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4.16' INSERVICE INSPECTI OF STEAM GENERATOR TUBING 

APPLICABILITY: Applies to the inservice inspection and sampling selection for 
steam generator tubing.  

OBJECTIVE: To monitor the integrity of the steam generator tube primary 
boundary and provide guidance for corrective action when 
imperfections are observed.  

SPECIFICATION: A. GENERAL STEAM GENERATOR TUBE SELECTION 

The steam generators shall be inspected when shutdown by 44 
selecting steam genertor tubes on the following basis: 10/31/78 

1. Tubes for the inpsection shall be selected on a 
random basis except where experience at San Onofre 
Unit 1 or experience in similar plants indicates 
critical areas to be inspected.  

2. Each inspection shall include at least 3% of the 
total number of tubes in each steam generator to be 
inspected.  

3. Inservice inspections may be limited to one steam 
generator on a rotating schedule encompassing 3% of 
the total tubes of steam generators in the plant if 
the results of previous inspections indicate that all 
steam generators are performing in a like manner.  

4. Every inspection shall include all non-plugged tubes 
in the steam generators to be inspected that 
previously had detected imperfections greater than 
20%, except as specified in Specification C.1.  

B. SUPPLEMENTARY INSPECTIONS 

If the inspections in Specification A indicate 
imperfections, additional inspections shall be required as 
follows: 

1. If any of the tubes inspected pursuant to 
Specification A.3 have imperfections greater than 20% 
that were not detected during the previous 
inspections or have previously detected imperfections 
that have increased more than 10% wall penetration 
since their last inspection, inspect 3% of the tubes 
in one of the uninspected steam generators.  
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2. * more than 10% of the tubes in cted in a steam 
generator have imperfections greater than 20% that 
were not detected during the previous inspections or 
have previously detected imperfections that have 
increased more than 10% wall penetration since their 
last inspection, or one or more of the tubes 
inspected have an imperfection in excess of the 
plugging limit, inspect an additional 3% of the tubes 
in that steam generator, concentrating on tubes in 
those areas of the tube sheet array where tubes with 
imperfections were found and on that length of tube 
where the imperfections were found. In addition, the 44 
rest of the steam generators shall be inspected in 10/31/78 
accordance with Specification A.2.  

3. If the additional inspection in Specification B.2 
indicates that more than 10% of the additionally 
inspected tubes have imperfections greater than 20% 
that were not detected during the previous 
inspections or have previously detected imperfections 
that have increased more than 10% wall penetration 
since their last inspection, or one or more of the 
additionally inspected tubes have an imperfection in 
excess of the plugging limit, inspect an additional 
6% of the tubes in that steam generator in the area 
of the tubesheet array where tubes with imperfections 
were found and through that length of tube where the 
imperfections were found.  

C. SPECIAL STEAM GENERATOR TUBE INSPECTIONS 

In addition to the general steam generator tube inspections 
performed in Specifications A and B, every inspection shall 
include the following special inspections: 

1. Every inspection shall include all nonplugged tubes 
in one of the steam generators that previously had 
been noted as having discretely quantifiable 
imperfections greater than 30% at antivibration bar 
(AVB) intersections, and all non-plugged tubes in 
that steam generator that previously had been noted 
as having imperfections at AVB intersections which 
were not discretely quantifiable but which were 
identified during previous inspections as being in 
the 30 to 50% range.  

2. At each steam generator inspection, all previously 
identified restricted tubes in either steam generator 
A or C shall be gauged by using eddy current probes 
to determine restriction sizes.  
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D. INSP* ON FREQUENCY 

The inspections in Specifications A and B above shall be 
performed at the following frequencies: 

1. Inservice inspections shall be not less than 10 nor 
more than 24 calendar months after the previous 
inspection.  

2. If two consecutive inspections indicate that less 
than 10% of the tubes inspected have either (a) new 
imperfections greater than 20% or (b) previous 
imperfections that have increased more than 10% since 
their last inspection, the inspections shall be not 
less than 10 nor more than 40 calendar months after 
the previous inspection.  

3. Unscheduled inspections shall be conducted in 
accordance with Specification A in the event of 
primary-to-secondary leaks exceeding Specification 44 
3.1.4.C, a seismic occurrence greater than an 10/31/78 
operating basis earthquake, a loss-of-coolant 
accident requiring actuation of engineered 
safeguards, or a major-steam line or feedwater line 
break.  

