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Abstract

A series of steam explosion experiments using real core materials of ZrO, and corium(a mixture of ZrQ,and UQ,) has been performed
to evaluate the risk of steam explosion load in nuclear power plants. Surprisingly, spontaneous steam explosions are observed for both
materials, which have been thought to be inexplosive so far. The dynamic pressure and morphology of the debris clearly indicate the

evidence of an explosion. The experimental results also indicate that ZtO, is more explosive than corium.
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Dpyrometer

PV= Pressure Vessel
W+ Interaction Vessel

SP= Static Pressure

T = Temperature

DP= Dynamic Pressure
DL= Dynamic Load
GAS= Gas Sampling
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H 1. Sensor description in TROI tests
Parameter Semmg Sensor description
location
IVT101 ~ Imm,
Coolant temperature IVT104 Thermocouple
Dynamic pressure in IVDPI01 ~ PCB model 112A
the coolant IVDP104 <60MPa
Dynamic load at the PCB model
testsectionbotom | YOO 910850 <50000 Iy
ten? ?r?tfﬁ??lrlethe PVTO001 ~ 1.6mm,
P PVT005 Thermocouple

_pressure vessel

Transient pressure in FVSPI Druck model
the furnace vessel PMP4060 <35bar

Transient pressure in PVSP002, Druck model
the pressure vessel PVSP003 PMP4060 <35bar

Dynamic pressure in PVDP004, PCB model 112A
the pressure vessel PVDP005 <20MPa
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3t 2. Initial conditions and test results
TROI test number Unit | 14 15
Date | 12/07/01| 01/17/02
Melt Initial Charge Composition| [w/o] | 70/30 0100
U02/Zx02
Temperature K] 3000 3750
Charged mass (ke 13.7 9.5
Initiator mass [ke] 0.1 0.1
Released mass kgl | 6.545 2280
Initial jet diameter [m] - -
Free fall in gas [m] 38 3.8
Test Water mass kg) 189 189
Section | Initial Height [em] | 67 67
Final height [m] - -
Cross section [m2] | 0.283 0.283
Initial temperature K] 285 290
Sub-cooling X1 88 83
Pressure | Initial pressure(air) [MPa]| 0.105 0.104
Vessel | Free volume [m3] | 8032 8.032
Results | Maximum PV pressurization | [MPaj| 0.015 0.007
Time to reach peak [sec] | 2 3
Maximum PV heat-up K] 30 5
Time to stabilize [sec] | <1 30
Maximum water heat-up K] 12 41
Time to reach peak [sec] | <1 20
Steam explosion SE SE
Dynamic pressure peak [MPa]} 0.8 11.5
Duration usec | 0.5ms | 0.25ms
Impulse kN 210 >250
Duration psec | 13ms 10ms
Debirs | Total [kg] | 6.545 2.280
>6.35mm kel | 0.290 0.465
4.75mm ~ 6.35mm kgl | 0455 0.135
2.0mm ~ 4.75mm kel | 2525 | 0275
1.0mm ~ 2.0mm [kg] | 1.145 0.330
0.71mm ~ 1.0mm kgl | 0475 0.120
0.425mm ~ 0.71mm ke] | 0.630 [ 0245
<0.425mm (kg] 1.025 0.710
H2 gas | Before/After the interaction | [ppm] | 93/1200 | 4/3
Mass [g] 0.79 0.002
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2% 2. Melt temperature in TROI-14 test
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1% 3. Dynamic pressures in TROI-14 test
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71¥) 4. Dynamic loads in TROI-14 test
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1% 5. Debris distribution in TROI-14 test
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1% 6. Melt temperature in TROI-15 test
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2% 7. Dynamic pressures in TROI-15 test
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2% 8. Dynamic loads in TROI-15 test
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218 9. Debris distribution in TROI-15 test
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