
Technical SDecification 4.2.b.4

Steam generator tubes found with less than the minimum wall thickness criteria 
determined by analysis, as described in WCAP-7832(1)(2 ), must either be repaired 
to be kept in service or removed from service by plugging.  

Steam generator tube plugging is a common method of preventing 
primary-to-secondary steam generator tube leakage and has been utilized since the 
inception of PWR nuclear reactor plants. This method is relatively uncomplicated 
from a structural/mechanical standpoint as flow is cut off from the affected tube 
by plugging it in the hot and cold leg faces of the tubesheet.  

To determine the basis for the sleeve plugging limit, the minimum sleeve wall 
thickness was calculated in accordance with the ASME Code and is consistent with 
Draft Regulatory Guide 1.121 (August 1976).  

For the Westinghousc mechanical sleeves, the sleeve plugging limit of 31% is 
applied to the sleeve as shown on Figure TS 4.2-1. The sleeve plugging limits 
allow for eddy current testing inaccuracies and continued operational degradation 
per Draft Regulatory Guide 1.121 (August 1976).  

Repair by sleeving, or other methods, has been recognized as a viable alternative 
for isolating unacceptable tube degradation and preventing tube leakage.  
Sleeving isolates unacceptable degradation and extends the service life of the 
tube, and the steam genera . Tube repair, by sleeving in accordance with 
WCAP-11643Co and WCAP-13088-, has been evaluated and analyzed as acceptable.  
The Westinghouse mechanical hybrid expansion joint (HEJ) sleeve spans the 
degraded area of the parent tube in the tubesheet region. The sleeves are either 
36", 30" or 27" to allow access permitted by channel head bowl geometry. The 
sleeve is hydraulically expanded and hard rolled into the parent tubing.  

")WCAP 7832, "Evaluation of Steam Generator Tube, Tube Sheet, and Divider Plate 
Under Combined LOCA Plus SSE Conditions." 

(E. W. James, WPSC, to A. Schwencer, NRC, dated September 6, 1977.  

(3'WCAP 11643, Kewaunee Steam Generator Sleeving Report, Revision 1, November 
1988 (Proprietary).  

~WCAP 13088, Revision 3, "Westinghouse Series 44 and 51 Steam Generator Generic 
Sleeving Report," January 1994.  
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The pressure boundary for HEJ sleeves is shown on Figure TS 4.2-1. The pressure 
boundary used to disposition parent tube indications (PIs) detected in the upper 
joint of HEJ sleeved tubes is discussed in WCAP-146410).. The pressure boundary 
will allow PTIs located such that there is a minimum diameter change of 0.003 
inch (plus an allowance for NDE uncertainty) between the peak diameter of the 
sleeve hardroll, and the diameter at the elevation of the PTI, to remain in 
service. The 0.003 inch interference lip is derived from structural and leakage 
testing. When inspecting and dispositioning the PTIs, the acceptance criteria 
will be adjusted to account for measurement uncertainties associated with the 
technique used to measure the relative change in ID sleeve diameters. During 
field application, the PTI elevation will be measured by comparing the diameter 
reported at the peak amplitude of the flaw, and the diameter at the center of the 
plus point coil's field, and using the more conservative of the two diameters to 
perform the AD determination. Application of the pressure boundary for HEJ 
sleeved tubes provides allowance for leakage in a faulted loop during a 
postulated steam line break (SLB) event. A SLB leakage of 0.025 gpm is assumed 
for each applicable indication. Steam line break leakage from all sources must 
be calculated to be < 34 gpm in the faulted loop. Maintenance of the 34 gpm 
limit ensures off-site doses will remain within a small fraction of the 
10 CFR Part 100 guidelines for a SLB.  

Topical CEN-.629-P .describes three types of Combustion Engineering leak tight 
sleeves. The first type, the straight tubesheet sleeve, spans the degraded area 
of the parent tube in the tubesheet crevice region. The sleeve is welded to the 
parent tube near each end. The second type of sleeve is a fl depth tubesheet 
sleeve which is welded near the sleeve upper end and hard rolled into the tube 

.tube.sheet at the s.eeve lower end. A variation.on.te tbesheet sleeve 
design.is.the use of a pre-.cu.ved sleeve whicha.....access to the outer 
peiphery.of the tube bundle. The third type of sleeve, the tube support plate 
sleeve, spans the degraded area of the tube support plate and is installed up to 
the sixth support plate. Tis sleeve is welded to the parent tube near each end 
of the sleeve. CEN-632-P > describes the steps r'equired to re-sleeve tubes 
which have existing J1ED sleeves. This report describes the sleeved/tube 
preparation, re-sleve installation and the design of a leak tight .u depth 
tubesheet sleeve.th. ....to 39 inches in length....  

Two types of Westinghouse laser welded sleeves can be installed, tube support 
plate sleeves and tubesheet sleeves.  

~WCAP-14641, "HEJ Sleeved Tube Structural Integrity Criteria: Diameter 
Interference at PTIs," April 1996.  

>EN-629-P Revision 2, "Repair of Westinghouse Series 44<and.51 Steami Generator 
Tubes Using Leak Tight.Sleeves," January 1997.  

