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INTRODUCTION 

Wisconsin Public Service Corporation (WPSC) is submitting this proposed Technical 
Specification (TS) amendment to redefine the pressure boundary for Westinghouse mechanical 
hybrid expansion joint (HEJ) steam generator (SG) tube sleeves. The existing TS, illustrated 
on Figure TS 4.2-1, defines the tube pressure boundary for the upper HEJ sleeve joint as the 
entire hydraulically expanded region of the tube. In 1994 and 1995, eddy current examination 
of the upper sleeve joint detected a significant number of parent tube indications (PTIs) below 
the upper hardroll yet still within this expansion region. In accordance with the TS, these SG 
tubes were removed from service by plugging resulting in a reduced power condition for the 
Kewaunee Nuclear Power Plant (KNPP). Subsequent analyses, evaluations and tests have shown 
that the geometric configuration of the sleeve-to-tube expansion continues to provide sufficient 
structural integrity and leakage resistance for a completely separated parent tube provided the 
PTI is located within or below the hardroll lower transition (HRLT), and there is an interference 
lip present, refer to Figure 1. Most of the sleeved tubes that were plugged at KNPP fall into 
the category of still having adequate structural and leakage integrity.  

This proposed revision to the TS redefines the portion of the tube in the upper HEJ which is 
considered part of the pressure boundary. This redefinition of the pressure boundary provides 
adequate structural integrity relative to the guidance of Regulatory Guide 1.121, and leakage 
integrity relative to 10 CFR part 100 guidelines. The proposed pressure boundary revision is 
based on analytical evaluations, the results of prototypic testing, and the results of destructive 
examinations and tests of HEJ specimens removed from the Kewaunee SGs in April of 1995.  
The culmination of these test results show that sufficient integrity is provided when there is a 
difference of 0.003 inch or more between the maximum hardroll diameter of the sleeve, and the 
diameter at the elevation of the PTI peak amplitude; i.e. there is an interference lip of 0.003 
inch or more.  

The proposed pressure boundary redefinition will allow PTIs located such that there is a 
minimum diameter change of 0.003 inch (not including an allowance for measurement 
uncertainty) between the maximum point of the sleeve hardroll, and the diameter at the elevation 
at the PTI peak amplitude, to remain in service. Additionally, each sleeved tube with a PTI 
located in the HRLT such that there is a change in diameter of 0.003 inch to 0.013 inch, will 
be assigned a bounding primary-to-secondary steam line break (SLB) leakage value of 0.025 gpm 
per indication. Indications located such that there is a change in diameter of greater than 0.013 
inch will not contribute to the SLB leakage. The total number of indications remaining in 
service will be limited such that the primary-to-secondary leakage during a postulated SLB will 
not exceed a small fraction of the 10 CFR part 100 guidelines. For KNPP this has been 
calculated to be 34.0 gpm for the faulted loop.
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BACKGROUND 

The KNPP SGs have been experiencing tube wall degradation attributed to outside diameter 
intergranular attack and outside stress corrosion cracking (ODSCC). As a result of this 
degradation significant tube plugging and sleeving has been required. Tube plugging initially 
began in 1983 as a corrective action measure. During the 1988 and 1989 outages a large scale 
preventative sleeving program was implemented in the hot leg tube sheet crevice region. All 
of the sleeves installed were Westinghouse mechanical HEJs. Additional sleeving occurred in 
1991 using the Westinghouse HEJs, and in 1992 with the Combustion Engineering welded 
sleeves. As a result of these sleeving programs a total of 2195 HEJs and 12 CE sleeves were 
installed in SG A, and 2133 HEJs and 4 CE sleeves were installed in SG B.  

During the 1994 refueling outage the upper HEJs were inspected using the I-coil, a motorized 
rotating pancake coil (MRPC) probe developed for sleeve inspections. A total of 77 
circumferential crack-like indications were detected in the parent tube, i.e. PTIs. Sixty-six of 
the indications were within the pressure boundary defined on Figure TS 4.2-1, and were 
removed from service by plugging the tube. The remaining 11 indications were below the upper 
joint pressure boundary. In 1995, the upper HEJs were examined with the MRPC +Point 
probe. During this inspection 753 PTIs were detected; 657 in the TS defined pressure boundary 
and 92 below the pressure boundary. The 657 PTIs located within the defined pressure 
boundary were removed from service by plugging the tubes. Three specimens were removed 
from SG B for testing and destructive evaluation.  

When the PTIs were first- detected in 1994, analysis and prototypic testing were performed to 
characterize the effects of the degradation on the structural and leakage integrity of the upper 
joint. WPSC presented this information to the NRC staff in April of 1994 as a basis to revise 
the TS repair criteria. The NRC staff responded that they would not have sufficient time to 
review a TS change within the schedular constraints of the refueling outage. Therefore, WPSC 
did not submit an amendment request to the NRC.  

