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MEMORANDUM TO:

William H. Bateman, Chief
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THRU:
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Materials and Chemical Engineering Branc
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SUBJECT:

SUMMARY OF THE AUGUST 25, 1999, MEETING WITH INDUSTRY
TO DISCUSS OPEN ISSUES RELATED TO GENERIC LETTER 95-05,
"VOLTAGE-BASED REPAIR CRITERIA FOR WESTINGHOUSE
STEAM GENERATOR TUBES AFFECTED BY OUTSIDE DIAMETER
STRESS CORROSION CRACKING"

On August 25, 1999, the NRC staff met with representatives of the industry to discuss open
issues related to Generic Letter (GL) 95-05, "Voltage-Based Repair Criteria for Westinghouse
Steam Generator Tubes Affected by Outside Diameter Stress Corrosion Cracking." For the
most part, these issues deal with extensions that industry would like to make beyond the
methodology defined in GL 95-05. Meeting attendees are identified in Attachment 1. The
slides presented during the meeting are provided as Attachment 2.
During the meeting, the NRC staff and industry discussed nine open issues associated with the
generic letter and the steam generator tube pull program. As stated during the meeting and as
indicated- below, the staff considers that several of these issues remain open. Right now, the
staff is focusing available resources on evaluating the industry proposal for an alternative tube
pull program and voltage dependent probability of detection. The staff will address additional
issues as resources become available. A summary of each item is included below:
Issue #1 - Voltage Dependent Probability of Detection
The staff is concerned that approval of this proposed change would result in less conservative
predictions of end-of-cycle leakage and conditional burst probabilities. Based on the
experience gained thus far in the application of voltage based tube repair criteria, the approval
of voltage dependent probability of detection may reduce the level of conservatism in the overall
methodology below acceptable levels.
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The industry believes the change reduces unnecessary conservatism and requested continued
NRC review. The NRC staff stated that no additional information is needed from the industry
on this issue but NRC has not completed its review. This issue requires prior NRC review and
approval.
Issue #2 - Correlation Relating Axial Tearing Failure to Bobbin Coil Voltage
The application of repair criteria in GL 95-05 to tube support plate (TSP) intersections with
restricted motion was an industry proposed extension to address severely degraded steam
generator tubes. The NRC staff considers this issue outside the scope of the GL and agrees
that, at this time, review of correlations for this type of application can be done on a plant
specific basis. The industry stated that there is a limited number of plants that could use this
application and correlations could be approved on a plant-specific basis. Therefore, the
industry concluded that it would not be cost affective to develop a generic approach and
suggested closing this item.
Based on the above, the NRC staff and industry consider this issue closed.
Issue #3 - Voltage Calibration Procedures
This issue involves the need to implement consistent inspection calibration procedures in order
to accurately determine plant specific voltage growth rates. Industry-proposed approaches to
address this issue may help to reduce errors in the calculated growth rate, but other changes
under evaluation by the staff that were not considered by the industry may provide more
consistent voltage readings. In addition, the staff has identified other potential sources of error
(i.e., mixing algorithms in data analysis software) that may need to be addressed.
The industry stated that their experience using different software packages has not indicated
significant differences. Quantifying the differences would require detailed analysis of common
sets of indications applying different software. The industry considers this issue closed.
Because the NRC staff has not fully resolved all of its concerns with the ability of the proposed
changes to correct potential problems with eddy current inspections, the staff will keep this
issue open until its review is complete. In the meantime, the industry intends to continue using
these procedures.
Issue #4 - Voltage Dependent Growth Rates
Attachment 1 to GL 95-05 briefly mentions the conditions necessary for assuming non-voltage
dependent ODSCC growth rates. However, at the time the generic letter was issued, voltage
dependent growth rates had not been observed. In order to ensure the conservative application
of voltage based repair criteria, it may be necessary to develop criteria to define when voltage
dependent growth rates need to be considered by licensees and how these growth rates are
applied.
The NRC staff and industry both consider this issue to be open. This issue requires prior NRC
review and approval.
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Issue #5 - Accelerated Growth Rates for Depluqped Tubes
This issue involves the need for a methodology for developing growth rates for deplugged