E. ACCEPTANCE CRITERIA 

1. As used in this specification: 

a. Imperfection means an exception to the 
dimensions, finish, or contour required by 
drawing or specification.  

b. Defect means an imperfection of such severity 
that the tube is unacceptable for continued 
service.  

c. Plugging limit means the imperfection depth at or 60 
beyond which plugging of the tube must be 6/8/81 
performed. The plugging limit is equal to or 
greater than 50% of the nominal tube wall 
thickness, except where sleeves are installed, in 
which case the plugging limit is equal to or 
greater than 40% of the nominal sleeve wall 
thickness.  
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2. If. in the inspections performed under Specification A, 

a. Less than 10% of the total tubes inspected have 
imperfections greater than 20% that were not 
detected during the previous inspections or have 
previously detected imperfections that have 
increased more than 10% wall penetration, and 

b. No tube inspected exceeds the plugging limit, 
plant operation may resume.  

3. If, in the inspections performed under Specification B, 

a. Less than 10% of the total tubes inspected have 
imperfections greater than 20% that were not 
detected during the previous inspections or have 44 
previously detected imperfections that have 10/31/78 
increased more than 10% wall penetration, and 

b. No more than 3 of the tubes inspected exceed the 
plugging limit, 

plant operation may resume after performance of the 
corrective action in Specification F.  

4. If, in the inspections performed under Specification 
B, 

a. More than 10% of the tubes inspected have 
imperfections greater than 20% that were not 
detected during the previous inspections or have 
previously detected imperfections that have 
increased more than 10% wall penetration, or 

b. More than 3 of the tubes inspected exceed the 
plugging limit, 

the situation shall be reported to the Commission in 
accordance with Technical Specification 6.6 for 91 
approval of the proposed remedial action. 11/14/85 

5. If in the inspections performed under Specification 
C.1, wear rates are observed at AVB intersections 
which are inconsistent with the 50% plugging 
criterion, the situation shall be reported to the 
Commission in accordance with Technical 
Specification 6.6 for approval of the proposed 91 
remedial action. 11/14/85 
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6. If in the inspections performed under 
Specification- C.2 progression of the denting 
process is observed to be recurring, the 
situation shall be reported to the Commission in 
accordance with Technical Specification 6.6 for 91 
approval of the proposed remedial action. 111/14/85 

F. CORRECTIVE ACTION 

All leaking tubes, defective tubes, and tubes with 
imperfections exceeding the plugging limit shall be 
repaired or plugged.  

BASIS: The Surveillance Requirements for inspection of the steam 
generator tubes ensure that the structural integrity of this 
portion of the Reactor Coolant System will be maintained. The 
program for inservice inspection of steam generator tubes is 44 
based on Regulatory Guide 1.83, Revision 1. Inservice 10/31/78 
inspection of steam generator tubing is essential in order to 
maintain surveillance of the conditions of the tubes in the 
event that there is evidence-of degradation due to design, 
manufacturing errors, or inservice conditions that lead to 
corrosion. Inservice inspection of steam generator tubing 
also provides a means of characterizing the nature and cause 
of any tube degradation so that corrective measures can be 
taken.  

The plant is expected to be operated in a manner such that the 
secondary coolant will be maintained within those chemistry 
limits found to result in negligible corrosion of the steam 
generator tubes. If the secondary coolant chemistry is not 
maintained within these limits, localized corrosion may likely 
result in stress corrosion cracking. The extent of cracking 
during plant operation would be limited by the limitation of 
steam generator tube leakage between the primary coolant 
system and the secondary coolant system (primary-to-secondary 
leakage . .3 gallons per minute per steam generator). Cracks 
having a primary-to-secondary leakage less than this limit 
during operation will have an adequate margin of safety to 
withstand the loads imposed during normal operation and by 
postulated accidents. Operating plants have demonstrated that 
primary-to-seconfdary leakage of .3 gpm per steam generator can 
readily be detected by radiation monitors of steam generator 44 
blowdown. Leakage in excess of this limit will require 10/31/78 
shutdown during which the leaking tubes will be located and 
plugged and additional inspections performed.  
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If a defect should develop in service, it will be found during 
scheduled inservice steam generator tube examinations.  
Plugging will be required for all tubes with imperfections 60 
exceeding the plugging limit of 50% of the tube nominal wall 6/8/81 
thickness, except where sleeves are installed, in which case 
the plugging limit is 40% of the nominal sleeve wall 
thickness. A plugging limit of 50% for tubes and 40% for 
sleeves ensures that defects will not occur between inspection 
intervals.  