In August of 1994, in preparation for the fall refueling outage, Wisconsin Electric Power 
Company (WEPCO) submitted an amendment request to the NRC staff to revise the HEJ repair 
criteria for Point Beach Unit 2. This amendment request was similar to that discussed with the 
NRC staff in April of 1994, supplemented with additional analytical evaluation and prototypic 
testing. The technical basis for the WEPCO amendment request is documented in WCAP-14157 
"Technical Evaluation of Hybrid Expansion Joint (HEJ) Sleeved Tubes With Indications Within 
the Upper Joint Zone," and Addendum 1 to WCAP-14157 "Supplemental Leak and Tensile Test 
Results for Degraded HEJ Sleeved Tubes in Model 44/51 S/G's." The licensing amendment 
request was denied based on the conclusions contained in the safety evaluation report to WEPCO 
dated January 11, 1995.
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In August of 1995, in preparation for the fall refueling outage, American Electric Power 
Company (AEP) submitted an amendment request to revise the location of the pressure boundary 
for DC Cook Unit 1. The proposed pressure boundary was based on the above referenced 
analytical evaluations, the results of prototypic testing, and the results of the destructive 
examination and tests of the HEJ specimens removed from KNPP. The culmination of these test 
results showed that tubes with PTIs located 1.1 inches or further below the bottom of the 
hardroll upper transition (HRUT) had sufficient structural and leakage integrity and would not 
compromise the safety of the SG tube bundle. The technical basis for the AEP amendment 
request is documented in WCAP-14446, "Repair Boundary for Parent Tube Indications Within 
the Upper Joint Zone of the Hybrid Expansion Joint (HEJ) Sleeved Tubes," dated August 1995.  

On October 6, 1995, WPSC submitted a proposed TS similar to that submitted by AEP; i.e.  
PTIs located 1.1 inches or further below the bottom of the HRUT would be allowed to remain 
in service. During a meeting in January of 1996, the NRC staff indicated their preference to 
have a pressure boundary acceptance criteria based on the amount of interference lip remaining 
in the HRLT. This discussion focused on providing a TS criteria based on a change in diameter 
between the maximum point of the hardroll and the elevation at the peak amplitude of the PTI.  
Subsequent to this meeting additional work was performed by both Westinghouse and Zetec to 
develop this criteria. Westinghouse performed additional structural testing to determine the 
amount of interference lip necessary to satisfy the requirements of RG 1.121. The results of this 
structural testing are provided in WCAP-14641, "HEJ Sleeved Tube Structural Integrity Criteria: 
'AD' Diametral Interference at PTIs," included as Attachment 3.  

The results of the structural testing and proposed eddy current technique were discussed with 
the NRC staff at a meeting on April 25, 1996. Based on discussion during this meeting, WPSC 
understands that additional work is necessary to bound the uncertainties associated with 
measuring the change in sleeve inner diameter. This work will continue and a complete 
description of the eddy current technique will be submitted to the NRC in the near future.  

The structural test results show that sufficient integrity is provided when there is a difference 
of 0.003 inch or more between the maximum hardroll diameter of the sleeve and the diameter 
at the elevation of the PTI peak amplitude, i.e. there is an interference lip of 0.003 inch or 
more. Based on this recent testing, and the favorable results from prior test programs on the 
HEJs, the proposed pressure boundary will allow PTIs located such that there is a minimum 
diameter change of 0.003 inch (not including an allowance for measurement uncertainty) between 
the maximum point of the sleeve hardroll and the diameter at the elevation of the PTI peak 
amplitude, to remain in service. Additionally, each sleeved tube with a PTI located in the 
HRLT such that there is a change in diameter of 0.003 inch to 0.013 inch, will be assigned a 
bounding SLB leakage value of 0.025 gpm. Indications located such that there is a change in 
diameter of greater than 0.013 inch will not contribute to SLB leakage. The total number of
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indications remaining in service will be limited such that the primary-to-secondary leakage from 
a postulated SLB will not exceed a small fraction of the 10 CFR part 100 guidelines. For KNPP 
this has calculated to be 34.0 gpm for the faulted loop.  

Provided below is a description of the TS change, a safety evaluation, a 10 CFR 50.92 
significant hazards determination and an environmental considerations statement. Attachment 2 
contains the affected TS pages. This proposed TS change submittal replaces the October 6, 1995 
submittal in its entirety.  

Due to the extensive tube plugging performed during the 1995 refueling outage, the KNPP is 
currently operating in a reduced power condition. This condition of reduced power and the 
prospect of future derates has a significant economic impact on the owners of KNPP; therefore, 
we respectfully request the NRC staff give this amendment request a high review priority. The 
results of the staff review will factor significantly into our 1996 outage plans.  

