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Commanwealth Edison Company
1400 Opus Place
Downers Grove 1L 605155701

ComEd

September 24, 1996

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Attn. Document Control Desk

Subject Braidwood Station Unit |
NRC Docket Number. 50-456

Response to Request for Additional Information Pertaining to Operating Interval
Between Eddy Current Inspections for Circumferential Indications in the
Braidwood Unit 1 Steam Generators

References:  See Attachment

In the Reference 1, the Commonwealth Edison Company (ComEd) provided the Nuclear
Regulatory Commission (NRC) with the “Braidwood Unit 1 Cycle Length Assessment Report
Addendum” which justified operation of the Braidwood Unit 1 for a full cycle prior to steam
generator tube inspection  This report was supplemented via Reference 2. Reference 3
transmitted the NRC’s Request for Additional Information (RAI) on the elimination of the
Braidwood Cycle Length. References 4, 5 and 6 transmitted ComEd’s response to 21 of the 31
RAls. Attachment A provides the complete response to all 31 RAls. Please note that a small
portion of the responses that have been previously submitted have been updated. These
revisions are noted by “revision bars.” Attachment B details changes to the August 2nd and
September 10th submittals Attachment C details changes to Attachmant B.

The Referenced documents transmitted 3 approaches which ComEd used to evaluate if full cycle
operation of Braidwood Unit | These evaluations consists of’

- The Probability of Detection Approach (POD) utilizes the 23 detected and repaired tubes
from the Braidwood 10/95 inspection adjusted for growth rate, probe wear, analyst
uncertainty and POD

- The Look Back Approach utilizes the 23 detected and repaired tubes from the Braidwood
10/95 inspection and the Byron look back evaluation, performed on 1995 and 1996 data
adjusted for growth rate, probe wear, and analyst uncertainty
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NRC Document Control Desk -2- September 24, 1996

- The End of Cycle Approach utilizes the 128 detected and repaired tubes from the Byron
1994 inspection and the Byron look back evaluations, performed on 1995 and 1996 data
adjusted for probe wear and analyst uncertainty.

Attachment D presents the results of the 3 approaches. ComEd has concluded that the End of
Cycle Approach envelopes the distribution of circumferential cracks estimated to be detected in
Braidwood Unit | at the end of the current operating cycle.

The End of Cycle Approach is summarized as follows:

ComEd has assessed the margins for leak and burst using evaluation assumptions,
procedures and criteria that are in compliance with the guidelines provided in GL95-05 These
are:

- The EOC voltage distribution determined from the Byron 1 inspection at EOC-6 in 1994
was used for the evaluation of EOC-6 at Braidwood | The distribution included the
tubes detected and repaired at Byron 1 in 1994 and the tubes determined by the 1995 and
1996 look-back evaluations to have indications in 1994 that were not repaired. Both
average and maximum voltage distributions were evaluated.

- The distributions were adjusted for probe wear and analyst uncertainty using the values
presented in response to RAls 25 and 31, respectively. Because the EOC-6 distributions
are used directly, explicit POD and growth rate analyses are not required.

- The leak rate was computed for the maximum EOC voltage distribution using the
procedure describe in response to RAI 16, which includes a log-logistic fit at the 95%
confidence level for probability of leakage.

- The conditional probability of tube burst was computed for both the maximum and
average EOC voltage distributions. The computation was performed using the statistically
developed exponential burst pressure versus voltage correlation describes in the response
to RAI 8 = The criteria specified in GL 95-05 will be used to evaluate the conditional
probabilities for the EOC distributions

This approach combines a conservative beginning of cycle distribution with the conservative
approach outlined in GL 95-05 to provide results for assessing steam generator structural

integrity
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ComEd conclusion to utilize the EOC approach is supported based upon:

- The operating time for Byron Unit 1 (EOC-6) is slightly greater than that for Braidwood
Unit 1 (EOC-6),

The Byron and Braidwood Unit 1 steam generators are identical, and
The Byron and Braidwood Unit 1 have the same operating experience.

Based on the results of these 3 analyses (Attachment D), ComEd concludes that Braidwood Unit
1 full cycle operation is justified. To ensure additional conservatism ComEd is preparing a
Technical Specification amendment to reduce the reactor coolant dose equivalent iodine limit for
the remainder of Braidwood Unit 1 Cycle 6. ComEd will perform in-situ leak tests, tube pulls,
repair all circumferenual indications on detection and use inspection technology equivalent to or
better than the 1996 Byron inspection at the March, 1997 refuel outage for Braidwood Unit 1.

ComEd is looking forward to meeting with the Staff on October 1 1o present our justification for
full cycle operation of Braidwood Unit 1. ComEd hopes that at the conclusion of the
presentation the Staff will concur that full cycle operation is justified. In the interim, if you have
any questions concerning this correspondence please contact Denise Saccomando, Senior PWR
Licensing Administrator at (630) 663-7283,

arold Gene Stanley
Site Vice President
Braidwood Station

Attachment

0
D. Lynch, Senior Project Manager-NRR
R. Assa, Braidwood Project Manager-NRR
C. Phillips. Senior Project Manager-Braidwood
A. W. Beech, Regional Administrator-RI11
Office of Nuclear Safety-IDNS
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e In the license's submittal dated August 2, 1996, a morphology assessment was provided
which attempts to demonstrate the similarity between circumferential crack indications
in Braidwood, Unit 1 to Byron, Unit 1 based on the relationship between the maximum
and the average eddy current (EC) voltages. However, the licensee did not provide a
sufficient basis for assuming an eddy current voltage assessment is indicative of
degradation morphology. Accordingly, provide data supporting the assumption that
circumferential flaws (either real and/or simulated) with morphologies different from
that found at Byron Unit | demonstrate a different and clearly distinct relationship
between the average and the maximum EC voltage such that differing morphologies
could be distinguished.

Response (9/17/96):

ComEd has concluded that the outside diameter stress corrosion cracking (ODSCC) observed at the
top-of-the-tubeshee (TTS) roll transition is primarily the result of tube fabrication, residual stress and
operating temperature. Therefore, the same degradation and rates of degradation are expected at
both Byron Unit 1 and Braidwood Unit 1. Eddy current testing (ECT) and characterization serve as
a confirmation of this expectation and to identify specific tubes for repair,

Demonstration that the degradation morphology on the OD of tubes at the TTS at Braidwood Unit |
is consistent with the circumferential indications found at Byron Unit | and other units is based on
several factors. These factors include: Alloy 600 tubing production, location, temperature,
environment, stress, and steam generator fabrication process. The EC rotating pancake coil (RPC)
average and maximum voltages were used to provide additional confirmation that the morphology
for circumferential indications at the TTS at Braidwood Unit 1 is within the experience base at
Byron Unit 1 and other plants with circumferential indications at the TTS



The basis for concluding that the morphology of circumferential indications at the TTS at Braidwood
Unit 1 is within the industry experience base include:

(1) The indications at Braidwood Unit 1 are in the same location and have the same orientation
as indications at Byron Unit | and other affected industry plants,

(2) the environment and temperature at Braidwood Unit 1 is the same as Byron Unit 1 in the
affected region. In addition, there is no chemistry environment at Braidwood Unit 1 that
would produce more adverse conditions relative to circumferential ODSCC compared to
Byron Unit 1. Further, there are no conditions that would produce copper deposits that
would interfere with degradation detection near the TTS,

(3) the stress and fabrication process in roll transitions at the TTS is the same as at Byron Unit |
and other similarly designed Westinghouse plants,

(4) the indications at Braidwood Unit | have the same EC attributes as Byron Unit 1 and other
affected plants in the industry,

(5) other modes of degradation that are specifically dependent on Alloy 600 condition, residual
stress, environment and temperature have occurred at Byron Unit 1 and Braidwood Unit 1,
and

(6) pulled tubes from Byron Unit 1 and Braidwood Unit 1 demonstrate the same Alloy 600
microstructure and degradation morphologies.

Additional NDE confirmation that the Braidwood Unit | circumferential indications are within the
Byron Unit 1 and industry experience base is provided by the plots of EC maximum versus average
voltage in Figures la and 1b. Figure la shows the industry data base for pulled tubes (56 data
points) and the bounds that encompass the data. These data include data from Byron Unit 1. These
data also include a range of deg-=dation levels including a tube where the percent degraded area
(PDA) was approximately 94% (also see response to Question 9). Figure 1b shows a comparison of
the bounds for the industry experience with the indications detected during the February 1995 and
October 1995 inspections at Braidwood 1. A comparison of the industry experience base, as
represented by the bounding lines, with the Braidwood indications provides additional confirmation
that the morphology at Braidwood Unit 1 is within the industry experience base. Three conclusions
are reached based on Figures la and 1b.

1) Two EC parameter bounds can be defined that encompass all roll transition circumferential
ODSCC degradation observed in the industry.

2) All Braidwood Unit 1 indications are within these bounds.

3) The trend in the Braidwood Unit | indication distribution is toward smaller indications.



ComEd has provided the NRC with all data on roll transition, circumferential ODSCC that exists
from tube pulls. There is no data to suggest a different morphology.

Therefore, there is no data to support a “different and clearly distinct relationship between average
and maximum EC voltage.” Therefore, no basis exists to determine that different morphologies need
to be distinguished.

2. In Section 4.3 of the licensee's submittal dated August 2, 1996, it is stated that
Braidwood Unit 1 growth rates had not been determined at the time of the submittal
due to difficulty in converting the EC test data. State when this work will be
completed and submitted to the NRC. If this conversion has been completed, submit
the results of the assessment.

Response (9/10/96):

Byron Unit | growth data has been used in assessment of Braidwood Unit 1 BOC-6 distribution::
because the Byron data is a statistically significant number of data points (over 750), meets the
requirements of GL 95-05 and some of the growth rates span an entire operating cycle. Byron data
for the two periods for which it was calculated (1994 to 1995 and 1994 to 1996) span long periods
of operation (342 and 448 days > 500F) minimizing the uncertainty in extrapolating the data to the
proposed operating interval for Braidwood Unit 1 of 461 Days.

Two 0.080” RPC inspections have been performed at Braidwood Unit 1, one in February 1995 and
one in October 1995 (EOC-5). The duration between the inspections is 202.74 days > SO00"F.

Twenty three indications were detected and repaired in the October 1995 inspection. All 23 were
present in the look-back to the February 1995 inspection. The growth rate data is calculated by
subtracting the February 1995 voltage reading from the October 1995 voltage reading. The
difference is then divided by the operating period (202.74 days) and multiplied by 365 to provide the
growth rate per year. The growth rate data is then put at the top of (0.1 volts and 0.05 volts bins
(e.g. 0.44 volts would be placed in the (.5 maximum voltage bin and 0.45 average voltage bin), for
maximum and average voltage growth, respectively. The growth rate results are shown in Figures 2a
and 2b for maximum and average voltage, respectively.