The results of tube ID gauging and dent detection conducted in 
San Onofre Unit 1 steam generators demonstrate that the 
denting process has been arrested. Continuing assurance of 
this condition can be provided by performing a program of 
limited tube ID gauging and dent detection in either steam 
generator A or C on a refueling outage frequency. Adequate 
surveillance of denting related tube restrictions can be 
maintained at refueling intervals by noting any new 44 
restrictions during the conduct of general surveillance and 10/31/78 
AVB inspections and by gauging tubes which have previously 
been noted as being restricted. Progression of denting can 
also be monitored in either steam generator A or C by 
evaluating third and fourth support plate denting data 
obtained from the general surveillance and AVB inspections as 
well as from the ID gauging program and comparing these 
results with those of previous inspections.  

The results of AVB area inspections conducted in San Onofre 
Unit 1 steam generators demonstrate that AVB modifications 
installed during the Cycle VI refueling outage were successful 
in eliminating significant growth of tube wall penetration 
indications at AVB locations. Continuing assurance of this 
condition can be provided by performing U-bend inspections at 
refueling outage intervals of tubes having wall penetration 
indications in excess of 30% at AVB locations.  

4-95 Revised: 6/23/81



Attachment 2 

PROPOSED TECHNICAL SPECIFICATION



4.16 INSERVICE INSPECTION OF STEAM.GENERATOR TUBING 

APPLICABILITY: Applies to the inservice inspection and sampling selection for 
steam generator tubing.  

OBJECTIVE: To monitor the integrity of the steam generator tube primary 
boundary and provide guidance for corrective action when 
imperfections are observed.  

SPECIFICATION: A. GENERAL STEAM GENERATOR TUBE SELECTION 

The steam generators shall be inspected when shutdown by 
selecting steam generator tubes on the following basis: 

1. Tubes for the inspection shall be selected on a 
random basis except where experience at San Onofre 
Unit 1 or experience in similar plants indicates 
critical areas to be inspected.  

2. Each inspection shall include at least 3% of the 
total number of tubes in each steam generator to be 
inspected.  

3. Inservice inspections may be limited to one steam 
generator on a rotating schedule encompassing 3% of 
the total tubes of steam generators in the plant if 
the results of previous inspections indicate that 
all steam generators are performing in a like 
manner.  

4. Every inspection shall include all non-plugged 
tubes, in the steam generator(s) to be inspected, 
that previously had been classified as degraded 
tubes, except as specified in Specification C.1.  

B. :SUPPLEMENTARY INSPECTIONS 

If the inspections in Specification A indicate 
imperfections, additional inspections shall be required 
as follows: 

1. If any of the tubes inspected pursuant to 
Specification A.3 are degraded tubes that were not 
classified as degraded tubes during the previous 
inspections or have previously detected 
imperfections that have increased more than 10% wall 
penetration since their last inspection, inspect 3% 
of the tubes in one of the uninspected steam 
generators.



2. If more than 10% of the tubes inspected in a steam 
generator are degraded tubes that were not 
classified as degraded tubes during the previous 
inspections or have previously detected 
imperfections that have increased more than 10% wall 
penetration since their last inspection, or one or 
more of the tubes inspected have an imperfection in 
excess of the plugging limit, inspect an additional 
3% of the tubes in that steam generator, 
concentrating on tubes in those areas of the tube 
sheet array where tubes with imperfections were 
found and on that length of tube where the 
imperfections were found. In addition, the rest of 
the steam generators shall be inspected in 
accordance with Specification A.2.  

3. If the additional inspection in Specification B.2 
indicates that more than 10% of the additionally 
inspected tubes are degraded tubes that were not 
classified as degraded tubes during the previous 
inspections or have previously detected 
imperfections that have increased more than 10% wall 
penetration since their last inspection, or one or 
more of the additionally inspected tubes have an 
imperfection in excess of the plugging limit, 
inspect an additional 6% of the tubes in that steam 
generator in the area of the tubesheet array where 
tubes with imperfections were found and through that 
length of tube where the imperfections were found.  