tubes. The ýindustry stated that Addendum 2 to the EPRI database provided a methodology for
developing growth rates for deplugged tubes and considers this issue closed. Licensees who
deplug tubes would likely use this methodology in their operational assessments.
The NRC staff will still need to evaluate whether additional information needs to be submitted to
support closure of this issue.
Issue #6 - Nonconservative End-of-Cycle Predictions for a Small PoDulation of Indications
Experience shows that when licensees apply voltage based repair criteria to steam generators
with a low number of ODSCC indications (less than 20), the resulting end-of-cycle prediction of
the distribution of indications may be nonconservative. The issue involves the need to establish
additional requirements for the application of voltage based repair criteria to steam generators
with a small number of ODSCC indications.
The industry stated that these differences are negligible and do not warrant additional
requirements. The staff believes there are very few plants that could be affected by this
phenomenon. In addition, under predictions of the burst probability and accident-induced leak
rate are insignificant with respect to reporting limits or limits established based on dose
calculations, respectively. Therefore, the NRC staff and industry consider this item can be
closed.
Issue #7 - Applying the Voltage Based Repair Limits to Intersections with Low Voltage Dents
The industry supports the application of voltage based repair criteria to indications at low
voltage dents (i.e.-, 3-5 volts) detected by rotating probes, but not by bobbin coil probes. The
staff considers this position to be an interpretation of the guidance in GL 95-05. The staff and
industry briefly discussed the technical basis that supports the industry position.
The industry has implemented two methodologies for applying a bobbin voltage to indications
that are only detected by rotating coil. The industry stated that the two methods will be further
documented in Addendum 3 to the EPRI database report.
The NRC has not completed its review of this issue. However, in the meantime, the industry
may continue to rely on this interpretation of GL 95-05.
Issue #8 - Inspection of Intersections with Low Voltage Dents
The industry recently qualified the bobbin coil probe for detecting primary-water stress corrosion
cracking (PWSCC) in 'low voltage dented tube support plant intersections. It was noted that the
voltages of some of the indications that were difficult to detect during the qualification program
were in excess of the lower voltage repair limits in GL 95-05. Although the qualification
program was for PWSCC rather than ODSCC, the results appear to indicate that the ability of
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analysts to detect indications at dented support plate locations may be lower than previously
believed. Therefore, the NRC staff believes in may be necessary to re-evaluate the
acceptability of the five volt dent exclusion criteria included in GL 95-05.
Based on the PWSCC samples tested, the industry does not agree that there is a need to
reevaluate the acceptability of the five volt dent exclusion criteria included in GL 95-05 and
believes this issue should be closed.
The NRC staff has not completed its review of this issue and it may be necessary to discuss
this issue with the industry in the future.
Issue #9 - Application of Repair Criteria with Competing Damage Modes
'The presence of denting at tube support plate intersections may introduce degradation that is
outside the scope of GL 95-05 (e.g., PWSCC, circumferential cracking). The bobbin coil may
not be an effective discriminator of the various modes of degradation at these locations.
Consequently, there may be a need to assess the past performance of the industry in
distinguishing between the various modes of tube degradation and the need to establish
additional guidance to minimize the potential of dispositioning degraded tubes using appropriate
repair criteria.
The industry stated that it does not agree that there is a need to develop additional guidance
and that sufficient guidance exists in EPRI steam generator examination guidelines for active
degradation. The industry stated that experience for data reviews as part of inspections have
not identified any PWSCC indications previously characterized as ODSCC.
Because experience has shown this not to be a concern, the NRC staff and industry consider
this issue closed.
Tube Pull Program
During the meeting, the industry proposed an alternate tube pull program to the guidance
provided in GL 95-05. Specifically, the program would attempt to acquire additional leak rate
data only for the ranges of voltages wherethe current database does not include pulled tube or
model boiler test data. Data deficiencies in the burst correlations would not necessitate tube
pulls because the data sets used to support these correlations are robust. Industry
representatives indicated that the cost of pulling and destructively examining two intersections
in accordance with GL 95-05 is approximately $750K.
The NRC will review the industry tube pull program proposal.
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ATTACHMENT 1

