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I. Introduction 

The purpose of this document is to provide an account of the 
work done to evaluate the condition of the San Onofre Unit 1 
steam generator sleeved tubes. This information will 
facilitate the NRC review of the corrective actions taken to 
resolve the condition of sleeved tubes for which eddy current 
testing did not exhibit a roll expansion.  

As reported in Reference 1, in February, 1988, San Onofre 
Unit 1 was shut down for a mid-cycle 9 outage during which a 
steam generator leak test was performed to identify (and plug) 
tubes which were leaking. As a result of the investigation to 
determine the cause of the leaks detected in 19 sleeved tubes, 
it was identified that there were in-service sleeved steam 
generator tubes without indications of a required roll 
expansion. An initial evaluation concluded that this condition 
was acceptable until the Cycle 10 refueling outage. In order 
to determine the condition of the in-service sleeved tubes, an 
evaluation by Westinghouse, Allen Nuclear Associates (ANA) and 
Conam Inspection was conducted. The corrective action required 
by the evaluation was implemented during the Cycle 10 refueling 
outage.  

Section II of this report contains the background information 
regarding the events that preceded the discovery of sleeves 
with no indication of a roll expansion. The work associated 
with the evaluation of this condition is detailed in Section 
III. Section IV provides the conclusions reached as a result 
of the evaluation. Finally, Section V provides a listing of 
the references used in this report.  
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II. Background 

San Onofre Unit I was shut down on April 8, 1980, because of a 
primary-to-secondary leak which was increasing, but less than 
the Technical Specification limit. The result of the leaking 
tube investigation was that significant intergranular attack 
(IGA) was occurring at the top of the hot leg tubesheet.  

The development and implementation of a steam generator tube 
repair program was initiated to enable the return of the steam 
generator to nominal operating conditions. The objective was 
to span the tube indications at the top of the hot leg 
tubesheet with a leak tight sleeve inserted inside the tube.  
Due to many difficulties encountered with the leak tight sleeve 
installation process, it was replaced by a leak limiting sleeve 
with a mechanical joint. The qualification of this sleeve is 
contained in Reference 2. This document established the 
leakage limit from the leak limiting sleeve of 210 drops per 
minute.  

The process used to install this leak limiting mechanical 
sleeve is summarized below: 

1. The inside of the tube was honed (cleaned) over the length 
of the tube to be sleeved.  

2. Each sleeve was inserted into its selected tube. The 
sleeves are of several lengths and extend from the bottom 
of the tubesheet to a maximum distance of approximately 13 
inches above the top of the tubesheet, thereby providing 
protection in the area where IGA is of concern.  

3. A hydraulic expansion of the upper and lower joint area of 
the sleeve (located close to the upper and lower end of 
the sleeve) was performed to expand those regions of the 
sleeve into contact with the steam generator tubes.  

4. A "roll expansion" (mechanical roll) within the sleeve 
joint areas (which were hydraulically expanded as 
described in 3 above) was performed to mechanically bind 
the sleeve to the steam generator tube by further 
expanding those portions of the sleeve against the tube.  

Once the sleeving effort was complete, a 100% sleeving eddy 
current test (ECT) baseline inspection was performed by 
Westinghouse. This baseline inspection was performed using the 
Zetec MIZ-12 Multifrequency ECT Inspection System. The ECT was 
performed to provide a preservice examination and a Quality 
Assurance (QA) verification of the required operations 
performed on the sleeve. Sleeves that did not conform to QA 
and/or engineering requirements were either plugged or 
reworked. All reworked sleeves were reinspected subsequent to 
the rework.  
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Reference 3 provided the results of the above preservice eddy 
current examination to SCE. This report documented that every 
in-service sleeve was acceptable and was the basis for 
returning San Onofre Unit 1 to operation.  

Prior to San Onofre Unit 1 restart, on June 8, 1981, the NRC 
issued Amendment Number 55 to the San Onofre Unit 1 Provisional 
Operation License. This document established a License 
Condition that required Edison to perform a steam generator 
inspection following six effective full power months (EFPM) of 
operation. This inspection was to monitor the condition of the 
sleeved tubes and the IGA progression.  