C. SPECIAL STEAM GENERATOR TUBE INSPECTIONS 

In addition to the general steam generator tube 
inspections performed in Specifications A and B, every 
inspection shall include the following special 
inspections: 

1. Every inspection shall include all nonplugged tubes 
in one of the steam generators that previously had 
been noted as having discretely quantifiable 
imperfections greater than 30% at antivibration bar 
(AVB) intersections, and all non-plugged tubes in 
that steam generator that previously had been noted 
as having imperfections at AVB intersections which 
were not discretely quantifiable but which were 
identified during previous inspections as being in 
the 30 to 50% range.  

2. At each steam generator inspection, all previously 
identified restricted tubes in either steam 
generator A or C shall be gauged by using eddy 
current probes to determine restriction sizes.
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D. INSPECTION FREQUENCY 

The inspections in Specifications A and B above shall be 
performed at the following frequencies: 

1. Inservice inspections shall be not less than 10 nor 
more than 24 calendar months after the previous 
inspection.  

2. If two consecutive inspections indicate that less 
than 10% of the total tubes inspected are degraded 
tubes that were not classified as degraded tubes 
during the previous inspections or have previously 
detected imperfections that have increased more than 
10% wall penetration, the inspections shall be not 
less than 10-nor more than 40 calendar months after 
the previous inspection.  

3. Unscheduled inspections shall be conducted in 
accordance with Specification A in the event of 
primary-to-secondary leaks exceeding Specification 
3.1.4.C, a seismic occurrence greater than an 
operating basis earthquake, a loss-of-coolant 
accident requiring actuation of engineered 
safeguards, or a major steam line or feedwater line 
break.  

E. ACCEPTANCE CRITERIA 

1. As used in this specification: 

a. Imperfection means an exception to the 
dimensions, finish, or contour required by 
drawing or specification. Detectable eddy 
current testing indications below 20% of the 
nominal tube wall thickness, may be considered 
as imperfections.  

b. Degradation means a service-induced cracking, 
wastage, pitting wear or general corrosion 
occurring on either inside or outside of a tube.  

c. Degraded Tube means a tube containing 
imperfections greater than or equal to 20% of 
the nominal wall thickness caused by degradation 
above the tube roll expansion. Also, a tube 
with an imperfection in the region one-half inch 
below the uppermost one inch of sound roll, is 
considered a degraded tube.  

d. Defect means an imperfection of such severity 
that it exceeds the plugging limit or an 
imperfection located in the uppermost one inch 
of the tube roll expansion. A tube or sleeve 
containing a defect is defective.



e. Plugging Limit means the imperfection depth at 
or beyond which plugging of the tube must be 
performed. The plugging limit is equal to or 
greater than 50% of the nominal tube wall 
thickness, except where sleeves are installed, 
in which case the plugging limit is equal to or 
greater than 40% of the nominal sleeve wall 
thickness.  

For the tube roll expansion region, the 
following criteria apply: 

(i) Any tube containing an imperfection within 
the uppermost one inch of sound roll shall 
be considered defective.  

(ii) Any imperfection is acceptable below the 
uppermost one inch of sound roll.  

f. Tube Roll Expansion means that portion of the 
tube which has been increased in diameter by a 
rolling process.  

g. Sound Roll means a tube roll expansion which is 
fully expanded such that no crevice exists 
between the outside diameter of the tube and the 
tubesheet.  

2. If, in the inspections performed under 
Specification A, 

a. Less than 10% of the total tubes inspected are 
degraded tubes that were not classified as 
degraded tubes during the previous inspections 
or have previously detected imperfections that 
have increased more than 10% wall penetration, 
and 

b. No tube inspected exceeds the plugging limit, 

plant operation may resume.  

3. If, in the inspections performed under 
Specification B, 

a. Less than 10% of the total tubes inspected are 
degraded tubes that were not classified as 
degraded tubes during the previous inspections 
or have previously detected imperfections that 
have increased more than 10% wall penetration, 
and



b. No more than 3 of the tubes inspected exceed the 
plugging limit, 

plant operation may resume after performance of the 
corrective action in Specification F.  