E4-632-P, "Repair of Kewaunee Steam Generator Tubes Using a.Resleeving 
Technique," April 1997, 
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The tube support plate sleeve is 12" long and spans the degraded area of the tube 
adjacent to the support plate intersection. The tube support plate sleeve is 
hydraulically expanded and laser welded at each end. The pressure boundary 
portion of the tube support plate sleeve is the weld and the sleeve section 
between the welds. Tubesheet sleeves extend from the tube end to above the top 
of the tubesheet. Standard and bowed or peripheral tubesheet sleeves can be 
installed. The upper or free span joint is hydraulically expanded and laser 
welded. The lower joint is hydraulically expanded and roll expanded. Standard 
tubesheet sleeves extend from 27" to 36" in length while bowed tubesheet sleeves 
extend from 30" to 36" in length. The pressure boundary portion of the tubesheet 
sleeve is the weld and below, down to the tubesheet primary face.  

The hydraulic equivalency ratios for the application of normal operating, upset, 
and accident condition bounding analyses have been evaluated. Design, 
installation, testing, and inspection of steam generator tube sleeves requires 
substantially more engineering than plugging, as the tube remains in service.  
Because of this, the NRC has defined steam generator tube repair to be an 
Unreviewed Safety Question as described in 10 CFR 50.59(a)(2). As such, other 
tube repair methods will be submitted under 10 CFR 50.90; and in accordance with 
10 CFR 50.91 and 92, the Commission will review the method, issue a significant 
hazards determination, and amend the facility license accordingly. A 90-day time 
frame for NRC review and approval is expected.  

Technical Specification 4.2.b.5 

The repair limit of tubes with degradation attributable to outside diameter 
stress corrosion cracking contained within the thickness of the tube support 
plates is conservatively based on the analysis documented in WCAP-12985, 
"Kewaunee Steam Generator Tube Plugging Criteria for ODSCC at Tube Support 
Plates" and EPRI Draft Report TR-100407, Rev.1, "PWR Steam Generator Tube Repair 
Limits - Technical Support Document for Outside Diameter Stress Corrosion 
Cracking at Tube Support Plates." Application of these criteria is based on 
limiting primary-to-secondary leakage during a steam line break to ensure the 
applicable 10 CFR Part 100 limits are not exceeded.  

The voltage-based repair limits of TS 4.2.b.5 implement the guidance in Generic 
Letter 95-05 and are applicable only to Westinghouse-designed steam generators 
with outside diameter stress corrosion cracking (ODSCC) located at the tube-to
tube support plate intersections. The voltage-based repair limits are not 
applicable to other forms of tube degradation nor are they applicable to ODSCC 
that occurs at other locations within the steam generators. Additionally, the 
repair criteria apply only to indications where the degradation mechanism is 
predominantly axial ODSCC with no indications extending outside the thickness of 
the support plate. Refer to GL 95-05 for additional description of the 
degradation morphology.  

Implementation of TS 4.2.b.5 requires a derivation of the voltage structural 
limit from the burst versus voltage empirical correlation and the subsequent 
derivation of the voltage repair limit from the structural limit (which is then 
implemented by this surveillance).  
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The voltage structural limit is the voltage from the burst pressure/bobbin 
voltage correlation, at the 95 percent prediction interval curve reduced to 
account for the lower 95/95 percent tolerance bound for tubing material 
properties at 650*F (i.e., the 95 percent LTL curve). The voltage structural 
limit must be adjusted downward to account for potential flaw growth during an 
operating interval and to account for NDE uncertainty. The upper voltage repair 
limit, VURL, is determined from the structural voltage limit by applying the 
following equation: 

VURL = VSL - VGR - VNDE 

Where VGR represents the allowance for flaw growth between inspections and V 
represen s the allowance for potential sources of error in the measurement of te 
bobbin coil voltage. Further discussion of the assumptions necessary to 
determine the voltag!e repair limit are discussed in GL 95-05.  

The mid-cycle equation should only be used during unplanned inspection in which 
eddy current data is acquired for indications at the tube support plates.  

Technical Specification 4.2.b.6 

Tubes with indications of degradation in either the original factory roll 
expansion in the tubesheet or the unexpanded portion of tube within the tubesheet 
may be dispositioned for continued service or repaired through application-of the 
F* or EF* criteria. The F* and EF* criteria are described in WCAP-14677 8 . The 
F* and EF* criteria are established using guidance consistent with RG 1.121.  
Neither the F* or EF* criteria will significantly contribute to offsite dose 
following a postulated main steam line break such that contributions from these 
sources need to be included in offsite dose analyses. Inherent to these criteria 
is the ability to perform an additional roll expansion of the tube, either as an 
extension of the original factory roll expansion, in which case F* criteria 
applies, or in the area starting approximately 4" below the top of the tubesheet, 
in which case EF* criterion apply. The additional roll expansion procedure can 
be applied over existing degradation, provided the F* or EF* requirements for 
non-degraded roll expansion lengths of 1.12" (plus an allowance for NDE 
uncertainty) and 1.44" (plus an allowance for NDE uncertainty), respectively, are 
satisfied. The NDE uncertainty applied to the F* and EF* distance is a function 
of the eddy current probe and technique used. Current state-of-the art 
inspection technology will be used with implementation of the F* and EF* 
criteria. The uncertainty in such inspections has been shown to be as small as 
0.06", however, for field application, an eddy current uncertainty of 0.20" will 
be applied. Any and all indications of degradation existing below the F* or EF* 
distance is acceptable for continued service.  

EWCAP 14677, F* and Elevated F* Tube Alternate Repair Criteria for Tubes With 
Degradation Within the Tubesheet Region of the Kewaunee Steam Generators, 
June 1996 (Proprietary).  
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