Application of the EOC approach, discussed in the September 10, 1996 submittal (Attachment A ),
applies the Byron EOC-6 distribution to Braidwood directly without growth rates. This distribution
provides for the entire population of indications in the worst SG at Byron, Unit 1 in 1994 (EOC-6)
and therefore is conservative. The basis for concluding that this assumption is conservative is
Braidwood Unit 1, in the Spring 1997, will have operated for a slightly shorter period than Byron
Unit 1 in 1994,



~

The licensee's assessment of Byron Unit 1 growth rates considered inspection data from
three inspection outages. Supply the growth rate data for each of the three intervals
between these outages; i.e., the interval between the first and second SG tube
inspections, the interval between the second and third inspection outages and the
interval between the first and third inspection outages. Indicate which of the intervals
exhibited the largest growth rate on an effective full power year (EFPY) basis. Provide
these data in tabular form separated into the voltage bins shown in Figures 4.3 and 4.4
of your August 2, 1996, submittal. Explain how the indications were: placed in a
particular bin. That is, state whether EC voltage values were truncated or rounded up
to the higher voltage bin (e.g., 0.45 volts would be raised to 0.5 volts).

Response (9/17/96);

Byron Unit 1 growth rate data for the three operating intervals is provided in Tables 3a and
3b. The growth rate data is calculated by subtrac:ing the voltage at the beginning of the
inspection interval from the voltage at the end of the inspection interval. The difference is
then divided by the operating period (342, 448 and 104 days for the three intervals) and
multiplied by 365 to provide the growth rate per year. The growth rate data is then put into
0.1 and 0.0% interval voltage growth rate bins, for maximum and average voltage growth,
respectively (e.g. 0.44 would be placed in the 0.5 maximum voltage growth rate bin and in
the (.45 average voltage growth rate bin).

Growth rates for the three intervals (1994 to 1995, 1994 to 1996 and 1995 to 1996) are
presented in Table 3a for maximum voltage and Table 3b for average voltage. Growth rate
data from 1994 to 1995 comes from the results of the 1995 (SG B) and 1996 (SG C) look-
backs, the remaining growth rates come from the 1996 indication look-backs.

The interval showing the greatest variation in growth rates normalized to a year is the
shortest interval between the 1995 and 1996 tube inspections. This variation in growth rate
for the 1995 to 1996 interval is considered to be a result of inaccuracies that occur when
changes in degradation levels are measured for relatively short time intervals. Because
corrosion cracks do not grow uniformly, measurement over short time intervals results in
scatter that is not representative of the average growth rate over the interval of interest. This
can easily be seen by comparing the data from the three intervals. If the short interval growth
rates are really representative, the vaniation seen in the 1995 to 1996 interval would also be
seen in the 1994 to 1996 interval.

A contributing factor of the scatter in the growth rates, is the multiplication of any ECT
sizing error, for the short interval, by a factor greater than three to normalize the data to one
year. For this reason, Byron Unit 1 growth data for the intervals 1994 to 1995 and 1994 to
1996 were used in assessment of Braidwood Unit 1 end of cycle six, EOC-6, distributions
because the Byron data is a statistically significant number of data points (over 750), meets
the requirements of GL 95-05 and the growth rates span an entire operating cycle. Byron
data for the two periods for which it was calculated (1994 to 1995 and 1994 to 1996) in the
August 2, 1996, submittal span long periods of operation (342 and 448 days > S00°F)



minimizing the uncertainty in extrapolating the data to the proposed operating interval for
Braidwood Unit 1 of 461 days.

Application of the EOC approach, discussed in the September 10, 1996, submittal
(Attachment A), applies the Byron EOC-6 distribution to Braidwood directly without growth
rates. This distribution provides for the entire population of indications in the worst steam
generator (SG) at Byron, Unit 1 in 1994 (EOC-6) and therefore is conservative. The basis
for concludin’; that this assumption is conservative is Braidwood Unit 1, in the Spring 1997,
will have opeated for a slightly shorter period than Byron Unit 1 had operated prior to their
1994 inspect .on.

Clarify the language in Section 4.2.2 of the text which states: "..one hundred three
(103) indications identified during the 1994 EC inspection were re-analyzed with the
0.080 inch RPC probe."

Response (9/10/96):

The statement refers to the scope of the voltage integral look-back re-analysis performed during June
of 1996. During the re-analysis the indications detected ard repaired in SG B and SG C in 1994
were re-analyzed. This total represents 103 indications. A total of 12¥ indications in all SG’s were
detected and repaired at Byron Unit 1 in 1994, Subsequent to issuing the Braidwood Cycle Length
Assessment Report dated August 2, 1996, the remaining 25 Byron Unit 1 1994 indications have been
re-analyzed.

8.

Supply in tabular form, the data used in the burst pressure and leakage correlations in
the submittal dated Augusc 2, 1996, including the following information: (1) the
metaliographic results (i.e., the percent degraded area, the maximum depth
circumferential extent), if available; (2) the SG tube material properties; (3) the EC
voltage measurements (maximum and average voltages) Indicating which inspection
probe was used: (4) the maximum test pressure; and (5) the burst pressure and/or leak
rate. As stated by the staff during the meeting held on August 26, 1996, some of the
SG tube burst data in the correlations relating EC voltage values to burst pressure may
have come from SG tubes which burst axially rather than circumferentially. Identify
in this table which data points in the correlations burst axially as weil as those that
exhibited mixed mode cracking as determined from the destructive metallurgical
examinations. Also, identify any indications that leaked during in-situ pressure testing
at a rate beyond the pump capacity.



Table 5 provides a summary of the tube pull burst and insitu pressure test data requested in RAI
Question 5. All the data are for top-of-the-tubesheet OD circumferential indications. A description
of each of the columns is provided below:

Test Method: This column identifies whether the test was a burst test, whether the tube was taken
to failure, insitu pressure tested or, whether the tube is taken to a target pressure to confirm
structural integrity. Additionally, as discussed in response to Question 6 three large voltage
indications maintained structural integrity at normal operating pressure. In no cases did a tube with a
TTS circumferential indication burst during insitu pressure or under normal operating conditions.

Metallographic Results: For tubes pulled from steam generators, metallographic sizing of the
defects have been performed. The results are docume~:iced for percent degraded area (PDA),
Maximum depth (deepest crack penetration into the tube wall), and circumferential extent of the
degradation.

Coil Size: The coil size used to acquire ECT data corresponding to the recorded voltages. All burst
data was acquired with the 0.080" RPC. Insitu pressure test data has been acquired with the 0 080"
and 0.115” RPC.

10V on 100% TW Hole: Maximum and average voltage results for the indication obtained by
normalizing to 10 volts on a 100% throughwall hole. No corrections are applied to this data. For
one tube, this flaw did not exist on the calibration standard and therefore the data is not included.

20V on 100% EDM Notch (normalized): The data in column “10V on 100% TW hole™, is
corrected in this field to the normalization procedure used in Byron and Braidwood look-backs. A
correction factor of 0.51 and 0.68 (September 20, 1996 submittal) is used to correct the analysis data
to 20V on a 100% TW EDM notch for (0.080™ and 0.115" RPC, respectively. The data in column
“10V on 100% TW hole™ is also corrected where the 0.115” RPC probe is used. The correction
tactor applied to the 0.115” RPC data is (.75 (September 20, 1996).

Insitu Pressure: Maximum pressure, in ksi, achieved during insitu pressure testing. No
corrections are applied to this data.

Burst Pressure: Maximum pressure, in ksi, achieved prior to burst of the tube or EDM simulant
specimen.

Operating Pressure: Normal operating differential pressure in ksi for tubes which were not burst
tested or insitu pressure tested.

Leak Rate: Actual measured leak rate during tube pull or insitu leak testing in gpm.

Adjusted Leak Rate: Actual measured leak rate corrected to Braidwood Unit 1 main steam line
break conditions (2560 psi, 600°F)



Insitu Leak Rate > Make-up at Maximum Pressure: In some cases during insitu pressure testing
the target test pressure could not be achieved due to excessive leakage through the crack for which
the test pump could not adequately make-up the necessary flow. This column indicates if this were
the case during testing. Leak rate testing is performed at pressures which the test pump had
adequate capacity to maintain leakage flow.

Yield Strength: Where tube pull data is available, the yield strength is reported in ksi.
Ultimate Strength: Where tube pull data is available, the ultimate strength is reported in ksi.

Axial or Circumferential Failure: During burst testing, the mode of failure is defined as axial or
circumferential. In one case the burst test was terminated after high pressures were achieved (>10
ksi) due to the failure of a test rig weld.

Mixed Mode: Tube pull burst tests for which metallographic examination identified mixed mode
cracking is identified in this column.

6 Analytical predictions of circumferential burst pressure as a function of the percent of
degraded SG tube area (PDA) are generally two-part correlations. Specifically, a
constant upper bound value dictates the axial burst pressure for SG tube with limited
degradation: However, more severely degraded tubes are governed by a relationship
indicating lower circumferential burst pressures with increasing values of PDA. Since
EC voltage may be related to PDA, it is possible that an empirical relationship between
voltage and burst pressure may follow a trend similar to that predicted by analytical
correlations. The voltage-burst pressure relationship included in the submittal dated
August 2, 1996, is a monotonically decreasing function over all voltages. Discuss the
basis for such a relationship in light of current analytical models for circumferential
burst pressure.

Response (9/17/96):

Available service data indicate that voltage and PDA do not necessarily follow the same trends
especially at relatively high degradation levels. Burst pressure capability has been predicted to
diminish relatively rapidly as a function of PDA once the PDA is beyond the value associated with
axial tube burst. Available service data, however, indicate that the decrease in burst pressure as a
function voltage is much more gradual for burst pressures lower than those associated with axial tube
burst.

This is illustrated in Figures 6a and 6b, where burst pressure is plotted as a function of maximum and
average voltage, respectively. The tubes corresponding to the three high voltage points in the figures
were not burst or insitu pressure tested, and the plotted pressures for these three tubes are normal
operating differential pressures (see data presented in response to Question 5). The pressure
differentials shown in the figures have been corrected for Industry LTL material properties. None of
these three tubes burst at normal operating differential pressures.