DESCRIPTION OF PROPOSED CHANGE 

This proposed amendment request will modify KNPP TS Section 4.2 to redefine the pressure 
boundary applicability to the parent tube of the upper HEJ sleeve joint. The proposed changes 
are as follows: 

1) TS 4.2.b.4.b will be revised to read as follows: 

Any Westinghouse mechanical hybrid expansion joint (HEJ) sleeve which, upon 
inspection, exhibits wall degradation of 31 % or more shall be plugged or repaired prior 
to returning the steam generator to service. For disposition of parent tube indications 
(PTI), the following requirements will apply: 

1. HEJ sleeved tubes with circumferential indications located within the upper 
hardroll lower transition shall be inspected with a non-destructive examination 
(NDE) technique capable of measuring the sleeve ID difference between the 
sleeve hardroll peak diameter, and the sleeve ID at the elevation of the PTI peak 
amplitude. If this diameter change is >0.003" (excluding NDE uncertainty), the 
indication may remain in service provided the faulted loop steam line break (SLB) 
leakage limit from all sources is not exceeded. A SLB leakage allowance of 0.25 
gpm shall be assumed for each indication left in service regardless of length or 
depth. For tubes where the diameter difference is > 0.013", SLB leakage can 
be neglected.  

2. HEJ sleeved tubes with a sleeve ID difference of < 0.003" (excluding NDE 
uncertainty) between the sleeve ID hardroll peak diameter and the sleeve ID the
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elevation of the PTI peak amplitude shall be plugged or repaired prior to 
returning the steam generator to service.  

3. HEJ sleeved tubes with axial indications located within the parent tube pressure 
boundary as defined on Figure TS 4.2-1 shall be plugged or repaired prior to 
returning the steam generators to service.  

4. HEJ sleeved tubes with parent tube indications located outside of the parent tube 
pressure boundary as defined on Figure TS 4.2-1 may remain in service.  

2) Figure TS 4.2-1 will be revised.  

3) The basis for TS Section 4.2 will be modified to discuss the revised pressure boundary 
and the number of tubes that can be left in service based on the application of the 0.025 
gpm primary-to-secondary leakage allowance for postulated SLB conditions.  

SAFETY EVALUATION 

The proposed pressure boundary relocation is based on analytical evaluations, the results of 
prototypic testing, and results of destructive examination and tests of HEJ specimens removed 
from the KNPP SGs. The results of these test show that tubes with PT~s located within the 
HRLT have sufficient structural integrity with regard to the requirements of RG 1.121, sufficient 
leakage integrity with regards to a small fraction of the 10 CFR 100 guidelines, and do not 
compromise the safety of the SG tube bundle when there is an interference lip of 0.003 inch or 
more.  

The technical details are provided in the following documents: 

WCAP-14157, "Technical Evaluation of Hybrid Expansion Joint (HEJ) 
Sleeved Tubes With Indications Within the Upper Joint Zone" 

WCAP-14157 Addendum 1, "Supplemental Leak and Tensile Test Results 
for Degraded HEJ Sleeved Tubes in Model 44/51 S/G's" 

WCAP-14446, "Repair Boundary for Parent Tube Indications Within the 
Upper Joint Zone of Hybrid Expansion Joint (HEJ) Sleeved Tubes" 

WCAP-14641, "HEJ Sleeved Tube Structural Integrity Criteria: 'AD' 
Diametral Interference at PTIs"
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WCAPs-14157,-14157 Addendum 1, and -14446 have previously been submitted to the NRC.  
WCAP-14641 is included as Attachment 3 to this submittal.  

In support of this proposed TS amendment request, this safety evaluation includes the following 
summary discussions: 

- HEJ Sleeve Design and Terminology, 
- Removed Sleeved/Tube Sample Results, 
- Sleeve/Tube Joint Structural Integrity, 
- Sleeve/Tube Joint Leakage Integrity, and 
- Defense-in-Depth Considerations.  

HEJ Sleeve Design and Terminology 

The Westinghouse HEJ sleeve assembly extends entirely throughout the tubesheet primary side 
face and is attached to the tube by first performing a hydraulic expansion of the sleeve and the 
tube at the sleeve ends. A mechanical roll expansion, i.e., hardroll, is then produced at the 
bottom end of the sleeve followed by a mechanical roll expansion within the upper hydraulically 
expanded region. The HEJ sleeves installed at KNPP are 36 inches, 30 inches, or 27 inches 
depending on their location within the SG.  