4. If, in the inspections performed under 
Specification B, 

a. More than 10% of the total tubes inspected are 
degraded tubes that were not classified as 
degraded tubes during the previous inspections 
or have previously detected imperfections that 
have increased more than 10% wall penetration, 
or 

b. More than 3 of the tubes inspected exceed the 
plugging limit, 

the situation shall be reported to the Commission in 
accordance with Technical Specification 6.6 for 
approval of the proposed remedial action.  

5. The results of inspections performed under 
specifications A or B for all tubes in service which 
have defects below the uppermost one inch of tube 
roll expansion shall be reported to the Commission 
in a Special Report pursuant to Technical 
Specification 6.9.2 at least seven days prior to the 
resumption of plant operation. The report shall 
include: 

a. Identification of applicable tubes, and 

b. Location and size of the degradation.  

6. If in the inspections performed under Specification 
C.1, wear rates are observed at AVB intersections 
which are inconsistent with the 50% plugging 
criterion, the situation shall be reported to the 
Commission in accordance with Technical 
Specification 6.6 for approval of the proposed 
remedial action.  

7. If in the inspections performed under Specification 
C.2 progression of the denting process is observed 
to be recurring, the situation shall be reported to 
the Commission in accordance with Technical 
Specification 6.6 for approval of the proposed 
remedial action.



F. CORRECTIVE ACTION 

All leaking tubes, defective tubes, and tubes with 
imperfections exceeding the plugging limit shall be 
repaired or plugged.  

BASIS: The Surveillance Requirements for inspection of the steam 
generator tubes ensure that the structural integrity of this 
portion of the Reactor Coolant System will be maintained.  
The program for inservice inspection of steam generator tubes 
is based on Regulatory Guide 1.83, Revision 1. Inservice 
inspection of steam generator tubing is essential in order to 
maintain surveillance of the conditions of the tubes in the 
event that there is evidence of degradation due to design, 
manufacturing errors, or inservice conditions that lead to 
corrosion. Inservice inspection of steam generator tubing 
also provides a means of characterizing the nature and cause 
of any tube degradation so that corrective measures can be 
taken.  

The plant is expected to be operated in a manner such that 
the secondary coolant will be maintained within those 
chemistry limits found to result in negligible corrosion of 
the steam generator tubes. If the secondary coolant 
chemistry is not maintained within these limits, localized 
corrosion may likely result in stress corrosion cracking.  
The extent of cracking during plant operation would be 
limited by the limitation of steam generator tube leakage 
between the primary coolant system and the secondary coolant 
system (primary-to-secondary leakage = .3 gallons per minute 
per steam generator). Cracks having a primary-to-secondary 
leakage less than'this limit during operation will have an 
adequate margin of safety to withstand the loads imposed 
during normal operation and by postulated accidents.  
Operating plants have demonstrated that primary-to-secondary 
leakage of .3 gpm per steam generator can readily be detected 
by radiation monitors of steam generator blowdown. Leakage 
in excess of this limit will require shutdown during which 
the leaking tubes will be located and plugged and additional 
inspections performed.  

If a defect should develop in service, it will be found 
during scheduled inservice steam generator tube 
examinations. Plugging will be required for all tubes with 
imperfections exceeding the plugging limit of 50% of the tube 
nominal wall thickness, except where sleeves are installed, 
in which case the plugging limit is 40% of the nominal sleeve 
wall thickness. A plugging limit of 50% for tubes and 40% 
for sleeves ensures that defects will not occur between 
inspection intervals. Tubes with defects below the uppermost 
one inch of a sound roll may remain in service, provided 
there are no imperfections in this portion of the tube. The 
distance of one inch includes a 0.25 inch eddy current 
measurement uncertainty.



The results of tube ID gauging and dent detection conducted 
in San Onofre Unit 1 steam generators demonstrate that the 
denting process has been arrested. Continuing assurance of 
this condition can be provided by performing a program of 
limited tube ID gauging and dent detection in either steam 
generator A or C on a refueling outage frequency. Adequate 
surveillance of denting related tube restrictions can be 
maintained at refueling intervals by noting any new 
restrictions during the conduct of general surveillance and 
AVB inspections and by gauging tubes which have previously 
been noted as being restricted. Progression of denting can 
also be monitored in either steam generator A or C by 
evaluating third and fourth support plate denting data 
obtained from the general surveillance and AVB inspections as 
well as from the ID gauging program and comparing these 
results with those of previous inspections.  