The dashed lines in the figures are extensions of the limit curves and were drawn as a comparison
with the high voltage points at normal operating pressure. The dashed portion of the limit curves
show there is a gradual drop in burst pressure immediately beyond the voltage associated with the
range of available burst data. The information in Figures 6a and 6b also provides further
confirmation that the deterministic burst curves are conservative, especially for average voltage
where extremely large margins are indicated at high voltages.

y A In Section 5.3 of the submittal dated August 2, 1996, it is stated that the assessment
provided follows the methodology in NRC Generic Letter (GL) 95-05. However, a 2xI0°
* frequency of indications greater than the structural limit is the proposed acceptance
criteria as stated in Section 5.4. This latter value is twice the value given in G1. 95-05.
Accordingly, clarify the discussion on the basis for using this proposed acceptance
criteria. In addition, provide a detailed discussion on the technical basis underlying the
assumptions in the analysis which is intended to demonstrate that the conditional
probability of burst for the SG tubes with voltage beyond the structural limit is less
than about 10” when the frequency of indications is less than 2x107,

Response (9/17/96):

The frequency of 2x107 is not intended to serve the same purpose as the conditional failure
probability criteria of 1x10” in GL 95-05. ComEd believes sufficient data is not available to
construct a probabilistic burst correlation as a function of voltage, therefore, a deterministic burst
curve was used. Because a deterministic curve was used, and the available data base did not extend
much beyond the structural limit, it was not possible to determine explicitly the conditional
probability of burst for the entire distribution as specified in GL 95-05. Consequently, criteria were
developed to provide a measure that could be used near the structural limit to determine if there was
acceptable margin against burst for an EOC distribution.

The frequency less than 2x10” beyond the structural limit is not intended to ensure the conditional
probability of burst is less than 10, The criteria to ensure adequate margin against tube burst has
two parts. The first part specifies that the frequency of tubes greater than the structural limit was
less than 2x10°, or, in other words, that 98% of the tubes would have voltages less than the
structural limit at the EOC. The second part of the criteria (submitted to the NRC on August 2,
1996) specified that the conditional failure probability per tube would be less than 10™; this part
provides assurance that the burst probability for a tube at or near the structural limit is very low. The
information provided to the NRC in the August 20, 1996, submittal demonstrated that the
conditional failure probability per tube at the structural limit is less than 10™ for the deterministic
burst curve.

This combined criteria was defined to ensure that there were relatively few tubes in the EOC
distribution beyond the structural limit, and that the contribution to probability of burst would come
from very few tubes or fractions of tubes at voltages beyond the structural limit, where the likelihood
of having tubes with voltages this high in service would be low. There is additional margin provided
by the deterministic burst curve where it is clear that the probability of burst at pressures on the burst
curve is significantly less than one. Further, the response to Question 6 showed that the burst



pressure does not drop rapidly beyond the structural limit, is conservative relative to available data
for high voltage indications; consequently, the probability of burst does not rise rapidly beyond the
structural limit. These additional margins are not quantified but provide defense in depth to the 10
per tube value at the structural limit,

In response to a Staff request, ComEd is evaluating the feasibility of developing probabilistic
correlations of burst pressure as a function of voltage as described Question &.

8. Provide the basis for the shape of the curve used to determine the lower bound SG tube
burst pressure. Determine whether a statistical fit to the data can be established using
the available data set; i.e., the statistical fit should be valid at the 5% level consistent
with GL 95-05. The guidance provided in GL 95-05 with respect to empirical models
should be addressed; e.g, provide the order of the regression equation. If a statistical
fit to the data can be established, provide a detaiied probabilistic analysis of the
conditional burst probability which is consistent with the intent of GL. 95-05,

Response (9/24/96):

In previous submittals, the deterministic burst curve has been used by ComEd only to define the
structural limit and to determine the conditional probability of burst per tube at the structural limit.
Within these limits the shape of the curve used to determine the lower bound SG tube burst has no
effect on either the structural limit or the conditional probability of burst at the structural limit
because the curve was not used to extrapolate outside the data base, and the last data point used to
construct the curve was near the structural limit. In addition, any other realistically shaped line (e.g.
a straight line) would provide essentially the same curve, within the range of available data, for the
two data points used to construct the curve.

The probabilistic burst analyses used to calculate a conditional burst probability for the Braidwood
end of cycle six distribution is consistent with the methodology of GL 95-05. An assessment was
performed to determine if a statistical fit to the data can be established. Initially, regression analyses
were performed using both linear and log-linear fits for both maximum and average voltage. The
data used for this fit are the burst test data presented in response to Question #5, excluding the data
ovtained from the two tubes with the EDM flaw simulations. The results from these analyses
indicate that the only correlation that provided a valid fit at the 5% level required by GL 95-05 was
the linear regression analysis of burst pressure and maximum voltage. There was a statistical
correlation for burst pressure with only one of the two voltage parameters, and it is necessary to
apply the correlation beyond the burst test data base when computing the conditional failure
probability for the EOC distribution.

To obtain a correlation for both average and maximum voltages, the tube in the industry data base
with the highest recorded voltage was added to the data base for the statistical correlation. This tube
was not burst tested, and the pressure used for the correlation assessment was conservatively
assumed to be normal operating pressure differential (see the data provided in the response to
Question #5). Linear regression analyses were performed first with the extended data base. The
results from this evaluation indicated there were valid fits at the 5% level between burst pressure and



both maximum and average voltages. The results from the statistical evaluation, including the mean
regression line, and the 95% prediction bound curve are presented in Figures 8a and 8b for maximum
and average voltage, respe tively. Review of Figures 8a and &b indicates that the burst pressure
trends to zero at voltages 1:ss than those observed in service, as indicated by the insitu tests and the
three non burst tested tubes (no failure at normal operating pressure) with the highest voltages (see
the data provided in the response to Question #5). Therefore, the linear regression fit does not
realistically model the service and burst data.

To more realistically model the burst pressure indicated by available service experience the extended
data base was evaluated using a statistical Log burst pressure fit to the data. The statistical
evaluation results in valid fits at the 5% level between Log burst pressure and both maximum and
average voltage. The mean regression line and the 95% prediction bound curve are presented in
Figures 8¢ and 8d for maximum and average voltages, respectively.

ComEd has computed the conditional failure probability for a distribution that was developed using
the following: (1) the 128 detected and repaired indications at Byron, Unit | in 1994, and (2) the
indications identified in the 1995 and 1996 look-back evaluations of the Byron, Unit 1 inspection
data. This distribution is presented in Table 8a for average and maximum voltage. This distribution
was used because it represents a slightly longer operating time, and the same tube material, stress and
operating conditions compared to Braidwood, Unit 1 at EOC-6, and considered to be a bound to the
indication distribution that may be found at Braidwood, Unit 1 at EOC-6. The distribution i, Table
¥a was ad)usted for probe wear and analyst uncertainty to obtain the distribution for Braidwood,
Unit 1 at EOC-6. The adjusted distributions for average and maximum voltages are presented in
Table 8b. The distribution in Table 8b is designated as the EOC approach.

The conditional burst probability for the distributions in Table 8b were computed using the statistical
linear and Log burst pressure fits developed from the extended data base described above. The leak
rates were computed using the LogLogistic fit of the available data to obtain the probability of leak
as described in response to Question 16. The leak and burst computations were performed using the
guidelines in GL 95-05. The results are presented in Table ¥¢. Additional, results for the threc
approaches (POD, Look-Back. EOC) are presented in Attachment D.

As indicated in the response to Question 14 ComEd has selected the maximum voltage as the
parameter to assess leak rate. In addition ComEd has selected the Log burst pressure fit to assess
the probability of burst because. it more realistically models the relationship between burst pressure
and voltage. Based on the results shown in Table 8¢ ComEd concludes that Braidwood, Unit 1 car
operate to the EOC-6,

10



Table Bc. Leak Rate and Conditional Probability of Burst Results for EOC-6 Distribution at

Braidwood, Unit 1 (EOC Approach)

Maximum Voltage

Average Voltage

Conditional Burst Probability

Linear Fit 3.9E-3 1.1E-2

Log Burst Pressure Fit 5.2E-5 1.1E-4
Leak Rate, gpm (for Circ, Indications.)

LogLogistic Fit 19.0 n/a

1



9. For any given EC voltage, a variety of flaw morphologies is possible. Sinc' the staff
believes that it has not been demonstrated that EC voltage can accurately predict the
morphology of degradation as stated in Item 1 above, discuss the possibility that more
structurally significant morphologies may exist than those used to determine the lower
bound fit. For example, discuss the possibility that a very tight coplanar flaw with a
360", 95-percent throughwall defect exhibits the same maximum EC voltage as one of
the two data points connecting the lower bound curve but which may exhibit a lower
burst pressure. Provide the supporting data. If different and/or lower burst pressures
are possible for the same EC voltage, discuss how the proposed probabilistic analysis
accounts for this uncertainty.

Response (9/17/96):

ComEd does not claim that EC voltage can, at this ime, predict morphology as indicated in
ComEd’s response to Question 1. In addition, as indicated in the response to Question | there are
no data that demonstrate that “a variety of flaw morphologies™ exist. To the contrary all data
suggest there is one flaw morphology for roll transition circumferential ODSCC that exists over a
range of degrees of degradation. The response to Question 1 indicates that EC voltage can be used
as one of the variables to indicate if the morphology is within the known industry experience base.

Fortunately, service experience indicates there are very few instances of very deep uniform cracking
due to circumferential ODSCC degradation at the TTS. There is only one known instance of a very
deep uniform indication (>90% PDA) in the industry experience base. This indication is much larger
than any indication detected at Byron Unit 1 or Braidwood Unit 1. This indication had a reported
PDA of 94%, a maximum voltage of 9.51 volts, and an average voltage of 6.49 volts. This tube
broke while being removed from the steam generator, and consequently, was not burst tested.
However, because the indicated voltages are significantly greater than the voltage structural limit
obtained from the ComEd deterministic burst curve, a low burst pressure for this tube would not
contradict the burst curve (See Figures 6a and 6b in the response to Question 6). The responses to
Questions 6, and 7 provide additional information concerning the potential for low burst pressures
and probability of burst.

10.  The burst pressure data were corrected for Braidwood lower tolerance limit (L TL)
properties using information from certified material test reports. To remain consistent
with the methodology in GL 95-05, burst pressure data should be normalized using
material property data from the industry database used for alternate plugging criteria
applications for axial cracking at SG tube support plate intersections. Accordingly,
adjust the data in Figures 5.5 and 5.6 of the August 2, 1996, submittal using the
industry database and determine the resulting structural limits for the average and
maximum EC voltage correlations.
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Response (9/10/96):

The industry insitu pressure test and burst pressures have been corrected for industry LTL properties
(95/95, 650°F). In the Braidweod Cycle Length Assessment Report dated August 2, 1996 the data
was corrected for Braidwood Unit | LTL properties, plots of the industry data corrected for industry
LTL properties are included as Figures 10a and 10b.