Starting from the upper end of the in-place, expanded sleeve and moving downwards towards 
the tube lower end, the regions of the upper sleeve-to-tube joint assembly are as follows: 

1) The non-expanded safe end, approximately 0.5 inch long, 
2) The upper transition from the non-expanded to the hydraulically expanded region 

(HEUT), 
3) The upper hydraulically expanded region, approximately 1 inch long, 
4) The expansion transition from the hydraulically expanded region to the upper hardroll 

joint (HRUT), approximately 0.25 inch long, 
5) The upper hardroll joint, approximately 1 inch long, 
6) The expansion transition from the hardroll joint to the hydraulically expanded region 

(HRLT) approximately 0.25 inch long without roll down, or approximately 0.5 inch with 
roll down, and 

7) The lower hydraulically expanded region and lower transition from the expanded to the 
non-expanded portion of the sleeve (HELT), approximately 2 inches long.  

Summary of Removed Sleeve/Tube Sample Results 

For a detailed discussion refer to Section 5 of WCAP-14446. In April of 1995 three HEJ 
sleeved tube samples were removed from the B SG. These tubes were removed from the 
secondary side of the SG by cutting at an elevation immediately above the top of the tubesheet
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and several inches below the first tube support plate. This removal method resulted in no 
deformation of the sleeve/tube specimens. The removed tubes were R2 C32, R2 C54 and R2 
C61. Field gathered +Point eddy current results for R2 C32 identified a 300 to 360 degree 
circumferential indication in the HRLT and 360 degree indications in the HRLT for tubes R2 
C54 and R2 C61.  

Tube R2 C54 was leak tested in the laboratory. No primary-to-secondary leakage was detected.  

Tubes R2 C32 and R2 C54 were tensile loaded to open the parent tube circumferential crack 
faces. For informational purposes, load versus deflection curves were generated for these two 
specimens. Maximum loads were achieved at the point of ligament separation in the parent 
tubes. The tubes and sleeves were welded at the lower end and affixed to the stationary head 
of the tensile machine while the tube was solely affixed to the moveable crosshead tensile 
machine. Testing in this condition simulated the actual configuration in the SG. Peak loads and 
deflections at ligament failures were 10,359 lb., 0.44 inch; and 10,700 lb., 0.53 inch; 
respectively for R2 C32 and R2 C54. Peak frictional loads after ligament failure were 2800 lb.  
and 4000 lb., respectively. The deflection values of 0.44 inch and 0.53 inch include the 
elasticity and elongation of the entire sample and do not represent slippage in the joint.  

The separation point of R2 C32 was in the parent tube at the top of the HRLT while the 
separation point for R2 C54 was approximately at the midpoint of the HRLT. Tube R2 C32 had 
a normal (0.25 inch) HRLT while R2 C54 experienced roll down and had an elongated roll 
transition of about 0.5 inch. Examination of the fracture face of R2 C32 indicated the 
macrocrack length was 360 degrees with an average depth of 62% and maximum penetration of 
92%. Limit load analysis of the non-degraded cross sectional areas of the two parent tubes 
estimates the overload forces to be 5980 lb. and 5170 lb. for R2 C32 and R2 C54 respectively.  
Twenty-one ligaments were observed on the circumferential macrocrack located at the top of the 
HRLT indicating a highly segmented profile. All intergranular corrosion was ID initiated.  
Macrocrack length for R2 C54 was also 360 degrees with an average and maximum crack depths 
of 60% and 92%. Again a segmented crack profile was detected as 19 ligaments were observed.  
All corrosion was ID initiated on the parent tube. Crack profiles for both tubes were segmented, 
and the crack initiation sites were scattered in elevation, i.e. the macrocrack network was not 
found in a single plane. No indications of corrosion or cracking were detected on the sleeves.  

Sleeve/Tube Joint Structural Integrity 

In accordance with RG 1.121, tube rupture should be precluded at the pressure loading equal 
to three times normal operating pressure differential, or 1.43 times the SLB pressure differential, 
depending on which is more limiting. For KNPP, the most limiting RG 1.121 loading is the 
three times normal operating pressure differential. Tube rupture is normally thought of as a 

* double-ended guillotine break of a SG tube, or a failure of a tube involving localized burst with 
ductile tearing of the tube material at the edges of the crack. In the case of a sleeved tube with
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a postulated circumferential degradation in the parent tube at the HEJ HRLT, tube rupture will 
be considered as an uncontrolled release of reactor coolant exceeding the normal makeup 
capacity (consistent with NUREG-0844). The tube will not experience failure or burst as a result 
of internal pressurization resulting in tube failure with crack tearing, but from disassociation of 
the separated tube end and sleeve by axial displacement of the postulated circumferentially 
separated parent tube.  