ODSCC Alternate Repair Criteria
Open Issues

ODSCC ARC OPEN ISSUES
• Issue #1 - Voltage Dependent POD
-

NRC's concern - Based on experience, the voltage based POD may reduce
the level of conservatism below acceptable levels

-

Industry's response - The voltage dependence reduces unnecessary
conservatism
* For indications > 1 volt, the projections are considerably distorted, which
reduces the effectiveness of comparisons between projections and
measurements for condition monitoring
* The only example of an underprediction was a single very large voltage
indication
- POD of 0.6 would not have significantly improved the projection

-

NRC concurrence to include voltage dependent POD as the reference
method for ARC analyses remains an open issue and completion of the
NRC review is requested
'7

ODSCC ARC OPEN ISSUES
* Issue # 2 - Correlation relating axial tearing failure to
bobbin coil voltage
-

NRC's concern - Severely degraded SGs with modifications to restrict
TSP motion are outside the scope of the original GL 95-05. It may be
necessary to develop a generic approach for this application.

-

Industry's response - There is a limited number of plants that could use
this application. Correlations have been established on an as-needed
basis. It would not be cost affective to develop a generic approach.

-

The industry suggests closing this issue. NRC approvals can be provided
on a plant specific basis.
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ODSCC ARC OPEN ISSUES
• Issue # 3 - Voltage calibration procedures
NRC's concern - The industry needs consistent inspection calibration
procedures in order to accurately determine plant-specific growth rates.
The staff would like to discuss other potential sources of error (i.e.,
mixing algorithms in data analysis software)
-

Industry's response - Industry experience using different software
packages has not indicated significant differences. Quantifying the
differences would require detailed analysis of common sets of indications
applying different software
The industry considers this issue closed. The voltage calibration
procedure given in Addendum 2 has been implemented by the industry.

d

ODSCC ARC OPEN ISSUES
• Issue # 4 - Voltage dependent growth rates
-

NRC's concern - The staff sees a need for developing voltage-dependent
growth rates. The industry needs to determine when it would be necessary
and how to apply it.

-

Industry's response - The industry agrees with this concern for plants with
repair criteria over 2 volts.

-

The industry considers this issue open. When NRC concurs on a
methodology, the criteria can be refined, if necessary, to define when
voltage dependent growth rates should be considered. Addendum 2
submitted to the NRC May 1998 describes a methodology for voltage
dependent growth distributions (Section 8.2) and details of a benchmark
analysis.
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ODSCC ARC OPEN ISSUES
• Issue # 5 - Accelerated growth rates for deplugged tubes
-

NRC's concern - The staff sees a need for a methodology for developing
growth rates for deplugged tubes

-

Industry's response - Addendum 2 to the EPRI database (Section 8.3)
provided a methodology for developing growth rates for deplugged tubes.
It describes how to select a bounding growth rate distribution for
deplugged tubes, a method of combining growth data for active and
deplugged tubes, and a comparison of leak and burst projections based on
benchmark analysis.

- The industry considers this issue closed.

ODSCC ARC OPEN ISSUES
* Issue # 6 - Nonconservative EOC predictions for small
population of indications
-

NRC's concern - Experience shows that when the number of ODSCC
indications are <20, the EOC predictions are nonconservative. It may be
necessary to develop additional requirements for the application of the
voltage based repair criteria when a small number of indications are
identified.

-

Industry's response - These conditions tend to occur in the first cycle or
two of an ARC application. The predictions are noneonservative in
comparisons with very small numbers such as leak rates of a few tenths of
a gpm or burst probabilities of 104. These differences are negligible and
do not warrant additional requirements

- The industry considers this issue closed.
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ODSCC ARC OPEN ISSUES
* Issue # 7 - Applying the GL 95-05 ARC to small voltage
dented intersections (3-5 volts)
-

NRC's concern - The staff considers the application of the ODSCC ARC
to small voltage dented intersections as an interpretive extension of the
guidance in GL 95-05. They would like to discuss the industry's approach
when ODSCC is only detected by rotating coil. They would also like to
discuss their position.