On February 26, 1982 San Onofre Unit 1 was shut down to perform 
required tests, plant modifications and the above required 
steam generator inspection. The inspection program consisted 
of leak tests and eddy current testing of both sleeved and 
non-sleeved tubes. The results of the leak tests were that 
three sleeved tubes in steam generator "C" exhibited minor 
leakage (one to two drops per minute). Although this leakage 
was within the acceptable amount for a leak limiting sleeve, 
all three tubes were plugged. The results of the eddy current 
testing on these three sleeved tubes and approximately ten 
percent of the sleeved tubes in each steam generator showed no 
deviations in the eddy current signal characteristics at the 
sleeve joints and transition regions. The results of this 
entire steam generator inspection program were transmitted to 
the NRC as Reference 4.  

In April 1984, following approximately 26 months of shutdown in 
layup conditions, steam generator "A" was inspected as required 
by the Technical Specifications. Again, both sleeved and 
non-sleeved tubes were inspected and no sleeve joint 
discrepancies were identified. This inspection used the MIZ-12 
for data acquisition and the DDA-4 for analysis. Since this 
was the first application of the DDA-4 technology, the eddy 
current data from 1981 and 1982 was also analyzed to ensure 
that the DDA-4 was performing properly. Again, no 
discrepancies were identified.  

In March 1985, the IGA progression rate was reevaluated and 
found that the rate used to establish the six EFPM inspection 
criteria was overly conservative (Reference 5). Therefore, the 
next required steam generator inspection was postponed until 
the Cycle 9 refueling outage.  

The San Onofre Unit 1 Cycle 9 steam generator inspection was 
conducted in December 1985. As part of this Technical 
Specification inspection scope, 272 sleeved tubes were 
inspected in steam generator "B". Multifrequency eddy current 
techniques were utilized with the Zetec MIZ-18 to acquire the 
data and the DDA-4 to analyze it. The results showed no sign 
of sleeve imperfections and no detectable structural changes in 
the sleeves or sleeve joints. Although limited primary-to
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secondary leakage of approximately 1 gallon per day had 
occurred during the remainder of Cycle 8 operation and a steam 
generator leak test was planned, it could not be conducted as 
scheduled due to water hammer repairs required on the feedwater 
system., References 6 and 7 reported the results of Unit 1 
Cycle 9 steam generator inspections to the NRC.  

In February 1988, San Onofre Unit 1 was shut down for a 
Mid-Cycle 9 maintenance outage. All steam generator 
inspections were scheduled to be performed during this outage 
to reduce the total scope of the Cycle 10 refueling outage.  
Due to the approximate 70 gpd primary-to-secondary leakage 
observed prior to the outage, a steam generator leak test was 
performed. This leak test identified nineteen leaking sleeved 
tubes and one leaking explosive plug. Two of the nineteen 
leaking sleeved tubes were leaking excessively. The 
investigation of the cause of this leakage identified, by eddy 
current testing, that one sleeve did not have an indication of 
a required upper roll expansion and one sleeve did not have an 
indication of a required lower roll expansion. The evaluation 
of this condition and subsequent corrective action is discussed 
in Section III of this report.  
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III. Discussion 

San Onofre Unit 1 was experiencing a steam generator 
primary-to-secondary leak of approximately 70 gpd when the 
plant shut down on February 12, 1988. This leakage had been 
detected early in Cycle 9 and slowly increased to 70 gpd before 
shutdown. Since this leakage had been detected during 
operation, a leak test was planned to identify and remove the 
leaking tubes (sleeves) from service.  

The secondary side of all three steam generators were 
pressurized to approximately 750 pounds per square inch and the 
primary side of the tubesheet in each steam generator 
channelhead was scanned for leaks using a pan and tilt camera.  
A total of nineteen leaking sleeved tubes were identified. The 
investigation of this condition, by eddy current testing, 
identified that one sleeve did not have an indication of a 
required upper roll expansion and one sleeve did not have an 
indication of a required lower roll expansion. In addition, 
the remaining leaking sleeved tubes were eddy current tested 
and an additional four sleeves did not have an indication of an 
upper roll expansion. All the leaking sleeved tubes were 
removed from service by plugging.  