The correction factor for industry LTL properties is the ratio of the industry 95%/95% lower
tolerance limit (s,+ s, ) at 650°F to the industry room temperature mean (s,+ s, ) (EPRI Report. NP-
6864-1., PWR Steam Generator Tube Repair Limits: Technical Support Document for Expansion
Zone PWSCC in Roll Transitions - Rev, 2, August 1993),

130.65 ksi/154.34 ksi = 0.847

The insitu pressure test and burst pressures have been maltiplied by this factor and the results plotted
in Figures 10a and 10b against average and maximum voltage.

For the industry burst pressure tests corrected with the industry LTL properties the structural limit
for average and maximum voltages at 3xNOdP (4035 psi) become 0.8% and 3.54 volts respectively.
Previously reported plant specific structural limits were 0.91 and 3.64 volts respectively.

For plant specific application of the structural limits, the Braidwood Unit | LTL values will continue
to be used in assessment of the Braidwood Unit 1 EOC distributions.

Il Asdiscussed in Regulatory Guide 1.121. "Bases for Plugging Degraded PWR Steam
Generator Tubes," SG tube repair criteria should consider the fatigue affects from
cyclic loading forces. Discuss how these effects (e.g., fatigue, vibration, and flow-
induced loadings) have been accounted for in the analysis of the proposed operating
interval. Provide supporting test data.

Response (9/17/96):

Current operating experience and data from pulled tubes indicate there are no discernible fatigue,
vibration, or flow-induced loading effects on tubes with circumferential ODSCC indications at the
TTS. The effect of any subcritical low-cycle fatigue loading that may have occurred in service is
captured in the growth rate described in the response to Question 3. For high cycle vibratory
fatigue loading, rapid crack growth and subsequent failure would occur in much less than an
operating cycle once the crack growth threshold was exceeded.  Significant industry operating
experience, including operating experience at Byron Unit 1, show there are no tube failures from
high cycle vibratory or fatigue loads over the operating cycle length of interest at Braidwood Unit 1.
Based on this experience there is no need to include explicit fatigue, vibratory, or flow-induced
loading in the Braidwood Unit 1 evaluation.



12.  Ifa SG tube were to separate or burst, discuss the pussibility that multiple failures

cou'd occur as a result of SG tube whipping or impingement. Provide the supporting
data and analysis.

Response (9/24/96):

The effects of jet impingement on adjacent tubes from axial cracks has been provided to the NRC in
WCAP-13494, Revision 1, “Catawba Unit-1 Technical Support for Steam Generator Interim Tube
Plugging Criteria for Li.dications at Tube Support Plates,” March 1993. This report includes the test
data for impingement wear coefficients and the supporting analysis model.

The analyses given in WCAP-13494 show that at a crack exit velocity of 200 ft/sec and direct
impingement on the adjacent tube, it takes about > 170 hours to penetrate the wall thickness for pure
water and close to 890 hours for a steam void fraction of about 0.8 which is the range expected for
leakage under SLB conditions. These times are very long compared to the time required to reduce
pressure differentials to negligible values in a SLB event and propagation of damage to adjacent
tubes due to jet impingement is not expected.

The second part of the question relates to the potential for damage propagation to adjacent tubes as
a consequence of whipping of a severed tube end. This potential propagation mechanism requires
the whipping tube end to cause penetration of the wall by progressive impact wear. Whipping of a
severed tube end would be most significant if caused by secondary side flow induced vibration
leading to fluidelastic instability of the severed tube end. The mass and energy of the whipping tube
is not large enough to cause significant damage to the adjacent tube by massive deformation. In
addition, the severed tube end is weaker for distortion due to impact than the adjacent, intact tube
and most of the distortion would occur at the severed tube end.

Thus, adjacent tube impact wear due to flow induced, fluidelastic tube vibration of the severed tube
end is the principal; mechanism to be evaluated for potential damage propagation. In a steam line
break event, the time of significant secondary flow is the first few seconds of the event during
biowdown of the SG. A few seconds is too short of a time interval to cause substantial wear on an
adjacent tube. In addition, the primary to secondary pressure differential is smaller during the first
few seconds of a SLB since the larger pressure differentials result from pressure buildup due to
safety injection. Thus, the likelihood of impact wear causing penetration of an adjacent tube in a
SLB event is negligible.

The potertial for impact wear from a whipping tube under noral operating conditions is
conceptually higher than under accident conditions due to potentiaily longer times at significant
secondary side velocities that could cause fluidelastic instability of the severed tube end. However,
the time following a tube rupture to shut the plant down with low secondary side flow is also
measured in seconds. Again, the time periods with a whipping tube end are too short to cause
penetration of an adjacent tube.




13.  Because of the non-coplanar nature of stress corrosion cracking in SG tube expansion
transitions, EC signals from circumferential indications may exhibit both axial and
circumferential degradation. Accordingly, discuss whether an assessment of SG tube
degradation using voltage measurements from several scan lines (i.e., a volumetric
assessment ) is necessary as opposed to selecting a single scan line.

Response (9/17/96):

Tube failure and rupture occurs at the weakest location of the degraded tube area. The most
degraded area of the tube can be assessed by the 1se of a single scan line for maximum and average
voltage. The analysis of Braidwood Unit 1 and Byron Unit 1 data uses the same analysis methods (a
single scan line) as that used to define the burst limits for maximum and average voltage. This
provides a consistent analysis of the Braidwood Unit 1 and Byron Unit | tubes against known tube
failures. A volumetric approach using = ~== than one scan line can average undegraded areas of the
tube with degraded areas to provide a . » .onservative voltage signal which may not be
representative of the structural integrity of the tube. Results of tube pull conclude that the area of
degradation away from the crack face do not contribute to the failure of the tube. The 0.080" RPC
does perform a volumetric assessment of the degraded area of a circumferential band equivalent to
the size of the coil (i.e. 0.080™). Therefore, the use of a single scan line is adequate to assess the
structural integrity of SG tubes.

14.  The correlation of leak rate versus maximum £C voltage applies only to the end-of-
cycle (EOC) EC voltage distributions derived from maximum EC voltages. Provide a
similar relationship based on EC voltage integral measurements of circumferential
indications. Describe, or reference if previously submitted, the procedure used to
normalize the SG tube leak rates to the operating temperature and the main steam line

break (MSLB) pressure of 2560 pounds per square inch (psi).

Response (9/10/96):

Maximum voltage was selected as the parameter to assess leakage because it provides a good
measurement of the crack’s depth especially when the crack is asymmetric and a segment of the
crack is either through wall or substantially deeper than the remainder of the crack front. Average
voltage provides a measure of the integrated degradation over the entire tube circumference and
there may not be segments where the crack is either through wall or nearly through wall.

The industry leak rate data from insitu pressure tests and tube pull leak tests is provided in the
response to Question 5 and is plotted in Figure 14a against average voltage. The average voltage is
normalized a - discussed in Section 6.2.1 of the Braidwood Cycle Length Assessment Report dated
August 2, 1996, A log-logistic probability of leak vs. average ECT amplitude function was
developed. The probability of leak function is based upon the data presented in Section 7.0 of the
Braidwood Cycle Length Assessment Report dated August 2, 1996, A 95% confidence level of the
probability of leak function is used to assess the Braidwood Unit 1 EOC leak rate for the EOC
approach for average voltage. Figure 14b shows the function and its lower 95% confidence level.
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Because a correlation betweew voltage and leak rate does not exist a maximum leak rate of (.16 gpm
is assumed for each voltage bin.

Future analysis of circumferential indication distribution leak rate will continue to use maximum
voltage, since it is the voltage parameter which provides the best indication of the depth of
degradation.

Braidwood Unit 1 EOC leak rates are based upon leak rate testing performed at temperatures and
pressures different from MSLB conditions. The test leak rates are corrected by the following
procedure. Leak rate input data which are available and used to calculate a corrected leak rate at
Braidwood MSLB conditions are: observed leak rate (room temperature), leak rate temperature and
pressure, MSLB temperature and pressure, PICEP regression equations relating leak rate to pressure
in terms of a ratio of the crack opening area to crack length. The most limiting ratio of the leak rate
at MSLB temperature to room temperature is calculated using the most limiting (largest leak rate)
crack opening to length ratio at MSLB pressure. From this ratio the leak rate at MSLB temperature
is determined given the leak rate at test temperature.  The PICEP computer code has been used by
the industry for calculating MSLB leak rates in SG tubes.

IS.  Assuming that the maximum EC voltage is a more accurate parameter for predicting
SG tube leakage, discuss the need to assess the leakage from other portions of a
circumferential S/, tube indication which may have voltages that are less than the
maximum EC voitage recorded for a given SG tube but that may nevertheless leak.
Specifically, address the possibilivy that several locations in the circumferential crack
pattern of a SG tube at the expansion transition may contribute to the overall leakage
from the SG tube since it is possibl: that the individual cracks in a non-coplanar
pattern could be separated by a sufficient distance such that separate EC voltages for
these indications could be recorded.

Response (9/17/96):

No correlation of leak rate to ECT parameter has yet been identified. Therefore, the leak rate used
to assess the end of cycle leak rate for Braidwood Unit 1 is based upon the maximum leakage
recorded during testing of service induced cracks. The testing of these cracks were performed under
pressurized conditions and leakage was measured from the entire area of degradation. Any leakage
from degradation not detected by the ECT analysis is included in the leak rate assessment.
Indications exceeding the leakage threshold are assigned the maximum leakage (from the entire area
of degradation). Therefore the present methodology for assessing the leak rate from circumferential
indications includes all leakage from the area of degradation.