-

Industry's response - The industry has implemented two methodologies
for applying a bobbin voltage to indications that are only detected by
rotating coil.
* These two methods will be further documented in Addendum 3 to the EPRI
database report

ODSCC ARC OPEN ISSUES
Issue # 7 - Continued
-

ODSCC indications are detected by RPC in <5 volt dented
intersections
"* During

required inspections of dented intersections
"* When using the TSP as a locator when inspecting freespan indications
-

It has been the industry's practice to develop plant-specific

methodologies to infer a bobbin voltage to these indications when
they are not detected by bobbin coil
• To determine the need for repair
* To determine RPC expansions if repairable indications are identified
• To include the indications in the SLB burst probability and leak rate
analyses

L/

ODSCC ARC OPEN ISSUES
Issue # 7 - Continued
> Method 1
-

Bobbin voltages can usually be obtained from flaw identification

at 200 kHz
" Once the flaw is identified by RPC, the bobbin data can be
reanalyzed using the 200 kHz channel. The majority of the time
the flaw can be identified.
"• A peak-to-peak voltage measurement is made on the mix based on
the 200 kHz presentation
"• The flaw segment ("dots" in lisajous analysis) viewed without
reevaluation in the prime/quarter frequency mix channel is
recorded to obtain the reference bobbin voltage for the indication.
"*This application is limited to dents < 5 volts
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ODSCC ARC OPEN ISSUES
Issue # 7 - Continued
> Method 2
- Bobbin voltages can be inferred from a site-specific correlation
of bobbin voltage to RPC voltage
"*A site-specific database with bobbin voltage and RPC voltage for
ODSCC indications is needed with indications from 0.1 to 3 volts

oP.

A

"*Correlation

can be applied even though there may not be adequate
data to satisfy a 5% P value
- If the plant meets the 5% P value requirement, these

indications can be assigned a bobbin voltage and left in
service if inferred voltage is less than the repair limit
- If the plant can not meet the 5% P value requirement, these

-

indications can be assigned a bobbin voltage to be included in
calculations; however the tube will be preventively removed
from service but expansions would only be required if
inferred voltage is greater than the repair limit
This method may be applied for all dent sizes and intersections with mix
residual signals that mask a bobbin signal
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ODSCC ARC OPEN ISSUES
Issue # 7 - Continued
> Method 2 (Continued)
Example of a plant with 7/8" tubes
- The method of least squares was used for the correlation
- Linear and logarithmic forms of the variables were considered
- Least square regression analysis was performed for five

combinations of variable forms and data distributions
- Linear/Linear correlation found to have the highest R2 and

selected for use. Residuals and small p-value satisfy
requirements for a correlation
- Available data from 0.1 to 3 RPC volts included in correlation to

span principal range of potential application
- Sensitivity studies for smaller data ranges (0.5 to 2.5, etc.) do not

significantly change correlation and result in lower R2
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Summary of Bobbin to RPC Voltage Correlation for the Example Cited
80 mil Pancake Coil RPC Data
RPC Voltage

Functional Form

Index of
Determination
r2

p-value(')

Corresponding to
Bobbin 2 volt
Repair Limit(2 )

Bobbin voltage vs RPC voltage

47.3%

1.7 x 10-32

1.38

Bobbin voltage vs RPC voltage (zero intercept)

21.4%

3.5 x 10.19

Not Considered

Logio(Bobbin) vs RPC voltage

36.1%

4.8 x 10-26

Not Considered

Logio(Bobbin voltage) vs Logio(RPC voltage)

38.4%

4.8 x 1048

Not Considered

Bobbin voltage vs Logio(RPC voltage)

42.4%

1.2 x 1031

1.56

(1) For the slope parameter.
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Figure 8-1
Bobbin to RPC Voltage Correlation for an Example Case
Bobbin Volts vs 80 mil Mid Range Pancake RPC Volts
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ODSCC ARC OPEN ISSUES
* Issue # 7 - Continued
-

The curve representing the one-sided 95% confidence bound on the
mean correlation can be represented by the following equation
Vb= 0.77 + 0.82 x Vrpc + 0.06x V2 rc

