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Abstract

The results of the steam line rupture experiment series in 2007 with the scaled
down PPOOLEX test facility designed and constructed at Lappeenranta Univer-
sity of Technology are reported. The test facility is a closed stainless steel vessel
divided into two compartments, dry well and wet well. Air was blown into the dry
well compartment and from there through a DN200 blowdown pipe to the con-
densation pool. Altogether five experiments, each consisting of several blows
(tests), were carried out.

The main purpose of the experiment series was to study the initial phase of a
postulated steam line break accident inside a BWR containment. Specifically,
thermal stratification in the dry well compartment and ejection of water plug from
the blowdown pipe were of interest. In addition, the effect of counterpressure on
bubble dynamics was studied.

A temperature difference of approximately 15 °C between the upper and lower
part of the dry well was measured. In the wet well gas space, a temperature dif-
ference of more than 30 °C was registered. These were measured during the
compression period of the tests. Towards the end of the tests the temperature
differences tended to disappear. To get a more detailed picture of temperature
distribution in the wet well, especially close to the water level, a dense net of
measurements is required in future experiments. In longer experiments, heat
conduction to structures and heat losses to surroundings should also be taken
into account.

Ejection of water plugs from the blowdown pipe did not cause notable loads to
the structures due to the suppressing effect of the dry well compartment. The
maximum measured pressure pulse at the pool bottom was only 10 kPa and the
maximum strain amplitude at the pool bottom rounding was negligible both in
axial and circumferential direction.

As the counterpressure of the system increased, but the flow rate remained the
same, the maximum size of the air bubbles at the blowdown pipe outlet got
smaller and smaller. Furthermore, the magnitude of pressure oscillations in the
wet well pool decreased with increasing counterpressure. Correspondingly, the
formation frequency of bubbles increased with increasing counterpressure.
Meanwhile, flow rate had no effect on the bubble formation frequency.
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Pressure and temperature at the blowdown pipe outlet.
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Strain gauges on the outer wall of the pool.
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Measurement | Code | Elevation |Angle Location Error estimation
Pressure P1 545 214 Blowdown pipe +0.7 bar
Temperature T1 545 245 Blowdown pipe +1.8 °C
Temperature T2 1445 245 Blowdown pipe +1.8 °C
Temperature T3 2345 245 Blowdown pipe +1.8 °C
Pressure P4 3160 20 Wet well gas space +0.4 bar
Temperature T4 3410 20 Wet well gas space +1.8 °C
Pressure P5 395 198 | Blowdown pipe outlet +0.7 bar
Temperature T5 420 198 | Blowdown pipe outlet +1.8 °C
Pressure P6 -1060 225 Wet well bottom +0.5 bar
Temperature T6 -1060 225 Wet well bottom +1.8 °C
Temperature T7 2585 20 Wet well +1.8°C
Temperature T8 1760 20 Wet well +1.8 °C
Pressure P1101 5700 90 Dry well +0.06 bar
Temperature | T1104 -245 180 Outside wall +2.9°C
Temperature | T1105 6780 - Dry well top +3.2 °C
Temperature | T1107 6085 45 Dry well middle +3.2 °C
Temperature | T1108 4600 120 Dry well bottom +3.2 °C
Temperature | T1109 5790 225 | Dry well lower middle +3.2 °C
Temperature | T1103 800 120 Wet well +2.9 °C
Flow rate F1101 5700 - Inlet plenum +99 g/s
Pressure P1102 5700 - Inlet plenum +0.06 bar
Temperature | T1106 5700 - Inlet plenum +3.2 °C
Pressure P1103 - - Air/steam line +0.06 bar
Pressure diff. | D1100| 100-2700 | 120 Wet well +0.06 m
Pressure diff. | D1101 | 2700-3820 | 120 Across the floor +0.10 bar
Flow rate F1100 - - Steam line +4.91/s
Temperature | T1102 - - | At the steam line vortex +3.6 °C
Pressure P1100 - - | At the steam line vortex +0.5 bar
Flow rate F9001 - - Air line +2.7 /s / 30 g/s
Temperature | T9001 - - At the air line vortex +3.0 °C
Pressure P9002 - - At the air line vortex +15.6 kPa
Pressure P9000 - - Air tank 1 +10.8 kPa
Temperature | T9000 - - Air tank 1 +3.0 °C
Pressure P9001 - - Air tank 2 +10.8 kPa
Temperature | T0O460 - - Air tank 2 +3.0 °C
Strain S1 -400 0 Bottom segment Not defined
Strain S2 -400 0 Bottom segment Not defined
Strain S3 -265 180 Bottom segment Not defined
Strain S4 -265 180 Bottom segment Not defined
Vertical pool | Z-axis - - Below pool bottom Not defined
movement
Valve position | X1100 - - Not defined

Measurements in the PPOOLEX facility.
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APPENDIX 2: TEST FACILITY PHOTOGRAPHS
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Inlet plenum.
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Pressure and temperature measurements at the blowdown pipe outlet.
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