16.  Given that for 2ny EC voltage, a variety of morphologies can exist as discussed in Items
I and 9 above, discuss the basis for assuming that there is an EC voltage cutoff for
determining when a SG tube is susceptible to leaking. Discuss how the proposed
methodology would account for the uncertainty in the potential for a SG tube to leak
and the uncertainty in the leak rate itself. Further, given the limited amount of SG
tube leakage data for circumferential indications, discuss why the bounding value of
SG tul o leakage which is assumed, is conservative,
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In order to provide additional conservatism in the leak rate analysis, to address limited data and
uncertainties in the industry leak rate data, a log-logistic probability of leak vs. Maximum ECT
amplitude function was developed. The probability of leak function is based upon the data presented
in Section 7.0 of the Braidwood Cycle Length Assessment Report dated August 2, 1996. A 95%
confidence level of the probability of leak function is used to assess the Braidwood Unit 1 EOC leak
rate for the EOC approach. Figure 16 shows the function and its lower 95% confidence level.
Because a correlation between voltage and leak rate does not exist a maximum leak rate of (.16 gpm
is assumed for each voltage bin. Operating experience has demonstrated that circumferential cracks,
even those with significant degradation, do not leak significantly under normal operating conditions.
This is most likely due to the presence of ligaments observed from tube pull metallographic results.
The leakage assumed in the analysis is the largest leakage (corrected to Braidwood MSLB
conditions) measured during tube pull or insitu pressure leak testing and provides more realistic
results than the calculation approaches. The (.16 gpm leak rate is applied to all voltage bins where
leakage has been identified to occur. This conservatively applies the highest observed leak rate,
corrected to MSLB conditions, to a distribution of indications which have been observed through
testing to have significantly lower leak rates.

The EOC-6 leak rate will be calculated by summing the leak rate at each bin which is calculated as
follows: obtain the product of the number of tubes in each bin and the probability of leak of tubes at
the bin voltage then multiply by the bounding leak rate (from tube pull leak rate testing and insitu
pressure testing ).

This method will adequately account for uncertainties in the leakage data. Results of application of
this method will be provided upon resolution of NRC questions on input parameters of the EOC
analysis.

17.  Provide the EC inspection data and the calibration setup files used in the burst and
leakage correlation’s. In addition, provide EC data for a representative range of
circumferential indications and their corresponding EC voltage integral and maximum
EC voltage measurements. The EC data should be provided in a format compatible
with Eddynet95 software.

Response (9/17/96):

The eddy current inspection data are supplied on one optical disk transmitted via this response. Side
A of the optical disk includes the tubes which were used to devel: » the burst and leakage
correlations, (refer to Table 5 for the tube data). An additional fifty (50) tubes with a representative
range of voltages for the circumferential indications with the maximum and average voltages are
included. All of the data contains the caiibration setup files. The data is formatted for the EddyNet
95 software. An optical disk with the data is being forwarded to the Senior Project Manager
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IX.  Provide a copy of the EC data analysis guidelines used during the Braidwood Unit 1
SG tube inspections in fall 1995,

Response (9/17/96):

A copy of the eddy current ¢ .a analysis guidelines that were used for the Braidwood Unit 1 steam
generator tube inspections in the fall of 1995 is provided in Attachment 18,

19.  In Section 6.2.1 of the submittal dated August 2, 1996 the EC voltage normalization
procedure for adjusting the SG tube burst and leakage data is described. This EC
voltage adjustment was made to obtain consistent EC voltages for circumferential
indications where the calibration standard did not contain an axial EDM notch.,
Discuss how the EC voitages for other reflectors in the calibration standard compare
with the (.58 correction factor applied to the data. Provide a statistical analysis based
on field data which supports the use of the 0.58 correction factor.

Response (9/20/96):

An evaluation of the application of the (.58 normalization correction factor to other reflectors in the
calibration standard has been performed. The results are shown in Table 19a. The table includes: the
other reflectors included in the evaluation, the voltage normalized to 10 Volts on a 100%
throughwall hole (TWH), the voltages normalized to 20 Volts on the 100% axial EDM notch and the
ratio of the two voltages. The results indicate that the voltages normalized to 10 Volts on a 100%
TWH and corrected with a 0.58 correction factor are consistent for the different reflectors included
in the analysis.

Further assessment of the application of the (.58 correction factor has been performed on the S0
ield data points using the voltage integral software to evaluate the impact on the Braidwood Unit |
cycle length assessment. The results of this field data assessment are presented in Table 19b for
maximum and average volts. The data is provided for analysis of both the 0.115” and 0.080” RPC
data normalized to 10 volts on the 100% throughwall hole (TWH) and 20 volts on the 100% axiai
EDM notch. Because industry data was acquired with the both the 0.080” and 0.115” RPC, it is
necessary to have a normalization correction factor established for cach coil size. The previous
submittal (September 17, 1996) included a single normalization correction factor which was
determined from 0.080” RPC data. This normalization correction factor was applied to both the
0.080" and 0.115” RPC data. Normalization correction factors can be determined for both the
0.115" and 0.080" RPC using the data in Table 19b. A summary of the different methods used for
calculation of the normalization correction factors is included in Table 19¢. A statistical analysis of
the field data (maximum and average voltage combined) has been performed using a linear regression
analysis. The results from the statistical evaluation indicate that the normalization correction factor
is 0.51 and 0.68 for the 0.080” and 0.115" RPC, respectively. as determined from the slopes of the
mean regression lines (see Figure 19).
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Two normalization correction factors were provided in the September 17, 1996 submittal, one for

n aximum voltage and one for average voltage. The correction factors were nearly the same, and the
riaximum and average voltages are put into a single population for determination of the
normalization correction factors.  Normalization correction factors are provided for the (.115” and
0.080" pancake coils for assessment of industry tube pull and insitu pressure test ECT data. The
statistical coil size based correction factors provide the most statistically correct result and will be
used.

20. A 0.76 correction factor was applied to adjust 0.115-inch probe coil EC voltages to
equivalent 0.080-inch probe coil EC voltages. Describe in detail the development of this
correction factor, including a discussion on the number of samples reviewed, the types of
defects analyzed, and the mean and standard deviation of the study sample. Additionally,
provide the recorded EC voltages, if practical, or the range of circamferential indication
EC voltages included in the sample. Provide a statistical analysis based on field data
which supports the use of the (.76 correction factor.

Response (9/20/96):

During a look-back of three hundred and fifty 1996 Byron Unit | indications in SG C, analysis of the
indications was performed using the 0.115" and 0.080” RPC. The look-back was performed prior to
development of the voltage integral software. Because all the 0.080” RPC indications in one SG
were included, a range of indication sizes (0.06 to 1.11, 0.080" RPC Volts) is included in the data
set. The average of the three hundred and fifty 0.080™ RPC voltages (mean of 0.326 Volts) was
compared to the average of the 0.115” RPC voltages (mean 0.431 Volts). From this result a scale
factor for the 0.115” RPC is calculated from the ratio of the mean voltages, or 0.326/0.431 = (.76.
This scale factor was applied to some of the insitu pressure test data included in the industry data
base that was collected on 0.1157 RPC. The scale factor was not applied to any tube pull burst data
points because the data was acquired with the 0.0 30" RPC. Many of the data points used in the leak
rate assessment had the scale factor applied sin ;e much of the data was obtained from 0.115” RPC.
A listing of the data included in the study is provided in Table 20a.

Further assessment of the application of the (.76 correction factor has been performed on 50 field
data points using the voltage integral software. The results are presented in Table 19b for maximum
and average volts. In the previous submittal (September 17, 1996) the coil size correction factor was
determined from data normalized to 20 volts on a 100% EDM notch. The data in Table 19b can be
used to determine a coil size correction factor normalizing the data in two ways (10 volts on the
100% TWH and 20 volts on a 100% EDM notch). Because the industry tube pull and insitu
pressure test data was normalized to 10 volts on the 100% TWH, this normalization is appropriate to
use in determining a coil size correction factor. A summary of the different methods used for
calculation of the coil size correction factors is included in Table 20b. A statistical analysis of the
field data (maximum and average combined) has been performed using a linear regression analysis.
The results from the statistical evaluation indicate that the coil size correction factor for the field data
(.75 (for normalization to 10 volts on a 100% throughwall hole) as determined from the ratio of the
slope of the 0.080" and 0.115” RPC mean regression lines from Figure 19. Figure 20 shows the
0.1157 RPC data corrected using the (.75 correction factor and the 0.080” RPC data in the same
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plot. The two data sets are now consistent as determined by the overlay of the 2 data sets linear
regression lines. Therefore, a (.75 coil size correction factor is appropriate.

Two coil size correction factors were provided in the September 17, 1996 submittal, one for
maximum voltage and one for average voltage. The corrections factors were nearly the same. The
maximum and average voltages can be put into a single population for determination of the coil size
correction factor. Statistical analyses support the statistical 10 V approach as being correct.

21. Provide a summary of the essential variables of the inspection techniques as documented
in the EC acquisition technique sheets (ACTS) and the analysis technigue sheets (ANTS)
for the Byron Unit 1 SG EC inspections in 1994, 1995, and 1996 and for the 1995
Braidwood Unit 1 SG EC inspections. Additionally, provide the ACTS and ANTS
associated with the SG F¢ inspections conducted at other plants where data were
cbtained for use in the SG tube burst and leakage correlation’s presented in the August 2,
1996, submittal. Identify and discuss how the differences in the acquisition and analysis of
EC data will affect the EC voltage measurements used in the analysis,

Response (9/24/96):

Table 21 provides a summary of the essential variables of the eddy current inspection techniques.
These essential variables were used for the Byron 1 1994, 1995, 1996, Braidwood 1 1995, and the
plants where data was obtained for use in the tube burst and leak correlations. Attachment 21
contains the ACTS and ANTS sheets, where available. Essential variables for the remaining plants
are included in a typical ECT “summary” form. Essential variables were not recorded in the
suminary form for three plants. These essential variables are included in Table 21.

The essential variables identified in Table 21 shows equivalency for data acquisition per EPRI
Appendix H. The Zetec MIZ-18A/30 with the use of the .115" pancake and Plus point probe are
qualified techuiques for the detection of ODSCC at the expansion transitions. Based upon
comparison of the essential variables for the data identified in Table 21, the acquisition techniques
will not significantly affect the voltage measurements used in the eddy current voltage measurements.
Coil size and normalization factors have been applied as discussed in response to questions 19 and
20,

22. Some studies have identified a lift-off effect in SG tube expansion transitions for gimbaled
probes due to SG tube geometry changes. This lift-off can decrease a probe coil's response
to SG tube indications. If gimbaled probes were used in any of the inspections where data
is used to support the Braidwood Unit 1 cycle length assessment, explain the basis for not
accounting for this affect for EC voltage measurements in expansion transitions. Some of
the data in the SG tube burst and leakage correlations were obtained from 56 tubes which
had been explosively expanded into the SG tubesheet. Describe any differences between
the transition geometry, particularly with respect to the length of the expansion of the
explosively expanded tubes and that for roll- expanded SG tubes. Discuss the effects of the
SG tube transition geometry on the recorded EC voltages. Discuss the need to account for
liftoff in the EC voltage measurements for both the data used in the proposed correlations
and the data obtained for the field indications.