For the configuration of a HEJ sleeved tube with a postulated 100% throughwall, 360 degree 
circumferential crack in the HEJ HRLT, tube rupture can only occur if the tube is displaced 
axially by a distance of approximately 3 to 3.25 inches. Tube displacement of this magnitude 
would result in a complete dissociation between the separated tube end and sleeve resulting in 
a sufficient flow area such that a release rate exceeding makeup capacity would be realized.  
Testing done with specimens and HEJ samples removed from KNPP were used to support the 
conclusion that indications which have the redefined pressure boundary applied will retain 
structural integrity such that tube slippage and axial displacement will not be expected. As a 
defense in depth backup to these data, analysis of SG dimensions, fit up, and manufacturing 
practices was performed to determine the lengths over which a postulated circumferentially 
separated tube could become displaced. This axial displacement can occur if the hardroll 
interaction friction force and packed TSP crevice friction forces are neglected. The postulated 
levels of tube displacement are calculated for plant operation during: 1) normal operation, 2) a 
postulated SLB and 3) at pressure differential loadings equal to the RG 1.121 safety limits. End 
cap loads which could cause tube axial displacement are developed by the primary to secondary 
pressure change acting over the tube ID. The maximum operating condition end cap load is 
724 lbs. (change in pressure is 1535 psi). During a postulated SLB, the end cap load would be 
approximately 1207 lbs. (change in pressure is 2560 psi), and the most limiting RG 1.121 end 
cap load would be approximately 2172 lbs. (three time normal operating pressure differential 
is 4605 psi). Therefore, the structural integrity characteristics of the postulated degraded joint 
must be sufficient to resist these potential loadings in order for sleeved tube structural integrity 
to be maintained.  

When the indications were first detected in the HEJ HRLT of the parent tube, a number of 
structural tests were performed to determine the structural characteristics of the degraded joint.  
Since the TSs consider sleeved tubes no different than non-sleeved tubes, and considering that 
RG 1.121 supplies structural integrity recommendations independent of sleeved or non-sleeved 
tubes, the applicability of redefined pressure boundary criteria can be established using current 
NRC documents and regulations.  

Structural Test Results 

When the PTIs were first detected in April of 1994, a series of tests were performed on 
HEJ sleeved tube specimens where the tube was machined completely throughwall at 
various postulated crack elevations within and below the HRLT. These test results are

n:\group\nuclear\wpfiles\lic\nrc\pal36a.wp



Document Control Desk 
May 1, 1996 
Attachment 1, Page 9 

reported in WCAP-14157. For specimens where the tubes were completely removed by 
machining at the elevation corresponding to the bottom of the HRLT, structural capability 
of the joints was found to be greater than twice the most limiting RG 1.121 requirements 
(based on a three times normal operating pressure differential of 4605 psi.) For 
specimens where the tubes were completely removed by machining at the elevation 
corresponding to the approximate midlength of the hydraulically expanded region, 
structural capability of the joints was found to be greater than 2 to 2.5 times the most 
limiting RG requirement for KNPP. Sleeve joint structural integrity is provided by the 
presence of a lip of material remaining in the HRLT after the parent tube is separated.  
During this initial test program no attempt was made to measure the amount of 
interference lip present.  

A second series of tests were performed during the summer of 1994 on HEJ sleeved tube 
samples with simulated throughwall cracks of less than 360 degrees. These test results 
are reported in WCAP-14157, Addendum 1. Test results and observations indicated that 
upon loading, the bending moment applied through the non-degraded ligament caused a 
deflection of the tube and sleeve in the direction of the slit and produced a sufficiently 
large bending lockup and that in most cases the sleeve failed in tension at approximately 
8,000 lb. load. For the specimens that failed in the ligament (slit locations at elevations 
1.00 to 1.03 inch below the bottom of the HRUT), the ligament failure loads were 
approximately twice the tensile overload capacity of the tube considering only the 
nondegraded ligament area loaded in tension, and considerably greater than the most 
limiting RG 1.121 loading. In the specimens that failed in the ligament, the frictional 
forces developed by the interaction of the hardroll expanded areas were sufficiently large 
to exceed the most limiting RG 1.121 loading. Again, no effort was made to measure the 
amount on interference lip present during this test program.  

In April of 1995, three HEJ samples were removed from the KNPP SGs and subject to 
structural testing. The results of these tests are reported in WCAP-14446. For the 
removed tubes, field RPC results reported 300 to 360 degrees of degradation, yet the 
parent tube ligament failure loads exceeded 10,000 lbs. Frictional loads after ligament 
separation exceeded the most limiting RG 1.121 loading. For tube R2 C32, the crack 
location was at the top of the HRLT and comparison of post-ligament failure frictional 
loads for R2 C32 would be considered conservative compared to tubes left in service as 
a result of the proposed redefined pressure boundary.  

