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Abstract

In the TROI experiments, the characteristics of a steam explosion have been studied using the melt of the real
reactor material (corium) and water. In these experiments, the mixture of UO, and ZrO, (corium, 70:30) was
used as a molten reactor material, and the mass of the material was 5 ~ 10kg. Total 5 experiments have been
performed at atmospheric pressure and at room temperature. Steam explosions occurred three times and did not
occur twice among the experiments. The data acquired in the tests were static pressures and temperatures in the
pressure vessel and the interaction vessel. Also, in case of a steam explosion, dynamic pressures in the
interaction vessel and dynamic loads to the bottom were obtained. In case of a steam explosion, a dynamic
pressure reached 7.0MPa and a dynamic load was measured to be 250kN. The size of debris after a steam
explosion was very fine compared with those without a steam explosion. However, the concentration of
hydrogen which is thought to suppress a steam explosion was found to be negligible.
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1. Sensor description in TROI tests

Parameter

Sensing location

Sensor description

Coolant temperature

IVT101 ~IVT104

1mm, Thermocouple

Dynamic pressure in the coolant

IVDP101 ~ 1VDP104

PCB model 112A <60M Pa

Dynamic load at the test section bottom

IVDL101

PCB model 210B50 <50000 I by

Atmosphere temperature in the pressure

vessel

PVT001 ~ PVTOOS

1.6mm, Thermocouple

Transient pressure in the furnace vessel

FVSP1

Druck model PM P4060 <35bar

Transient pressure in the pressure vessel

PV SP002, PV SPO03

Druck model PM P4060 <35bar

Dynamic pressure in the pressure vessel

Pv DP004, PV DP0O05

PCB model 112A <20MPa

2. Initial condition & results for TROI tests (SE=Steam Explosion)

TROI test number Unit 9 10 11 12 13
Melt Initial Charge Composition| [w/0] 67/32/1 | 69/30/1 | 69/30/1 | 69/30/1 | 69/30/1
uo2/ zrO2 /Zr
Temperature K] 3200 3800 4150 3800 2600
Charged mass [ka] 14.23 13.7 13.7 13.7 13.7
Initiator mass [kd] 0.1 0.1 0.1 0.1 0.1
Released mass [kd] 4.325 8.675 9.185 8.360 7.735
Initial jet diameter [m] - - - - -
Freefal in gas [m] 25 25 25 25 25
Test Water mass [kd] 254 189 189 189 189
Section | Initial Height [cm] 90 67 67 67 67
Final height [m] - - - 50 55
Cross section [m2] 0.283 0.283 0.283 0.283 0.283
Initial temperature K] 296 298 296 293 292
Sub-cooling K] 77 75 77 80 81
Pressure | Initial pressure(air) [MPa] 0.1 0.117 0.111 0.11 0.108
Vessl Free volume [m? 8.032 8.032 8.032 8.032 8.032
Results | Maximum PV pressurization | [MPa] 0.01 0.012 0.01 0.008 0.016
Time to reach peak [seq] 18 25 3 2 <1
Maximum PV heat-up [K] 70 17 50 14 23
Timeto stabilize [sec] 15 15 20 <7 <1
Maximum water heat-up [K] 6 48 20 17 24
Time to reach peak [sec] 18 3 12 <1 <1
Steam explosion NO SE NO SE SE
Dynamic pressure peak [MPa] - ? - 1.0 7.0
Duration nsec - - - Ims Ims
Impulse kN - - - 210 250
Duration nseC - - - 16ms 15ms
Debirs | Tota [kq] 4.325 8.675 9.185 8.360 7.735
>6.35mm [kq] 0.09 0.435 1.49 0.295 0.620
4.75mm ~ 6.35mm [kq] 0.4 0.725 1.365 0.390 0.245
2.0mm ~4.75mm [kq] 2.6 3.39 4.8 3.385 2.675
1.0mm ~ 2.0mm [kq] 0.815 2.025 1.25 1.715 1.225
0.71mm ~ 1.0mm [kq] 0.18 0.64 0.235 0.580 0.540
0.425mm ~ 0.71mm [kq] 0.14 0.705 0.04 0.805 0.965
<0.425mm [kq] 0.1 0.755 0.05 1.190 1.465
H2gas | Before/After theinteraction | [ppm] 35/814 | 90/1502 | 31/18 33/1239 | 188/165
Mass [a] 0.54 0.98 0.012 0.82 0.11




PV=Pressure Vessel
IV =Interaction Vessel

SP=Static Pressure

T =Temperature
DP=Dynamic Pressure
DL=Dynamic Load
GAS=Gas Sampling
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1. Schematic diagram of TROI facility
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2. Melt temperature in TROI-9 test 3. Static pressures in the pressure vessel
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6. Sieved debris distribution in TROI-9 test
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7. Melt temperature in TROI-10 test 8. Static pressures in the pressure vessel
in TROI-10 test
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11. Sieved debris distribution in TROI-10 test



16. UO2 pelletsin the debrisin TROI-11
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18. Photographs of steam explosion process
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20. Dynamic pressures in the interaction vessel
in TROI-12 test
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21. Dynamic load onto the interaction vessel 22, Static pressures in the pressure vessel
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25. Sieved debris distribution in TROI-12 test
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26. Melt temperature in TROI-13 test
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