Response (9/17/96):

Gimbaled probe data was not used for measuring the eddy current voltages in the expansion
transitions for supporting the Braidwood Unit 1 cycle length assessment.

The explosive expansion transition signals are typically more uniform in their geometry than the
mechanically hard roll transitions. The roll transition signals do affect the eddy current signals. The
orientation of these signals is mainly horizontal while the flaw response is vertical. The voltage
integral software looks at the eddy current data in a 360° scan, any affects from the flaws or roll
transitions would be included in the voltage measurements. If the roll transition signal contained any
vertical component, it would be included as part of the flaw voltage measurement, which means the
voltage measurement would be conservative.

Liftoff is minimized since the probe is spring loaded and surface riding. With the liftoff minimized,
liftoff becomes an issue of data quality and cannot be factored into the eddy current voltage
measurements.

23.  In Figure 3.1 of the submittal dated August 2, 1996, the number of circumferential
indications detected with the plus point coil is related to those detected with the 0.080-
inch rotating pancake coil (RPC) probe. The results are presented as the number of
indications as a function of EC voltages as measured with the plus point probe.
Explain the relationship between the circumferential indication EC voltages as
measured with the 0.080-inch coil to those measured using the plus point coil Describe
the data set used in the comparison study between the two coils. Explain the
differences in the analysis guidelines for the coil study to those used during the
Braidwood Unit 1 ATR0S SG tube EC inspections. In addition, the EC voltages in this
figure are the maximum indication EC voltages. State whether a similar relationship
has been developed using average EC veltage (i.e., voltage Integral) measurements, If
so, supply the results. If not, discuss the usefulness of performing such an assessment
in light of the present analysis based on EC voltage integral measurements.

Response (9/24/96):

Figure 3.1 of the submittal dated August 2, 1996 is intended to provide an assessment of the
probability of detection of the 0.080” RPC compared to the plus point coil. This comparison was
used to support application of the POD approach included in the August 2, 1996, submittal to
determine a POD to be used for EOC calculations for Braidwood Unit 1. The data in the figure is
not intended to establish a relationship between 0.080" RPC and plus point voltages. The conclusion
drawn from the figure is that for large indications (as determined by plus point voltages) the 0.080"
RPC has a high level of detection, nearly equivalent to plus point. The conclusions support that the
tail of the distribution used in the Braidwood Unit 1 analysis for the POD approach is conservative
when a POD of 0.2 is used across all voltage bins.
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The data set used for this study is from a look-back of the 1996 Byron Unit | SGCTTS
circumferential indications performed in May of 1996. The voltage integral software was not used in
this look-back. This look-back included analysis of SG C indications with the 0.080” RPC and plus
point coil. Referring to Figure 3.1, the solid line represents indications in SG C which in 1996 could
only be detected with the plus point coil (no 0.080” RPC confirmation). The broken line represents
plus point indications which were confirmed with 0.080" RPC. Where the two lines (solid and
broken) are close to each other, the POD of the 0.080” RPC is approaching one.

A similar relationship has not been developed for average voltage. Because the figure was developed
to assess the detection capability (POD) of 0.080” RPC indications as compared to plus point coil.
Data presented in Figures 4.5, 4.6 and 6.1 support the trend that as the maximum voltages increase
so do the average voltages. This would support the conclusion discussed above that the detection
level of the 0.080” RPC voltages is high for large indications as determined by plus point coil
average voltage as well as the maximum voltage.

Additionally, in order to address concerns with the number of tubes assumed in the POD approach,
ComEd has evaluated two additional end of cycle distributions. These two distributions do not use
the data from Figure 3.1. Instead these distributions assume that Braidwood Unit 1 EOC-6
distribution will be similar to the distribution of indications detected at Byron Unit | at EOC-6.

All indications detected by the 0.080” RPC were also detected by the plus point coil.

ComEd has concluded that there is not value added to defining a POD for both maximum and
average volts for the following reasons:

- Analyst initially detects and reports based upon max volts, and
Average volts calculation is only done after detection,

Additional Response to 9/17/96 Submittal:

Differences in the analysis guidelines for the Look-Back to those used during the Braidwood |
A1ROS SG eddy current tube inspections are summarized below:

1. Voltage Normalization:
Look-back voltage normalization included setting the voltage peak-to-peak from the 100%
axial EDM notch to 20.00 volts for the 0.080" pancake coil in the normal lissajcus window,
and the axial lissajous and circumferential lissajous in the C-Scan mode. Braidwood voltage
normalization included setting the voltage peak-to-peak from the 100% axial EDM notch to
20.00 volts in the normal lissajous window.

rJ

Voltage Measurement:

Look-back voltage measurements were recorded using Vertical Maximum “Vert Max™ for
both the 0.080" pancake and Plus Point coils. Braidwood voltage measurements were
recorded at volts Peak-to-Feak “Pk-Pk™ in the main lissajous window for the 0.080" pancake
coil.



Use of Slewing:
Look-back analysis used the appropriate slewing (rotate data) for each coil. Braidwood
analysis did not mention the use of slewing (rotate data) for each coil.

4. Trigger Offset:
Look-back analysis adjusted the trigger offset so that the indications are in the center of the
C-Scan plot. Braidwood guidelines do not mention adjusting the trigger offset.

5. Analysis Data:
Look-back consisted of a direct tube to tube comparison using two Eddynet windows side by
side to evaluate the indications by C-Scanning the data from the Plus Point coil.
Braidwood's evaluation consisted of reviewing the strip chart data and normal lissajous
window while scrolling the data using the 0.080" pancake coil.

6. Filters:
Look-back guidelines incorporated the use of the axial line and circumferential line filters, if
necessary. Braidwood guidelines allowed the use of a bandpass filter on the mix channels for
the pancake, axial and circumferential coils, at the option of the data analyst or at the
direction of the lead analyst.

7. Analysis Software:
The look-back guidelines incorporate the use of EddyNet95. The Braidwood Unit 1 analysis
used the ANSER analysis software.

items | - 4 represent items in the guidelines which reflect the difference in the objectives of the look-
back analysis (size and detection) and the initial steam generator tube inspection (detection). These
items could affect the magnitude of the reported voltages but not the level of detection. Items 5 - 7
improve the analysts ability to detect the indications, however because Byron Unit 1 look-back data
has been used to assess the estimated Braidwood Unit 1 end of cycle six distribution items 5 - 7 do
not impact the results of the Braidwood Unit 1 cycle length assessment. The Braidwood Unit |
October 1995 indication inspection data has been re-analyzed as part of the look-back using the
guidelines discussed above.

Based on the differences discussed above, the improved techniques and methodolgy enhanced the

evaluation and detection during the look-back analysis. This is why in the POD approach a POD of
0.2 is used to account for the improvements in analysis and inspection techniques, for detection, not
used at Braidwood Unit 1 in October 1995,



24.  Data to support the assessment of the probability of detection (POD) and the SG tube
burst and leakage correlations in the August 2, 1996 submittal were taken from various
sources. Since the noise levels inherent in the data and SG tube wall deposits may
affect the resulting EC voltage measurements, provide an assessment comparing the
influence of noise and deposits on the EC signals for the SG tube burst and leakage
data. Additionally, provide a discussion as to how the noise levels were determined
(i.e., SG tube location, coils, and frequencies). Given that these factors may affect EC
voltage measurements, provide the basis for selecting the lowest point in the scan line
as the null point for EC voltage measurements.

Response (9/24/96).

Noise and deposits will affect the eddy current signal by increasing the overall voltage response.
Probe noise and deposits were monitored through the “C" scan, strip charts and lissajous signals for
signals inherent to noise and deposits during the voltage measurements for the steam generator burst
and leak data for overall acceptability and quality of the data. It was found that the overall quality of
the data was acceptable qualitatively and no signal to noise correction factors were applied to any
voltage measurements for the industry leak and burst data. Due to the top of the tube sheet location
of the indications there was no presence of indications in the vicinity of the flaw which could
influence the voltage measurement.

Since the Voltage Integral software selects the lowest point in the scan line to establish a ‘zero’
threshold, any increase in the signal amplitude will increase not only the ‘zero’ threshold, but also the
scan line and the resultant output, again being a more conservative measurement. Letting the
Voltage Integral software select the lowest point in the scan line as the null point produces a more
consistent result for the voltage measurements.

25, In the Braidwood Unit 1 cycle length assessment, analyst uncertainty values of (. 19
and 0.22 were utilized. Given that a signal for a specific type of degradation may be
better defined by one coil rather than another, provide an assessment of the analyst
variability based on the coil of interest (e.g., the 0.080-inch probe). Additionally, state
the units associated with these values. If the values are in volts, state the corresponding
analyst uncertainty as a percentage value.

Response (9/24/96):

The initial blind test included in the August 2, 1996, submittal was developed to assess detection,
recorded voltage measurements were used to assess analyst error for that test. A second blind test
has been performed to assess sizing. The second blind test provides a more appropriate evaluation of
analyst error in voltages measured from 0.050" RPC data, by testing the following areas:
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l. the analyst must select the circumferential scan line with the maximum indication

peak,
2. from the selected scan line the analyst must select the maximum voltage,
3. data normalization,
E3 the use of filters,
5. the effects of inconsistent use of trigger offset, and
6. the ability of the voltage integral software to consistently calculate the maximum and

average voltage.

To directly address analyst uncertainty used in the Braidwood Unit 1 end of cycle calculations, an
additional blind test has been performed using the voltage integral software to analyze and measure
the maximum and average 0.080" RPC voltages. The guidelines used in the blind test are provided
in response to Question 30. The blind test included 9 analysts and 141 indications. The indications
ranged in size and were selected from the following inspection data: Braidwood Unit 1 October 1995
indications from all SG’s, Byron Unit | 1996 SG C, Byron Unit 1 1996 tubes which were insitu
pressure tested from SG A, Byron Unit 1 1994 and 1995 tube pulls. The response to this question
refers to the additional blind test and not the blind test submitted in the August 2, 1996 submittal.

Blind Test Protocol:
® A total of nine analysts participated in and completed the blind test of 141 indications.