An evaluation of the non-leaking sleeves which were apparently 
missing roll expansions concluded that this condition was 
acceptable until the Cycle 10 refueling outage [approximately 3 
effective full power months (EFPM)] based on: (1) all leaking 
sleeves had been removed from service; (2) the leakage 
experienced from these sleeves had increased slowly over the 
fuel cycle without exceeding technical specification limits; 
(3) the progression of IGA in the sleeved tubes was projected 
to be less than 1% per month (Reference 5), resulting in a high 
confidence that a significant number of tubes would not 
progress to through wall IGA during the remainder of the fuel 
cycle (approximately 3 EFPM); and (4) those sleeves without 
roll expansions would provide an adequate primary pressure 
boundary in that if a primary-to-secondary leak developed due 
to a through-wall defect, the leakage would be within the 
Technical Specification limits. This evaluation was reviewed 
by Westinghouse prior to plant startup from the mid-cycle 9 
outage.  

These results were transmitted to the NRC by Reference 1 which 
made a commitment that all of the sleeved tube baseline and 
subsequent eddy current data would be reevaluated to determine 
the condition of the San Onofre Unit 1 steam generator sleeved 
tubes prior to restart from the Cycle 10 refueling outage. In 
addition, any corrective actions identified would also be 
completed prior to the end of the Cycle 10 refueling outage.  
The NRC reviewed this approach as documented in Reference 8.  
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An initial part of the sleeve evaluation was to review recent 
eddy current data that had been taken with the state-of-the-art 
eddy current acquisition and analysis equipment to estimate the 
number of sleeves that may be affected. Sleeved tube eddy 
current data from the December 1985 and the February 1988 steam 
generator inspections was reevaluated. Approximately 550 
sleeved tubes were reviewed and, as a result, an additional 30 
sleeved tubes did not have an eddy current trace that indicated 
the presence of a roll.  

As committed to in Reference 1 and reviewed by the NRC as 
documented in Reference 8, and in order to determine the exact 
condition of the in-service sleeved tubes, ANA was tasked with 
reevaluating the 1981 sleeve baseline and subsequent eddy 
current data. An analysis criteria was generated by SCE and 
ANA, if the eddy current data analysis using this criteria of a 
sleeved tube identified any abnormal condition, then it was 
flagged as requiring further evaluation. Approximately 3,000 
sleeved tubes were found to be in this category. Of this 
3,000, approximately 600 were identified as "missing" an upper 
roll expansion. A "missing" roll expansion is where the 
analyst did not observe the eddy current signature of a roll 
expansion. The remaining 2400 of the 3,000 sleeved tubes had 
some indication of a roll expansion, but still did not meet the 
established criteria and were conservatively flagged for 
further evaluation.  

All 3,000 sleeved tubes were identified to Westinghouse for 
further evaluation. The initial Westinghouse approach was to 
categorize these 3,000 sleeved tubes into specific categories 
that Westinghouse had performed leak rate tests on as part of 
the sleeving qualification in 1981. With this leak rate 
information, a composite leak rate for these 3,000 sleeved 
tubes could be calculated for both normal and accident 
conditions. Westinghouse completed this work and found that 
the leak rate for each of the sleeved tubes was 0.6 dpm for 
normal operation and 1.3 dpm for accident conditions. Based on 
these numbers and the sleeved tube categorization, the 
approximate composite leak rate for normal operation is 0.05 
gpm and accident conditions is 0.1 gpm. These leak rates are 
well within the allowed leak rates identified in the Technical 
Specifications and accident conditions specified in the Final 
Safety Analysis (FSA).  
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Although the composite leak rate for the 3,000 sleeved tubes in 
question was acceptable, upon further review, the structural 
integrity of in question sleeved tubes with "missing" upper 
rolls was found to be unacceptable. This was identified to SCE 
on December 12, 1988 and the NRC was advised by Reference 9.  
As a result, plans were initiated to further evaluate these 
tubes.  

