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Abstract

Many NPP pressure vessel head nozzles were manufactured of Alloy 600. Since Alloy 600 is sus-
ceptible to PWSCC, the degradation mechanism has been observed in these nozzles. The industry
has used several methods to mitigate PWSCC, including replacement of nozzles fabricated of Alloy
690. After the replacement of the nozzle, the structural integrity analysis of new nozzle and welds
should be performed to ensure the pressure boundary compliance with the original design re-
quirement. The PWR pressurizer top head instrument nozzle is evaluated. Thermal stress of the
transients was obtained from 3D FEM analysis and residual stress of J-groove weld was obtained
from 2D FEM analysis. Stress intensities and residual stress were conservatively determined and
used for the ASME Code, stress intensity analysis, fatigue crack growth analysis and fracture me-
chanics analysis. All of the analysis showed that the repaired nozzle satisfies the ASME Code design
requirement.
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Figure 1. Penetration nozzles located at RPV
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Figure 2. Penetration nozzles located at pressurizer vessel
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Figure 3. Mid-wall repair method
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AL DALY () K MEAZ LT R R AR Tl o b W 42 Rt S0t 5, 9T PWSCC (— [B1#% 7K B /7 18
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Figure 5. The configuration of pressurizer top head instrument nozzle before and after repair
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Figure 6. 3D FEM model for thermal stress analysis
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Figure 7. Three paths selected for analysis
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Figure 8. Heatup and cooldown transients of nuclear power plant
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Table 1. The combination of the basic loads
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Wit Level A Level B Level C Level D MY
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RE(C) 345 Yes Yes Yes Yes Yes
B BES - Yes Yes
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Table 2. The allowable stress intensities for load combinations
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