- This correlation is valid for RPC voltages between 0.1 to 3 volts
-

This equation is an example of a plant-specific equation and not
meant for generic use
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ODSCC ARC OPEN ISSUES
° Issue # 8 - Inspection of intersections with low voltage
dents
-

NRC's concern - During the qualification of bobbin for detection of
PWSCC in low voltage dented intersections, it was noted that the lower
voltage dents caused PWSCC to be more difficult to detect. This could
also be the case of ODSCC

-

Industry's response - The industry does not agree that there is a need to
reevaluate the acceptability of the 5-volt dent exclusion criteria included
in GL 95-05

ODSCC ARC OPEN ISSUES
• Issue # 8 - Continued
The 4 indications not detected in the 39 PWSCC samples in the ETSS
96012 qualification had max depths of <40%. This low max depth caused
the indications to be difficult to detect, not the dent voltage. When the
indications are more significant in size, they are detectable by bobbin in
<5 volt dents.
- PWSCC and ODSCC are significantly different
"*PWSCC occurs coincident with a localized dent which could mask the
indication more than a flaw away from the dent, which is typical of ODSCC
"* PWSCC phase angles, particularly for shallow indications, are not as well
separated from the dent response as OD phase angles
- Flaw voltages are increased by the influence of the dent since peak-to
peak voltages are sized.
- Potentially missed indications are accounted for in the POD adjustments
-
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ODSCC ARC OPEN ISSUES
* Issue # 9 - Application of ODSCC ARC with competing
damage modes
-

NRC's concern - Denting causes degradation that is outside the scope of
GL 95-05 (PWSCC, circ cracking). The bobbin coil is not effective at
discriminating the various modes of degradation. There may be a need to
develop additional guidance.

-

Industry's response - The industry does not agree that there is a need to
develop additional guidance. Guidance exists in EPRI SG Examination
Guidelines for active degradation.
"*For plants with active PWSCC at dented intersections applying the ODSCC
ARC, a sample inspection with a +Point is required for dents >2 volts
"• For plants without active PWSCC, the initial occurrences of PWSCC or circ.
cracking can be expected to initially occur in > 5 volt dents which are sampled
in all ARC inspections. When cracking is identified near 5 volt dents, the
inspections are expanded to < 5 volt dents

wo
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ODSCC ARC OPEN ISSUES
• Issue # 9 - Continued
-

-

-

+Point provides adequate characterization of different modes of

degradation.
If there was a problem in the industry of PWSCC or circ cracking being left
in service in ODSCC ARC tubes, some of them would have grown to
detection and the problem would have been identified.
No indications dispositioned by the ARC have been identified to be

PWSCC or to include circ. cracking by later RPC inspections or by tubes
pulled to support the ARC
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ODSCC ARC OPEN ISSUES
* Tube Pull Program
- Current Requirement
"* Two pulled tubes with a minimum of four intersections during the outage
implementing the ARC or a preceding outage
"• Additional tube pulls with a minimum of two intersections at the refueling
outage following 34 EFPM following the previous tube pull
- Objective
"* Characterize the crack morphology as dominantly axial ODSCC
"* Support the burst correlation
* Support the leakage correlation
- Selection Criteria
"* Intersections with large voltage indications
"* Intersections that cover a range of voltages, including intersections with no
detectable degradation
"* Single dominant crack
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ODSCC ARC OPEN ISSUES
* Tube Pull Program (Continued)
- 211 intersections have been pulled to date to support the ODSCC ARC
"*No pulled tubes have identified a different crack morphology. The
differences between pulled tubes is principally in the degree of cellular
corrosion
"*The burst pressure versus bobbin voltage correlation has not changed
significantly since 1995. Additional data have resulted in changes in the
structural limit by about 1/2 volt or less.
"*Changes in the leak rate versus voltage correlation have been more significant
due to the smaller database on leaking tubes
- This should become our primary objective for pulling additional tubes
-

Generic Letter 95-05 acknowledged that industry would develop a
tube program
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Table 8-2. Summary of Current Number and Target Number for Pulled Tube
Intersections with Leakage
Voltage
Range

Total No. of TSP
Intersections
%"
7/8"9"
Tubing Tubing

Current No. and Target No. for
Indications with Leakage
7/8" Tubing
Tubing
Current Target Current Target
No.
No.
No.
No.