The results of AVB area inspections conducted in San Onofre 
Unit 1 steam generators demonstrate that AVB modifications 
installed during the Cycle VI refueling outage were 
successful in eliminating significant growth of tube wall 
penetration indications at AVB locations. Continuing 
assurance of this condition can be provided by performing 
U-bend inspections at refueling outage intervals of tubes 
having wall penetration indications in excess of 30% at AVB 
locations.  
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SONGS 1 Eddy Current Test (ECT) Program 

For Tubesheet Roll-Region Flaw Identification 

The ECT inspection program in use at San Onofre Unit 1 includes the following 
features: 

1. A "MIZ-18" data acquisition system, and multifrequency data analysis with 
a "DDA-4" data analysis system is being used.  

2. Bobbin-probe tests of the tubes in the steam generators as required by 
Technical Specifications.  

3. Bobbin-probe tests of additional tubes in regions of previously detected 
degradation.  

4. Tests with special probes when appropriate to enhance inspection results.  

5. Independent data analysis and conservative resolution of discrepancies by 
experienced Level III analysts is utilized.  

6. The use of ECT data analysts qualified on a plant-specific basis.  

Roll-Region Flaw Identification 

When a review of ECT data from the last inspection revealed distorted signals 
in a few tubes on the inlet end in the transition zone between the tube roll 
expansion and the unexpanded tube, the following program was implemented for 
the current outage.  

1. The tube roll expansion region of the inlet end of 100% of the 
non-sleeved tubes in service was inspected with a bobbin probe.  

2. The tube roll expansion region of the outlet end of 31% of the tubes in 
service were inspected with a bobbin probe. In addition 4% of the 
sleeves in service (including the roll and roll transition zone) were 
inspected with a bobbin probe and a cross-wound probe as part of the 
Technical Specification inspection scope.  

3. All flaw indications and distorted or questionable signals were further 
evaluated using a rotating pancake coil (RPC) probe.  

4. Evaluation of the results of these inspections demonstrated that tube 
roll expansion region flaws are limited to the inlet end of non-sleeved 
steam generator tubes.  

5. All tubes with flaws in the roll transition zone and the upper most one 
inch of the tube roll expansion were removed from service by plugging.  
Further, if any tube contained a questionable signal which was not 
positively resolved by the bobbin-probe or RPC-probe inspections, it was 
removed from service as a conservative corrective measure.
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6. The steam generator vendor was requested to determine the minimum length 
of sound roll acceptable for the San Onofre, Westinghouse Series 27, 
steam generators. This value was determined to be 0.75 inches plus an 
allowance for ECT error as it had been for the Haddam Neck Plant which 
has the same series steam generators.  

7. Special probes, identical to those used at the Haddam Neck Plant in 
September 1987, were used to determine if flaws in the tube roll 
expansion region were within the uppermost inch (0.75 inches + 0.25 inch 
for eddy current error) of the tube roll expansion. Further, the same 
contractor, CONAM Inspection, and the same procedures used at Haddam Neck 
were used to evaluate flaw locations.  

8. All tubes with flaws in the roll transition zone and the upper most one 
inch of the tube roll expansion were removed from service by plugging.  
This resulted in the plugging of 7, 59, and 81 tubes in steam generators 
A, B and C respectively. Further, 2, 2 and 40 tubes in steam generators 
A, B and C respectively, remain in service with flaws below the uppermost 
inch of sound roll.  

As discussed above, the San Onofre Unit 1 ECT inspection program, including 
the recent effort to identify roll region flaws, utilizes practices that go 
well beyond Technical Specification requirements and Regulatory Guide 1.83 
provisions. This provides a high level-of assurance that all defects or 
significant flaws have been identified and removed from service.  

Future Roll-Region ECT Programs 

Future tube roll expansion region inspection programs at the San Onofre Unit 1 
will include the Orogram described above, or the equivalent, for unflawed 
tubes.  

In addition, future inspection programs at the San Onofre Unit I will continue 
to feature the prudent, conscientious inspection programs and the proactive 
safety philosophy currently being followed by Southern California Edison and 
will include the following practices: 

1. Assessment of new developments regarding the San Onofre Unit 1 inspection 
experience, and applicable industry inspection experience.  