¢ To be consistent in measuring and reporting circumferential indication voltages during the
testing, analysis guidelines were written. Zetec voltage integral EddyNet 95 analysis software
was used.

e Voltage was normalized to 10 Volts on a 100% throughwall hole. Analysts were allowed to
used other coils to locate the indications. Voltage was recorded based upon the 0.080" pancake
coil. Both maximum and average voltage was measured.

e A detailed discussion is presented in response to Question 2¥ of how the average and maximum
voltages were determined during the blind test.

e The testing was proctored by the ComEd eddy current Level 111 to insure all data was analyzed
using the appropriate guidelines and to observe that no indication results were being discussed
between the analysts,



The probe that was used in the 1995 Braidwood Unit 1 and 1994 Byron Unit 1 tube pull data set
was a 3-Coil motorized rotating pancake coil (MRPC) which included a .080" pancake coil, axial
wound coil and a circumferentially wound coil. The rotating probe used for the 1995 Byron Unit
1 tube pul! and 1996 data sets consisted of a ().080" pancake coil, a 0.115" pancake coil and a
plus point coil. The analysts used all coils to aid in their analysis of detecting the circumferential
indications.

Blind test analysis guidelines are included in response to Question 30,

The blind test results were analyzed to determine analyst error and the standard deviation of the
percent analyst error. The following procedure was used in the calculation for maximum and
average voltage:

The mean of the nine analysts measured indication voltages is considered the indication reference
voltage. The distribution of the reference voltages for the 141 tukbes is presented in Figures 25a
and 25b for average and maximum volts respectively.

The percent error from the reference voltage of each analysts’ call for the 141 indications is
determined. This is calculated by subtracting the the analysts’ call from the reference voltage and
dividing by the reference voltage.

The standard deviation of the percent error for the entire population of calls from the Y analysts
for the 141 indications is determined.

The standard deviation was calculaied to be 32% and 30% for average and maximum voltage,
respectively. No resolution of data was performed. The units for the percent analyst error are
volts/volts.

The 30% and 32% analyst error for average and maximum voltage, respectively, will be used in
analysis of the end of cycle distribution.

26.

Discuss the basis for keeping the data from the 100 SG tube and 200 SG tube tests
separate for the analyst variability study. Provide and discuss the mean, standard
deviation, and shape of the distribution used for the model of analyst uncertainty (e.g.,
a normal distribution with a mean of x and standard deviation of y). Discuss the
technical basis for the distribution which was used.



Response (9/24/96):

As discussed in response to Question 25, an additional blind test has been performed to better
represent the ECT analysis methods used in the look-back analyses which are used to perform the
Braidwood Unit 1 end of cycle assessments. The additional blind test was comprised of a single
population of tubes (141) with a single result for average and maximum voltage being determined.
The results of this blind test will be used for end of cycle analyses which are based upon results from
look-backs. The distribution of percent analyst error is assumed to be normal with a mean of zero
and a standard deviation of 32% and 30% for average and maximum volts, respectively. Figure 26a
and 26b show the distribution of analyst deviation for average and maximum voltages, respectively
including the cumulative frequency distribution for the percent analyst error and the cumulative
normal distribution. The cumulative frequency distribution of percent analyst error closely
approximates the cumulative normal distribution particularly at the high end tail of the distribution,
The percent analyst error distribution is more peaked than a normal distribution: therefore, would
predict higher analyst uncertainty just above the mean than assuming a normal distribution. A normal
distribution for percent analyst error provides conservative results for larger uncertainties.

27.  Discuss the basis for reevaluating the EC voltages measured in the analyst variability
study based on a resolution process. Discuss whether this practice was used in the
blind tests. The staff believes that this method of analyzing analyst variability is
inconsistent with the methodology used in GL 95-05 (i.e., reevaluating the EC
voltages). Clarify what is meant by the statement that observation EC voltages from
different coils for the same indications were excluded.

Response (9/24/96):

As stated in response to question 25, there was no resolution in the second blind test. End of cycle
analysis has been performed using the updated analyst error. It is believed that this provides a
conservative result for the following reasons.

e The distributions to which the analyst variability are applied are obtained from look-back of the
indications. During the look-back process any reported indications which appear to be
inconsistent with the indication distribution are evaluated to ensure that the data was correctly
analyzed. A similar methodology should be applied in the blind tests. A resolution process
should occur after completion of the blind test to identify results which do not fit the distribution.
The results presented in Question 25 do not incorporate any resolution of the data recorded by
the analysts during the blind test however, analysis of the data identified that a large contribution
of the overall analyst error is attributed to a small number of calls. Evaluation of these calls
identified several root causes not associated with the interpretation of the indication.

e In order to evaluate the affects of resolution of blind test results, voltages with a percent error
greater than -100% (these represent conservative calls with voltages recorded greater than the
mean voltage) is applied to the data to provide a realistic assessment of the analysis results.
Application of this resolution process results in a standard deviation of percent analyst error of
0.23 for average volts and 0.24 for maximum volts. The resulting distribution after resolution is
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shown in Figures 27a and 27b for average and maximum voltage, respectively. The figures show
that the distribution is more normal after the resolution.

Therefore, use of a normal distribution with a mean of () and a standard deviation of 0.32 for average
and 0.30 for maximum is conservative. Additionally, the tail of the distributon is quite long in the
negative direction which represents overcalls (voltages greater than the mean). This indicates that
the largest uncertainty is associated with conservative overcalls and further justifies resolution of
calls with a percent error greater than 100% in the negative direction.

The statement in the August 2, 1996, report that observation of EC voltages from different coils for
the same indications were excluded is as follows: “During the blind test, discussed in the August 2,
1996 submittal, the objective was to demc nstrate the probability of detection of the Byron Unit |
indications. The analysts were allowed to ase the different coils available to them and recorded the
voltage for which the indication was detected”. In order to assess the analyst variability on voltage
from this test, only indications which were analyzed by all analysts with the same coil were included
in the assessment of analyst variability. Because the different coils would provide different voltage
measurments data from a consistent coil is required. As discussed in response to Question 25 an
additional blind test was performed where the voltage measurements were all recorded using the
0.080" RPC.

28.  Describe the measures included in the blind test protocol which would have prevented
an analyst from using information from one coil to locate and size the maximum EC
voltage signal as seen by another coil. As discussed by the staff in the meeting held on
August 26, 1996, the rotational slewing of the data via such mechanisms as the trigger
offset feature in Eddynet95 could lead to additional variability in an analyst's ability to
accurately size circumferential indications with an EC voltage integral measurement.
Describe how this variability was accounted for in the assessment of analyst
uncertainty.

Response (9/24/96):

During the blind test discussed in response to Question 25 the analysts were instructed to use all
coils (i.e. pancake, circumferential, and plus point ), for identifying flaw location. The blind test
protocol permitted the analysts to use information from one coil to another coil to locate the
indication. In order to obtain the best analysis for detection and measurements of any given flaw,
guidelines are structured for the analysts to use all available “tools™ (i.e. coils, frequencies, channels,
mixes etc,) for assisting in measurements made from one coil to another.

The objective of the blind test is to assess the variability of the voltage measurement. Using different
coils to aid in location of the indication does not affect the variability of the voltage measurement.
The analyst variability is used to assess the end of cycle voltage distribution based upon look-back
data. During the look-backs, the analysts were allowed, and did use other coils as necessary to
locate the indications. Therefore, the methodology of using different coils to locate the indications is
consistent between the two blind tests, the look-backs and the guidelines for field inspection.



The voltage measarements were measured and recorded during the blind test using the Zetec
Voltage Integral Software. Voltage measurements are recorded as described below:

A C-Scan plot is generated for the expansion region of interest.
Using the Axial and Circumferential strip chart cursors, the C-Scan line associated with the
maximum vertical displacement for the indication is selected.

e The Voltage Integral software plots the circumferential scan line that is selected in the main C-
Scan plot.
The average voltage is auth)matically calculated by the Voltage Integral software.
The cursor is then positiored by the analyst in the Voltage Integral Software at the maximum
vertical “Vert. Max"'scan 1. ne displacement. The circumferential scan lines maximum and average
voitage is then recorded.

The appropriate slewing (rotate data) for each coil was used for the blind test. (Ref. Blind Test
Analysis Guidelines, Section 5.13 for R-Slew included with Question 30). The rotational slewing of
the coils will not introduce variability for the maximum and average voltage measurements. The
rotational slewing of the coils eliminates the offset in the eddy current data caused by the physical
separation of the coils.

The trigger offset is discussed in the look-back and blind test analysis guidelines (see Attachment
30). The guidelines require the trigger offset to place the start and stop point of the indication in the
center of the C-Scan plot minimizing the variability of the voltage integral measurement.

The blind test uncertainties discussed in detail in response to Question 25 include any uncertainty
associated with the trigger offset feature in Eddynet95.

29.  If the measured EC voltages in the "look back™ analysis of the Byron Unit 1 EC
measurements were maximum EC voltages, explain the basis for applying these resuits
of the analyst uncertainty measurement to the EC voltage integral measurements. If
circumferential indications were sized using, the lissajous signal, explain the basis for
applying a variability in sizing with the lissajous signal to measurements of maximum
EC voltage determined by positioning the signal cursor in the voltage integral scan.

The second blind test uncertainties discussed in detail in response to Question 25 include the
uncertainties associated with the voltage integral software for determination of maximum and
average voltage. These uncertainties will be used for end of cycle distributions using the EOC
approach discussed in the September 10, 1996, submuttal.

The eddy current maximum voltages were sized during the “look-back™ analysis using the lissajous
signal from the RPC Cir. Liz. window. The lissasjous signal displyed in the Circ Liz window
represents the maximum scan line plotted in the C-Scan plot. The cursor was then positioned at the
maximum displacement of the scan line in the Voltage Integral window and the vertical maximum
voltage is displayed. The vertical maximum voltages are the same due to the normalization process
used for these windows which is included in the “look-back™ analysis guidelines provided in Question
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30. Measuring the maximum voltage from either the Circ. Liz. window or positioning the cursor at
the maximum displacement in the Voltage Integral window will produce the same voltage
measurements. Therefore, no voltage variability adjustment is necessary.

30.  Provide a copy of the EC sizing procedures used in the assessments of the analyst
uncertainty, the growth rate, the burst and leakage data, and the POD. Discuss the
extent of use and the influence of the following on any EC voltage measurements: (1)
the use of Eddynet95 data filters; (2) the trigger offset feature and (3) the presence of
360m circumferential flaws. Address both the EC voltage integral and the EC
maximum voltage measurements.

Response (9/24/96);

Attachment 30 includes a copy of the eddy current sizing procedures used in the assessment of the
analyst uncertainty, growth rates, burst and leak data and POD assessment. Filters were used in the
analyst uncertainty, growth rates, and POD assessment but not the burst and leak data.

As part of the ECT analysis the following filters were used in the assessment for the uncertainty and
growth rates:

e Axial average filter was used to remove the effects caused by tube wall variations and data
offsets.

e (irc. Line filter was used to remove the effects caused by unwanted signals such as deposits and
geometry changes.