< 1.0

42

48

0

0

0

0

>10,-2,0
> 2.0- 3.0
> 3.0- 4.0
> 4.0 - 5.0
> 5.0 - 6.0
> 6.0 - 7.0
>7.0-8.0
> 8.0 - 9.0
> 9.0 - 10.0
> 10.0- 11.0
> 11.0 - 12.0
> 12.0 - 13.0
> 13.0- 14,0
> 14.0- 15.0
> 15.0- 16.0
> 16,0- 17.0
> 17.0- 18.0
> 18.0- 19.0
> 19,0 - 20,0
> 20.0
> 30,0
Total

16
5
3
4
1
2

25
8
8
4
5
2
1
1
1

1
2
1
2
1
2
0
2
3
2
3
0
1
0
2
1
1
0
0
1
0
25

0
0
1
0
1
0
2
0
0
0
0
2
1
2
0
1

0
1
0
1
0
1
1
0
0
0
0
0
1
0
0
0
1
0
0
0
1
7

0
0
2
1
2
1
1
2
2
2
2
2
1
2
2
2
1
2
2
2
1

2
3
2
3
1
2
1
1

1
89

3
1
2

1
4
1
3
4
122

1
2
2
1
2

Comments

Negligible likelihood
of leakage
Low (<20%)
likelihood of leakage
for 7/8" tubing

21L/

ODSCC ARC OPEN ISSUES
• Tube Pull Program (Continued)
-

131 of the 211 indications pulled had voltages less than 2 volts
0 Crack morphology features typically are not well established
- Indications less than 3 volts for 3/4" and less than 4 volts for 7/8" have a
very low likelihood of leaking and therefore do not contribute to the
leakage correlation
- The 3/4" tubing leakage database is extensive and only 4 indications are
needed to complete a database of 2 indications in each one-volt bin up to
12 volts.
It is recommended that future tube pulls be targeted toward obtaining a
leak rate database of 2 leaking indications in each one-volt bin where
leakage is potential (i.e., >3 volts)

2G
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ODSCC ARC OPEN ISSUES
• Tube Pull Program (Continued)
-

-

The plants with the ODSCC ARC are spending a large amount of O&M
dollars and outage time pulling tubes that add nothing to the database
The cost of pulling two intersections and laboratory analysis is
approximately $750,K
"* The outage impact is at least one day = at least $250K
"* Exposure attributed to tube pull is at least 6.8 Rem

24/o
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ODSCC ARC OPEN ISSUES
Tube Pull Program (Continued)
Recommendation
"* GL 95-05 recognized an anticipated industry tube pull program
"• Focus future tube pulls on intersections that add to the leak rate database (i.e., 2
leaking indications in each one volt bin greater than 3 volts)
"* A new ARC plant would be required to pull 4 intersections by the end of the first
cycle following implementation unless they met the requirements (i.e., an indication in
a bin requiring leak rate data) for tube pulls in the first inspection
"• After 3 operating cycles following the last tube pull in a plant, indications will be
evaluated for tube removal based upon the following:
- If no indications are found that could add to the leak rate database, no tube pull is necessary
- If an indication is identified during an inspection that could add needed data to the leakage
correlation, this intersection will be pulled.
- If after 4 cycles following the last tube pull no indications have been pulled to fill bins, one
tube with an attempt to pull two intersections would be pulled to validate morphology
"* No

pull is required for plants in the outage prior replacement
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ODSCC ARC OPEN ISSUES
• Overall Conclusions
-

-

The resolution to Issue 7 (indications found by only RPC in dents) and the
Industry Tube Pull Program will be documented in Addendum 3 of the
EPRI database
Issue 1 relative to the use of voltage dependent PODs continues to be open
pending NRC response on prior submittals
* Addendum 3 will include an update of POPCD although there is negligible
difference compared to the Addendum 2 POPCD from recent inspections

-

-

Issue 4 relative to voltage dependent growth rates requires NRC
concurrence on the methodology submitted in Addendum 2
Industry considers Issues 2, 3, 5, 6, 8 and 9 to be closed by this presentation