2. Assessment and evaluation of the San Onofre Unit 1 ECT results to define 
the nature and mechanism of the tube degradation processes.  

3. Special inspections and examinations, including tube removal/destructive 
examination, as appropriate, to ensure that the nature and mechanism of 
the tube degradation process is accurately defined.  

4. Application of appropriate ECT equipment technology, for defining tube 
degradation conditions known to exist in the San Onofre Unit I steam 
generators or similar PHR steam generators.  

5. Utilization of a data analysis program to provide a high level of 
assurance that all significant flaws are properly identified.  

6. Utilization of an inspection strategy that provides a high level of 
assurance of identification of all significant defects, as appropriate.  
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COMPARISON OF SONGS 1 AND CONNECTICUT YANKEE (CY) 
STEAM GENERATOR OPERATING CONDITIONS AND EFFECT ON F* 

GENERAL 

The effects on the tube-to-tubesheet (T/TS) joint of thermal expansion, 
primary-to-secondary pressure differential, and tubesheet bending are 
evaluated by addition to or subtraction from the T/TS radial pressure 
resulting from the interference fit obtained during tube roll expansion during 
manufacture.  

This provides the force per unit of length of sound roll expansion, along the 
tube axis, which anchors the tube in the TS. The upward load which attempts 
to pull the tube out of the TS is calculated by multiplying the 
primary-to-secondary pressure .differential times the tube cross-sectional 
area. The "pullout" load is multiplied by a factor of conservatism, 
appropriate to the Normal Operation and faulted condition cases. This 
required resistance to pullout then determines the axial length of sound roll 
expansion (hardroll). This length is F*.  

The anchoring force is a function of the three mechanisms mentioned above, and 
for a given condition, it is also a function of location in the TS. In the 
cold leg (CL), the thermal expansion preload is less than it is in the hot leg 
(HL). The TS bow (bending deflection) anchoring effect is also a function of 
location in the TS. Peripheral tubes derive essentially no additional 
anchoring due to TS bending upward during Normal Operation and during other 
conditions when the primary side pressure exceeds the secondary side 
pressure. Therefore, the most conservative location at which F* is calculated 
is a peripheral tube on the CL.  

The required length of sound roll expansion for the three faulted conditions 
which cause an upward force on the tube is dominated by the feedline break 
(FLB) condition; Loss of Load Accident and Loss of Flow Accident are less 
stringent cases. The LOCA condition entails a downward force on the tube and 
therefore is not relevant in the determination of F*.  

The larger of the required lengths of sound roll expansion for the Normal 
Operation and FLB conditions is used to determine F*., To this intermediate F* 
value is added a small length for conservatism to arrive at the final F* 
value. This final F* value doesn't include any value for eddy current test 
(ECT) measurement error.



IMPACT OF STEAM GENERATOR CONDITIONS ON F* FOR SONGS 1 

Reference to the Table I shows that, for the SONGS 1 Normal Operation 
condition, the primary-to-secondary pressure differential is the same as it is 
for Connecticut Yankee (CY). For this reason the Normal Operation - required 
length of sound roll expansion below the bottom of the roll transition would 
be the same for the two plants. However, because of the slightly higher CL 
temperature, 553 degrees F for SONGS 1, versus the 546 degrees F for CY, the 
thermal expansion preload for SONGS 1 will be slightly greater than for CY.  
Therefore, a slightly smaller length of sound roll expansion will be required 
for the same resistance to tube pullout for SONGS 1 than for CY.  

For the most stringent faulted condition, FLB, the primary-to-secondary 
pressure is the same for both plants. However, because of the slightly higher 
CL temperature, 553 degrees F for SONGS 1 versus 546 degrees F for CY, the 
thermal expansion preload for SONGS 1 will be slightly greater than for CY.  
Therefore the required axial length of sound roll expansion for SONGS 1 will 
be slightly less than for CY.  

The Normal Operation - required length of sound roll expansion for CY exceeded 
that for FLB. Therefore, F* was determined by Normal Operation. The same 
will be true for SONGS 1.  