In 1995, AEP and WPSC submitted similar TS amendment requests to relocate the upper 
HEJ pressure boundary. The proposed pressure boundary was based on measuring the 
PTI relative to the HRUT. Subsequent discussions with the NRC staff focused on 
providing a pressure boundary relocation criteria based on the amount of interference lip
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that is left remaining in the HRLT. Additional structural testing was performed during 
the first quarter of 1996 to determine the amount of lip necessary to satisfy the 
requirements of RG 1.121. The results of these tests are reported in WCAP-14641.  

For this testing program a total of eight HEJ sleeved tube specimens were prepared and 
aged by exposure to primary water at elevated temperatures. The purpose of this was 
to simulate the installed conditions by ensuring an oxide film on the tube. The specimens 
were prepared with varying lengths of rolldown and hardroll expansion diameters. The 
tubes were slit with a 0.07 inch wide tool, 360 degrees, 100% throughwall, at various 
elevations within the HRLT resulting in a range of 0.003 to 0.006 inch radial 
interference lips. Seven of the specimens were tensile tested to failure. The peak loads 
ranged from 5,200 lbs. to 6,800 lbs. Six non-aged specimens were also tensile tested to 
failure. Two of the non-aged specimens had 360 degree, non-throughwall slits of 84% 
and 86%. The four specimens with 360 degree, throughwall slits had peak loads ranging 
from 4,800 lbs. to 6560 lbs. The specimen with the 84% throughwall slit had a peak 
load of 7,500 lbs., and the specimen with the 86% throughwall slit had a peak load of 
5,700 lbs.  

The conclusion from this testing is that structural integrity requirements are exceeded 
when there is an actual diameter difference of 0.003 inch between the maximum point 
of the ID sleeve hardroll diameter and the diameter at the elevation of the PTI center 
line.  

Sleeve/Tube Joint Leakage Integrity 

A series of elevated leakage tests were conducted on HEJ test specimens. The results of these 
tests are reported in WCAPs-14157 and -14157, Addendum 1. On specimens which had the 
tube machined away at the bottom of the HEJ HRLT, leakage was essentially zero under all 
conditions (maximum SLB leakage of 0.008 gpm, average of 0.0025 gpm). Leak tests for 
specimens with the tube machined away at the approximate midpoint of the HRLT also showed 
a large resistance to primary to secondary leakage. Steam line break condition leakage was 
found to be a maximum of 0.016 gpm. These tests show that the presence of a lip of tube 
material within the HRLT provides sufficient leakage restriction.  

For PTIs left in service within the HRLT, i.e., a change in diameter of 0.003 to 0.013 inch, a 
conservative bounding primary-to-secondary SLB leak rate of 0.025 gpm will be applied.  
Application of this per tube allowance is conservative for tubes with less than 360 degree 
circumferential degradation and also conservative for tubes with non-throughwall degradation.  
For indications below the HRLT, i.e., with a change in diameter of greater than 0.013 inch, 
SLB leakage can be neglected.
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Offsite doses in the event of a postulated SLB have been calculated consistent with the Standard 
Review Plan. The allowable primary-to-secondary leakage during a postulated SLB has been 
determined to be 34.0 gpm in the faulted loop for the KNPP. Postulated leakage from the 
faulted loop with application of the 2-volt alternate repair criteria for tube support plate 
intersections has been calculated to be less than 1 gpm, leaving up to 33.0 gpm from other 
sources.  

Defense-in-Depth Considerations 

Additional considerations and observations regarding the KNPP SGs can be presented as a 
defense-in-depth approach to further support the proposed pressure boundary relocation.  

1) The revised pressure boundary criteria does not take credit for the frictional 
forces provided by the tube support plates. Past experiences with pulling tubes 
at KNPP shows that these forces can be quite significant.  

2) The crack simulation used was very conservative. The removed tube data from 
KNPP showed that the degraded tube sections consisted of non-coplaner, multi
ligament indications as opposed to a single, coplaner throughwall flaw.  

3) The testing was not performed with internal pressurization of the test specimens.  
Internal pressurization would have provided additional resistance to joint 
separation.  

4) The previously presented axial displacement analysis contained in WCAP-14446 
showed that tube axial displacement of approximately 1.1 inches is required 
before substantial leakage can occur, and based solely on an available flow area, 
tube axial displacement of approximately 3 inches is required before tube rupture 
release rates are realized. The structural integrity testing concluded that slippage 
at actual worst case pressure end cap loads will not occur. Finally, if it is 
postulated that a tube were to experience some level of slippage, the load capacity 
balancing the pressure end cap load will be developed immediately upon the onset 
of galling between the tube and sleeve in the hardroll expanded region.  

SIGNIFICANT HAZARDS DETERMINATION 

This proposed change was reviewed in accordance with the provisions of 10 CFR 50.92 to show 
no significant hazards exists.  

