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Cause Analysis for the Wall Thinning and Leakage of a Small Bore Piping
Downstream of an Orifice
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A number of components installed in the secondary system of nuclear power plants are exposed to aging
mechanisms such as FAC (Flow-Accelerated Corrosion), Cavitation, Flashing, and LDIE (Liquid Droplet
Impingement Erosion). Those aging mechanisms can lead to thinning of the components. In April 2013,
one (1) inch small bore piping branched from the main steam line experienced leakage resulting from wall
thinning in a 1,000 MWe Korean PWR nuclear power plant. During the normal operation, extracted steam
from the main steam line goes to condenser through the small bore piping. The leak occurred in the downstream
of an orifice. A control valve with vertical flow path was placed on in front of the orifice. This paper
deals with UT (Ultrasonic Test) thickness data, SEM images, and numerical simulation results in order
to analyze the extent of damage and the cause of leakage in the small bore piping. As a result, it is concluded
that the main cause of the small bore pipe wall thinning is liquid droplet impingement erosion. Moreover,
it is observed that the leak occurred at the reattachment point of the vortex flow in the downstream side

of the orifice.
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Fig. 1. Leak point on P&ID of steam generator ( ¥ ).

Table 1. UT inspection data

UT Inspecting Points 1 2 3 4 5 6
A 1.16 1.20 3.73 5.15 4.73 4.79

Thickness. mm B 1.43 0.94 3.73 4.68 4.64 478
’ C 1.89 1.25 3.84 4.58 4.69 4.68

D 1.27 2.15 3.36 5.01 5.00 5.14
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Fig. 2. UT inspection and leak points.
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Fig. 4. Valve configuration.
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Fig. 5. Configuration of analysis model.
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Table 2. Operating conditions

Items Before orifice After orifice
Pressure, bar 75.27 72.51
Temperature, °C 291.68 289.15
Steam Quality 0.975 0.968
Flow Rate, kg/hr 90.72 90.72
Table 3. Fluid properties
Items Stem Liquid
Density, kg/m’ 38.62 733.71
Viscosity, Pa-s 1.92x10° 9.32x107
Surface Tension, mN/m| 16.86
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Fig. 9. Steam velocity vector of size 1 um.
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Fig. 10. Steam velocity vector of size 10 pm.
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Fig. 11. Steam velocity vector of size 20 pm.
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Fig. 12. Liquid droplet volume fraction and velocity vector of
size 1 um.
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Fig. 13. Liquid droplet volume fraction and velocity vector of
size 10 pm.
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Fig. 14. Liquid droplet volume fraction and velocity vector of
size 20 pm.
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