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An Experimental Study on Fuel-Coolant Interaction Characteristics on ZrO, and UO,/ZrO,
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Abstract

TROI experiments performed at KAERI aim at identifying fuel-coolant interactions (FCI) using real reactor
material melts and water. In these experiments, ZrO, or the mixture of UO, and ZrO, was used as a molten
reactor material, and the mass of the material was 5 ~ 10kg. In the future, the mass will be increased up to 20kg.
This reactor material was melted in a cold crucible applying the induction heating method. Steam explosions
occurred twice and did not occur once in the TROI tests with ZrO,. Meanwhile, a steam explosion happened in
the test with the mixture of UO,and ZrO,. 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 and
dynamic loads to the bottom were obtained. The mean diameter of debris obtained in the FCI test with ZrO, was
about about 5cm, while that with the mixture of UO, and ZrO, was about 2 ~ 5mm. The concentration of
hydrogen which is thought to suppress a steam explosion was measured but it is negligible.
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3t 1. Sensor description in TROI tests

Name Description
IVT101, 102, 103, 104 g A, 1.0mm
IVDP101, 103 Z ol Al A
IVDL101, 102, 103, 104 Load cell
PVSP002, 003 A A
PVTO001, 002, 003 A, 1.6mm
PVDPO001, 002 ok A

3E 2. Initial condition & results for TROI tests (SE=Steam Explosion)

TROI test number 6 7 8 9
Melt Composition UO,/ ZrO, [w/o] 0/100 | 0/100 | 0/100 | 67/33
Maximum temperature [K] 4300 4250 4300 3200
Charged mass [ka] 8.21 8.185 | 7.925 | 14.23
Released mass [ka] 4.23 3.505 | 4.545 | 4.325
Free fall in gas [m] 2.5 25 2.5 2.5
Test Water mass [ka] 84 189 189 254
Section Height [m] 0.67 067 |067 [0.90
Water diameter [m] 0.4 0.6 0.6 0.6
Initial temperature [K] 292 294 297 296
Subcooling [K] 81 79 76 77
Pressure Initial pressure(air) [MPa] 0.1 0.1 0.1 0.1
Vessel Free volume [m3] 8.032 | 8.032 |8.032 |8.032
Results Maximum PV pressurization [MPa] 0.13 0.11 0.4 0.12
Maximum PV heat-up K] 30 30 5 70
Maximum water heat-up [K] - 8 10 7
Steam explosion SE NO SE NO
Dynamic pressure peak [MPa] 12 - 4.8 -
Debris Total amount [ka] 4.23 3.505 | 4.545 | 4.325
>6.35mm [kg] - - - 0.09
4.75mm ~ 6.35mm [ka] - - - 0.4
2.0mm ~ 4.75mm [ka] - - - 2.6
1.0mm ~ 2.0mm [ka] - - - 0.815
0.71lmm ~ 1.0mm [ka] - - - 0.18
0.425mm ~ 0.71mm [ka] - - - 0.14
<0.425mm [kl - - - 0.1
H, Gas Before test [ppm] - - 320 35
After test [ppm] - - 459 814




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% 18. Temperatures in the pressure vessel

in TROI-9 test
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17 17. Static pressures in the pressure vessel

in TROI-9 test
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213 19. Temperatures in the interaction vessel

in TROI-9 test
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1% 20. Sieved debris collected after FCI in TROI-9 test
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