.038
Free fall in gas fm] 2.5 2.5 2.5 2.5 2.5
Test Water mass [kg] 283 283 283 283 283
Section Height [m] 0.67 0.67 0.67 0.67 0.67
Cross section [m2] 0.42 0.42 0.42 0.42 0.42
Initial temperature [K} 365 365 323 292 337
Subcooling K] 5 8 50 81 36
Pressure Initial pressure(air) [MPa] | 0.1 0.1 0.1 0.1 0.1
Vessel Free volume fm3] 8.032 8.032 8.032 8.032 8.032
Results Maximum PV pressurization [MPa] | 0.02 0.008 0.01 0.03 0.035
Maximum PV heat-up K] 15 20 25 37 40
Maximum water heat-up K] 4 10 10 - -
Steam explosion SS NO NO SE SE
Dynamic pressure peak [MPa] | 1 - - 2.1 0.9
Debris Total amount kgl 2.2 5.5 4.88 4.256 3.02
Crust(>50mm) kgl 0.98 2.54 2.56 1.36 0.62
Crust(10~20mm) kel - - - 0.76 0.58
Particle(10~20mm) kel 0.2 2 1.12 0.18 0.04
Particle-dominated(2~5mm) kgl 0.67 0.67 0.77 1.116 0.74
Particle(710m~2mm) kgl 0.15 0.25 0.35 0.54 0.54
Fine particle(<710 m ) kgl 0.04 0.04 0.08 0.26 0.5
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Fig. 10 Containment temperature measured Fig. 11 Containment temperature measured in
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Fig. 12 Debris Configuration ( a. Crust 5-10 cm, b.
Crust 1-2 cm, c. Pebble, 1-2 cm, d: Particle:
2-5 mm, e: particle: 2-0.7 mm, f: powder <
0.7 mm)
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