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Steam Generator Tube Overationai 
...... . 
~xper1ence 

[Indian Point 2 Eve.!lt 1 Nude~r 'RPnctors I NRC Home Pa2e] 

Early. com_mercial nuclear power plant steam generator rubes were formed from Alloy 600, a 
corrosion-resistant Pigh-niekel alloy. Early supplies of the AHoy 600 tubes were provided in a mill-anneal 
condition. Most of the steam generator tubes which have required plugging over the years have been 
rni!l-anneoled Alloy 600 tubes. Information on the operational experience with Alloy 600 tubes can be 
found in t.l-te follmving NRC Information Notices: 

• IN 9R-?7 "StP.Hffi Generator Tube End Crackin2:" 

eo Ll>...f 97-88. "Experience" During Rece-nt ~te~m GP:nerator Tnsoections" 

• IN 97-49. "B&W Once-Th~ough Steam Generator Tube Inspection Findings" 

• IN 97-26 "neor::~clation in Small-Radius U-Bend Regions of _Steam Generator Tubes" 

e 1J'.j" 96-38. "Results of Steam Generator Tube ~xamin~tinn_~" 

• n,;r 94-62. "Ont::tational Exuerience on S.tea.11 Generator Tube Leaks and Tuhe Rnntures'! 

• IJ'-! 90-49. "Stress rorrosion Cr::~c.kin(J in PWR Steam Generator Tubes'' 

Subsequently, steam generator tube manufacturers detenrJned that by thermally treating the Alloy 600 
material for later tubes, the corrosion resistance of the tubes was improved Industry experience with 
theuually treated Alloy 600 stea..."Tl generator tubes suggests that these tubes are more resistant to in-service 
crac¥-ing d:mn mill-annealed Alloy 600 tubes. A few indications of degradation in thermally treated Alloy 
600 tubes have been reported, however, a.Tld ane is discussed in IN 97-26~ listed above. 

No".v, most sieam generator tubes for new steam generators are being fabricated from thermally treateC 
Alloy 690, fu'1 alloy \V.ith a higher a...-nount of cP.rowium and reduced amount of nickeL Alloy 690 is 
consider~d to be very resistant to u;e types of degradation experienced by the .AJ.loy 600 tnhes. At this time, 
the NRC staff is noi aware of any primary br secondary side cracking in ~A.JJoy 690 tubing. 

Some tubes have also been plugged due to fretting and denting, degradation mechanisms due to the deSign 
of the support plates and anti vibration bars and the presence of loose pa..'"ts, rather tha..'1 th.e tubing material 

In the 20 years pl'eceding the failure at Indian Point 2 on Februa..')' 15, 2000, there had been seven steam 
generator tube ruptures in cornmerciai nuclear power plaa1ts, all in tubes fabricated from IT'..i1l-a.rmealed 
Alloy 600. The last tube nrpture occurred in 1993 at Palo Verde.; TJnit 2. It is considered a tube rupture 
rather than merely tube leakage when tube leakage of reactor coolant exceeds the makeup capacity. SeL 
Table 1 for information about the seven tube ruptures. 
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There are other cases where defects have grown through the thickness of the tube waii, and caused the tube 
to leak. In these cases, either the plant was shut down due to the tube leakage, or the through-wall defect 
wa< n"tected as a result of the tube insoection during a plant outage . 
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