CONCLUSION 

Based on the conditions listed in Table I, the required length of sound roll 
expansion, i.e., F*, for any tube in the SONGS 1 steam generator will be 
bounded by F* for CY. The F* for said plant was determined to be 0.75 in.; 
this value will also apply to SONGS 1.  
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Table I 
COMPARISON OF SONGS 1 AND CY STEAM GENERATOR 

OPERATING CONDITIONS AND EFFECT OF F* 

IMPACT ON F* 
THERMAL 

VALUE OF PARAMETER EXPANSION PRESSURE TUBESHEET 
CONDITION PARAMETER (1) SONGS 1 (2) CY PRELOAD PRELOAD BOW 

NORMAL 
OPERATION Pprimary 2085 psig 2050 psig N/A N/A N/A 

Psecondary 710 psig 675 psig N/A N/A N/A 

Delta P 1375 psi 1375 psi N/A NONE NONE (a) 

Thot 597.6 0F 587.0*F N/A N/A N/A 

Tcold 553 0F 546.0*F F* < F* N/A N/A (b) 
SONGS 1 CY 

Tsteam 504.70F 501.5 0F N/A N/A N/A 

Tfeedwater 417.4*F 411.8 0F N/A N/A N/A 

FEEDLINE 
BREAK Pprimary 2650 psig 2650 psig N/A N/A N/A 

Psecondary 0 0 N/A N/A N/A 

Delta P 2650 2650 N/A NONE NONE 

Thot 597.6 0F 587.0*F N/A N/A N/A 

Tcold 553.00 F 546.0*F F* < F* N/A N/A (c) 
SONGS 1 CY 

(1) Report No. SE-SP-40(80) Rev. 1, Steam Generator [Sleeving] Repair Report, 
Report for Southern California Edison San Onofre 1, March 1981.  

(2) CY Steam Generator Equipment Specification 675194, 9/27/63.  
(a) Delta P is same for both plants.  
(b) (Most stringent case involves CL).  
(c) (Most stringent case involves CL).



Table I (Cont'd) 

IMPACT ON F* 
THERMAL 

VALUE OF PARAMETER EXPANSION PRESSURE TUBESHEET 
CONDITION PARAMETER (1) SONGS 1 (2) CY PRELOAD PRELOAD BOW 

LOCA Pprimary 0 0 <----------NONE----------) (d) 

Psecondary 710 psig 1000 psig <----------NONE----------> 

Tsteam 70*F 545*F <----------NONE---------> 
generator 

LOSS OF Pprimary 1420 psig 1500 psig <----------NONE----------> (e) 
LOAD 
ACCIDENT Psecondary 964 psig 970 psig- <----------NONE----------> 
(LOLA) 

Delta P 456 psi 515 psi <----------NONE--------> 

Tsteam 542 0F 542*F <----------NONE--------> 

LOSS OF Pprimary 1900 psig 1730 psig <----------NONE----------> (f) 
FLOW 
ACCIDENT Psecondary .930 psig 923 psig <----------NONE--------> 
(LOFA) 

Delta P 970 psi 807 psi <----------NONE--------> 

Th = Tc 539*F 538*F <----------NONE---------> 

Tsteam 538 0 F 535*F <----------NONE----------> 

(d) F* is based on tube pullout. LOCA pushes tube into tubesheet.  
(e) For faulted conditions, F* is set by FLB, not LOLA. F* FLB > F* LOLA.  
(f) For faulted conditions, F* is set by FLB, not LOFA. F* FLB > F* LOFA.  
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DOCKET NO(S). 50-456, 50-457; 50-454, 50-455; '50-237, 50-249; 50-373, 50-374; 
50-254, 50-265; 50-295, 50-304 
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U.S. Environmental Protection Agency 
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230 South Dearborn Street 

SUBJECT: Chicago, IL 60604 
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The following documents concerning our review of the subject facility are transmitted for 
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Facility Operating License, dated .  

] Bi-Weekly Notice; Applications and Amendments to Operating Licenses Involving No 
Significant Hazards Considerations, dated [see page(s)] .  

] Exemption, dated .  

] Construction Permit No. CPPR- , Amendment No. dated .  

[L] Facility Operating License No. , Amendment No. dated .  

[ Order Extending Construction Completion Date, dated .  
[ Monthly Operating Report for transmitted by letter dated .  
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transmitted by letter dated Feb., 1988 
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