The approximately 600 sleeved tubes without indication of a 
roll expansion were then examined using MIZ-18 data acquisition 
equipment with absolute and differential frequencies of 600, 
400, 100 and 50 KHz. The probe used was a standard 
magnetically biased bobbin coil probe. The analysis was done 
with the DDA-4. To achieve the best possible examination, the 
largest size probe that would fit was used and the probe speed 
was set at 6 inches per second (one-half normal speed).  

Analysis guidelines used for acceptance of these sleeved tube 
upper roll expansions were developed in the laboratory by 
Westinghouse. Mechanical upper joints were fabricated using 
different size roll expansions set at specific diameters larger 
than the measured hydraulic expansion diameters. These joints 
were tested with the same eddy current techniques described 
above and then tested for pull out load strength. Acceptable 
pull out loads were demonstrated for those sleeve joints with 
measured roll expansions of 0.002 inches greater than the 
hydraulic expansion diameter.  

A conservative analysis guideline was then used to analyze the 
eddy current data of the 600 sleeved tubes. Any eddy current 
trace that exhibited a signal like that of a laboratory joint 
of less than 0.004 inches greater than the hydraulic expansion 
diameter was listed as not having an indication of an upper 
roll expansion. The results, of this eddy current testing and 
analysis were that a total of 150 sleeved tubes did not have an 
indication of an upper roll expansion. In addition, 6 sleeved 
tubes did not exhibit a lower roll expansion signal for a total 
of 156 tubes without detectable roll expansions.  

The results of the Westinghouse laboratory tests were also used 
to evaluate the acceptability of the approximately 2400 sleeves 
with "weak" rolls. Comparison of eddy current signals from the 
laboratory joints to the eddy current signals from the San 
Onofre sleeves with "weak" rolls concluded that sleeves with "weak" roll eddy current signals are also acceptable (i.e., 
"weak" roll signals correlate to laboratory joints that are 
0.004 inches or greater than the hydraulic expansion diameter).  
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This qualification program showed that the eddy current data 
analysis techniques used in analyzing the 1981 initial test 
data and the best available current technology applied in 
December 1988 are both capable of distinguishing the presence 
of a roll expansion. The best available current technology 
provides better sensitivity to detect the presence of rolls in 
the majority of the sleeves.  

This supports the appropriateness of reviewing previous eddy 
current testing data for all installed sleeves and testing with 
the best available current technology, those sleeves which were 
indicated to require further review.  

Any sleeved tube that was identified as not exhibiting an upper 
or lower roll expansion was removed from service by plugging.  
In addition, 12 other sleeved tubes that were identified to 
have primary-to-secondary leaks were plugged for a total of 168 
sleeved tubes plugged. The result is that all sleeves that 
remain in service have been verified by eddy current analysis 
to have the required upper and lower roll expansions.  
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IV. Conclusion 

Based on an extensive evaluation, all sleeves in the San Onofre 
Unit 1.steam generators without eddy current test confirmation 
of the presence of required hard rolls were identified and 
removed from service in December 1988. To identify these 
sleeves, the 1981 sleeve baseline eddy current data was 
reevaluated to establish those sleeves that may not have been 
properly rolled. This effort utilized the best available 
analysis techniques and equipment, the DDA-4, which was a 
significant improvement over the strip chart method used in 
1981. This effort was conservative because the data taken in 
1981 is not as sensitive to the roll joint configuration as 
data taken today and the use of the DDA-4 eliminates the 
potential for a false roll indication. Those sleeves 
identified as "missing" roll expansions, based on 1981 eddy 
current test data, were retested using the most sensitive 
technique. This technique used the MIZ-18 for data acquisition 
with absolute and differential frequencies of 600, 400, 100 and 
50 KHz. The probe used was a standard, magnetically biased 
bobbin coil probe with the maximum practical diameter pulled at 
half the normal inspection speed. Analysis of this data was 
also done with the DDA-4. Any sleeve that did not exhibit the 
existence of an acceptable roll expansion was identified and 
the tube was removed from service. This resulted in plugging 
of 156 tubes with sleeves that did not exhibit a required hard 
roll.  
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