1) Operation of the KNPP in accordance with the proposed license amendment does 
not involve a significant increase in the probability or consequences of an accident 
previously evaluated.
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Mechanical testing shows inherent structural integrity of the HEJ upper joint such that the tube 
rupture capability recommendations of RG 1.121 are met, even for instances of 100% 
throughwall, 360 degree degradation in the HRLT region. Structural test results are documented 
in WCAPs-14157, -14157 Addendum 1, -14446 and -14641. Based on this test data, the 
structural recommendations of RG 1.121 are satisfied when there is a difference of at least 0.003 
inch, between the maximum hardroll diameter of the sleeve, and the diameter at the elevation 
of the PTI center line; i.e. there is an interference lip of 0.003 inch or more. The proposed 
pressure boundary will allow PTIs located such that there is a minimum diameter change of 
0.003 inch (not including an allowance for measurement uncertainty) between the maximum 
point of the sleeve hardroll, and the diameter at the elevation of the PTI peak amplitude to 
remain in service. Based on the high degree of structural integrity of the HEJ upper joint, it can 
be concluded that application of the revised pressure boundary criteria will not result in an 
increased probability of an accident previously evaluated.  

Each sleeved tube with a PTI located in the HRLT such that there is a change in diameter of 
0.003 inch to 0.013 inch, will be assigned a conservatively bounding primary-to-secondary SLB 
leakage value of 0.025 gpm per indication. Indications located such that there is a change in 
diameter of greater than 0.013 inch will not contribute to the SLB leakage. The total number 
of indications remaining in service will be limited such that the primary-to-secondary leakage 
during a postulated SLB will not exceed a small fraction of the 10 CFR part 100 guidelines. For 
KNPP this has been calculated to be 34.0 gpm for the faulted loop. Therefore, it can be 
concluded that application of the revised pressure boundary criteria will not increase the 
consequences of an accident previously evaluated.  

2) The proposed license amendment request does not create the possibility of a new 
or different kind of accident from any accident previously evaluated.  

Implementation of the revised pressure boundary will not introduce a change to the design basis 
or operation of the plant. Mechanical testing of degraded sleeve joints supports the conclusions 
that the joint retains structural integrity (tube burst) capability consistent with RG 1.121, and 
leakage integrity with regards to a small fraction of the 10 CFR part 100 guidelines. As with 
the initial installation of the sleeves, implementation of the relocated pressure boundary does not 
interact with other portions of the reactor coolant system. Any hypothetical accident as a result 
of potential PTIs is bounded by the existing tube rupture accident analysis. Neither the sleeve 
design nor implementation of the redefined pressure boundary affects any other component or 
location of the tube outside of the immediate area repaired. Therefore application of the revised 
pressure boundary criteria will not create the possibility of a new or different kind of accident 
from any accident previously evaluated.  

3) The proposed license amendment does not involve a significant reduction in the 
margin of safety.
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The safety factors used in establishment of the HEJ sleeved tube pressure boundary are 
consistent with the safety factors in the ASME Boiler and Pressure Vessel Code used in SG 
design. Based on the sleeve-to-tube geometry, it is unrealistic to consider that application of the 
revised pressure boundary could result in single tube leak rates exceeding the normal makeup 
capacity during normal operating conditions. The pressure boundary developed in WCAPs
14446 and -14641 have been developed using the methodology of RG 1.121. The performance 
characteristics of the postulated degraded parent tubes of HEJ sleeve/tube joints have been 
verified by testing to retain structural integrity and preclude significant leakage during normal 
and postulated accident conditions. Testing indicates that postulated circumferentially separated 
tubes which the pressure boundary would not experience axial displacement during either normal 
operation or SLB conditions. The existing offsite dose evaluation performed for KNPP in 
support of the voltage based repair criteria for axial ODSCC at TSP intersections established a 
faulted loop primary to secondary leak rate of 34.0 gpm. Following implementation of the 
criteria, postulated leakage from all sources must not exceed 34.0 gpm in the faulted loop.  
Maintenance of this limit will ensure that offsite doses would not exceed the currently accepted 
limit of a small fraction of the 10 CFR part 100 guidelines. The pressure boundary definition 
uses a conservatively established "per indication" leak rate for estimation of SLB leakage. This 
leak rate is applied to all indications left in service within the HRLT, regardless of indications 
length and throughwall extent. Application of the revised pressure boundary criteria will not 
result in a significant reduction in the margin of safety.  

ENVIRONMENTAL CONSIDERATIONS 

This proposed amendment request involves a change to the inspection requirements with respect 
to the installation or use of a facility component located within the restricted area. WPSC has 
determined that the proposed amendment involves no significant hazards consideration and no 
significant change in the types of effluent that may be released offsite and that there is no 
significant increase in individual or cumulative occupational radiation exposure. Accordingly, 
this proposed amendment meets the eligibility criteria for categorical exclusions set forth in 10 
CFR 51.22(c)(9). This proposed amendment also involves changes in recordkeeping, reporting 
or administrative procedures or requirements. Accordingly, with respect to theses items, the 
amendment meets the eligibility criteria for categorical exclusion set forth in 10 CFR 
51.22(c)(10). Pursuant to 10 CFR 51.22(b), no environmental impact statement or 
environmental assessment need be prepared in connection with this proposed amendment.
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c. Additional, unscheduled in-service inspections shall be performed 
on each steam generator in accordance with the first sample 
inspection specified in Table 4.2-2 during the shutdown 
subsequent to any of the following conditions: 

1. Primary-to-secondary tube leaks (not including leaks 
originating from tube-to-tubesheet welds) in excess of the 
limits of TS 3.1.d and TS 3.4.a.1.C or 

2. A seismic occurrence greater than the Operating Basis 
Earthquake, or 

3. A loss-of-coolant accident requiring actuation of the 
engineering safeguards, where the cooldown rate of the Reactor 
Coolant System exceeded 1000F/hr, or 

4. A main steam line or feedwater line break, where the cooldown 
rate of the Reactor Coolant System exceeded 1000 F/hr.  

d. If the type of steam generator chemistry treatment is changed 
significantly, the steam generators shall be inspected at the 
next outage of sufficient duration following 3 months of power 
operation since the change.  

4. Plugging Limit Criteria 

The following criteria apply independently to tube and sleeve wall 
degradation except as specified in TS 4.2.b.5 for the tube support 
plate intersections for which voltage-based plugging criteria are 
applied. 2) 

a. Any tube which, upon inspection, exhibits tube wall degradation 
of 50% or more shall be plugged or repaired prior to returning 
the steam generator to service. If significant general tube 
thinning occurs, this criterion will be reduced to 40% wall 
degradation. Tube repair shall be in accordance with the methods 
described in WCAP-11643, "Kewaunee Steam Generator Sleeving 
Report (Mechanical Sleeves)" or CEN-413-P, "Kewaunee Steam 
Generator Tube Repair Using Leak Tight Sleeves." 

b. Any Westinghouse mechanical hybrid expansion joint (HEJ) sleeve 
which, upon inspection, exhibits wall degradation of 31% or' more 
shall be plugged or repaired prior to returning the steam 
generator to service. Fo.rd.spsition of parent tube indications 

.PTI),.the.following requirem.ent.s will apply: 

GOThe tube support plate voltage-based repair criteria is applicable for the 
1995 to 1996 operating cycle only.  
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c. Any Combustion Engineering leak tight sleeve which, upon 
inspection, exhibits wall degradation of 40% or more shall be 
plugged prior to returning the steam generator to service. This 
plugging limit applies to the sleeve up to and including the weld 
region.  

5. Tube Support Plate Voltage-Based Plugging Criteria(3) 

The following criteria are used for the disposition of a steam 
generator tube for continued service that is experiencing outside 
diameter stress corrosion cracking confined within the thickness of 
the tube support plates. At tube support plate intersection, the 
repair limit is based on maintaining steam generator tube 
serviceability as described below: 

a. Degradation attributed to outside diameter stress corrosion 
cracking within the bounds of the tube support plate with bobbin 
voltage s 2.0 volts will be allowed to remain in service.  

(3)The tube support plate voltage-based repair criteria is applicable for the 
1995 to 1996 operating cycle only.  
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Technical Specification 4.2.b.4

Steam generator tubes found with less than the minimum wall thickness criteria 
determined by analysis, as described in WCAP-7832'm>,, 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 Draft Regulatory Guide 1.121 
(August 1976).  

For the Westinghouse mechanical sleeves, the sleeve plugging limit of 31% is 
applied to the sleeve* as shown on Figure TS 4.2-1. For the Combustion 
Engineering leak tight sleeves, a plugging limit of 40% is applied to the sleeve 
and weld region. 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 generator. Tube repair, by sleeving in accordance with 
WCAP-1164313 ) and CEN-413-P(4 has been evaluated and analyzed as acceptable. The 
Westinghouse mechanical hybrid expansi joint (KEJ) 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).  

14 CEN-413-P, "Kewaunee Steam Generator Tube Repair Using Leak Tight Sleeves," 
January 1992 (Proprietary).  
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There are 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 the peripheral tubesheet sleeve. The 
sleeve is initially curved as part of the manufacturing process and straightened 
as part of the installation process. 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. This sleeve is welded to the parent tube near 
each end of the sleeve.  

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.  

~WCAP-14640, "HEJ Sleeved Tube Structural Integrity Criteriah: Diame~ter 
Interferen~ce at PT! s," April 1996, 
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