The axial average filter helps to smooth the data offsets visually represented down the axial scan lines
in the C-Scan plot. The filter averages all of the data point values on a given circumferential scan
line and substracts the average value from every data point on that line. This process repeats for
every circumferential scan line in the C-Scan plot. The output reduces the data offsets in the axial
direction. When the axial average filter is enabled the software automatically calculates and
smoothes the data that is visually produced on the C-Scan plot.

The circumferential scan line filter lets the analyst choose a circumferential scan line to be used as a
filter. The chosen scan line is subtracted from every circumferential scan line in the C-Scan plot. It
acts as a nulling function for all of the circumferential scans and removes unwanted signals (i.e. tube
wall variations, deposits, geometry changes, etc.), that occur consistently in each scan line. Analysts
were trained to select a non-flawed scan line to be used as a filter for the ECT sizing used for growth
rate studies and analyst uncertainty. No filters were used in the ECT analysis of the the burst and
leak database.

To evaluate the impact of these filters and results, ComEd performed an evaluation on voltage
measurements with the use of filters. Figure 30A represents voltage measurements for non-filtered
data. Figure 30B represents voltage measurements with the use of the Axial Average filter. Figure
30C represents voitage measurements with the use of the Circ, Line filter. Figure 30D represents
voltage measurements with the use of the Axial Average and Circ. Line filter,
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Conclusions:

The maximum and average voltage does not change with an Axial Average filter.
The maximum and average voltage does change with a Circ. Line filter. The resultant output of
the voltage meas -=ments is reduced. Selecting a non-degreded cire line to be used as a filter
does not reduce the flaw signal.

* The maximum and average voltage remains the same as the Circ. Line filter, when using the Axial
Average and Circ. Line filters in combination.

Therefore, ComEd analysis is correct because the use of filters does not affect the voltage signal
corresponding to the flaw.

The affects of the trigger offset feature is discussed in response to Question 28X,

An evaluation of the affects of 360 degree flaws on the Braidwood | end of cycle assessment has
been performed. Guidelines for the voltage integral look-back of Byron 1 1996 and 1995
indications required the analysts to identify indications which had 360 degreee ECT signals. Of the
over 400 1996 0.080" RPC indications evaluated, 8 had 360 degree ECT signals. Of the over 700
1695 0.080™ RPC indications evaluated, 21 had 360 degree ECT signals. Three of the 23
Braidwood Unit | indications were determined by ECT to be 360 degrees. Because of the small
number of indications reported with 360 degree flaws the number of tubes affected by this question 1s
small.

The effect of 360 degree flaws on voltage integral results was evaluated using Byron Unit 1 1995
tube pull voltage and metallographic (MET) results. The maximum voltage determined by the
voltage integral software, where the null point is selected by the software as the lowest point of the
scan line, is compared to the maximum voltage determined by the analyst, with a user balanced null
point (without the use of the voltage integral software). The comparison is shown in Table 30 for
the 10 Byron Unit 1 1995 tube pulls. The results indicate that for 360 degree flaws there is no trend
of the maximum voltage from the voitage integral software, where the null point is selected by the
software as the lowest point of the scan line, being reduced due to the affects of 360 degree flaw
when compared to the maximum voltage with a user aefined balanced null point. Significant effects
on voltage only occur when there is uniform degradation for 360 degrees. Tube pull results from
Byron Unit | indicate that this type of degradation does not exist.

A comparison of the maximum voltages obtained during the voltage integral look-back (where the
software selects the null point based upon the lowest point in the scan line) to previous look-back
results (where a user defined balanced null point is used) for indications determined by ECT to be
360 degrees was performed. The results are documented in Table 30. Similar to the tube pull data
the results indicate that for 360 degree flaws there is no trend of the maximum voltage from the
voltage integral software being reduced due to the affects of 360 degree flaw when compared to the
maximum voltage with a user defined balanced null point.
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Indications, analyzed with the voltage integral software, used to establish the burst and leak limits

with 360 degree degradation would provide a conservative result. The voltage of these indications |
would be reduced if the 360 degree affect described in the question (“null” line set for a scan line |
with no undegraded area) uffected the data. A reduced voltage correlated to the test pressure or leak
rate would therefore provide conservative limits. The tube pull and insitu pressure test data |
represents some of the most degraded tubes and therefore the burst limits are conservative.

3. The probe wear allowance that was developed in the August 20, 1996, submittal was
based on a small sample of the total SG tubes inspected. Provide an assessment of
probe wear based on all available data. The staff believes that the methodology used to
determine the probe wear allowance is significantly different from that used to
determine the probe wear allowance in GL 95-05. Discuss the basis for not
determining the probe wear allowance in accordance with the methodology used to
support the GL 95-05 probe wear allowance given that different SG tube roughness
can change the amount of probe wear observed between calibration runs.

Response (9/24/96):

No practice has been defined for measuring and tracking MRPC probe wear for circumferential
indications at the top of the tubesheet. An assessment to quantify the effects of MRPC probe wear
on indication voltages was performed. The assessment was structured to evaluate MRPC wear using
the Bobbin probe wear method documented in GL 95-05.

The probe wear was determined from the trends of the measured calibration standard voltages from
the first calibration standard to the last calibration standard measured for each calibration group.

Identified below are the similarities and differences to GL 95-05 for implementing the IPC criteria.
Similarities:

* Bobbin probe design must incorporate centering features that provide for minimum probe wobble
and offset; the centering features must maintain constant probe center to tube 1D offset for
nominal tubing.

® MRPC probe designed as a surface riding coil and the centering features provide constant probe
center to tube ID offset for nominal tubing.

e GL 95-05, probe wear should be controlled by either an inline measurement device or through
the use of a (wear standard) for periodic wear measurement.

e MRPC probe wear assessment was controlled by the ASME calibration standard as the
measurement device for periodic wear measurements.




® Bobbin wear standard contains four through wall holes, spaced 90 degrees apart around the tube
circumference.
® ASME standard contains one through wall hole.

® Initial Bobbin (new probe) amplitude response from each of the four holes is determined and
compared on an individual basis with subsequent measurements. Signal amplitudes or voltages
from the individual holes, compared with their initial amplitudes, must remain within 15% of their
initial amplitude for an acceptable probe wear condition.

¢ Initial MRPC (new probe) amplitude response from the single hole is compared on an individual
basis with subsequent measurements. Signal amplitudes or voltages from the individual hole,
compared with their initial amplitudes.

® The August 2, submittal Appendix A paragraph A.2.1 showed the results to be 5.62% and 5.5%
probe wear for the 100% TW EDM notch and the 100% TW drill hole respectively.

GL 95-05 describes a specific probe wear standard to be used for ODSCC at the TSP’s. This
standard is inappropriate for any MRPC because of the coil geometry differences. However, a single
100% TW hole or 100% TW EDM notch are the MRCP equivalent fo the bobbin coil standard.

ComEd has adequately accounted for the effects of RPC probe wear in assessment of Braidwood
Unit 1 end of cycle distribution.

Probe wear evaluation was performed on an additional 14 calibration groups representing over
eleven hundred tubes. The results of the additional calibration groups do not significantly change the
results of the probe wear assessment. The probe wear, including the additional calibration groups,
are 7.0% and 7.5% for the 100% TW drilled hole and the 100% TW EDM notch, respectively. A re-
analysis of the EOC approach for average voltage was performed to assess the impact of the
increased probe wear result. There is adequate conservatism used in the end of cycle calculations
including analyst uncertainty to account for this probe wear increase.



Table 3a. Byron 1 Growth Rate Bins and Number of Tubes for Maximum Voltage
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Table 3b. Byron 1 Growth Rate Bins and Number of Tubes for Average Voltage
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Table 8a

BOC Distribution for EOC Approach

Maximum Volts Average Volts
Voitage at EOC Approach Voltage at EOC Approach
Top of Bin Top of Bin
0.10 3 0.05 14
0.20 105 0.10 238
0.30 404 0.15 402
0.40 285 0.20 249
0.50 188 0.25 128
0.60 97 0.30 61
0.70 43 0.35 47
0.80 29 0.40 18
0.90 20 0.45 13
1.00 5 0.50 12
110 3 0.55 4
| _1.20 1 0.60 0
1.30 0 0.65 0
140 0 0.70 0
| 15 2 0.75 0
Lis 0.80 0
|42 1 0.85 0
B 0.90 0
} 0.95 1
{




Table 8b

EOC Distribution for EOC Approach
Maximum Voits Averags Volts
Voltage at Voltage at
Top of Bin | EOC Approach Top of Bin EOC Approach
010 3.79 0.08 13.73
0.20 12337 010 208 11
0.30 29589 015 314 64
0.40 259 70 0.20 229 68
050 176.38 0.25 143.
060 113.58 0.30 9057
0.70 70.79 0.35 56.67
0.80C 45 33 040 36 91
0.80 2869 045 2507
1.00 1910 0.50 16.82
110 12.90 055 12.12
120 8.36 0.60 790
1.30 598 0.65 504
1.40 445 0.70 4.39
1.50 317 0.75 3.09
1.60 234 0.80 243
1.70 1.91 0.85 1.85
1.80 141 0.90 148
1.80 1.16 085 129
‘ 2.00 0.96 1.00 1.08
210 0.71 1.08 0.98
2.20 055 110 0.67
2.30 049 1.15 0.57
2.40 0.33 1.20 0.49
250 029 125 043
260 0.26 1.30 0.36
270 018 135 0.26
280 0.21 1.40 0.26
2.90 0.23 145 0.26
3.00 0.25 150 0.10
3.10 018 1.55 017
3.20 0156 1.60 013
330 012 1.65 024
3.40 012 1.70 0.13
3.50 0.07 1.78 013
360 010 1.80 0.18
3.70 013 1.85 0.10
380 012 1.80 013
3980 008 195 0.09
4,00 0.06 __200 0.09
410 0.08 2.08 013
420 0.06 210 009
430 004 215 0.06
4.40 0.03 220 0.04
450 0.03 225 0.08
4 60 0.07 2.30 0.02
470 0.09 235 0.04
4 80 0.0€ 2.40 0.01
490 0.06 2.45 004
5.00 0.08 2.50 0.06




Table 192

Assessment of 0.58 Correction for

Other Reflectors
Ratio 20V
100% EDM/
Voltage Normalized @ 10 volts pp on | Voltage Normalized @ 20 volts pp on |10V 100%
the 100% TWH the 100% AXIAL EDM NOTCH TWH
INDICATION VOLTS _ |INDICATION VOLTS
100% TW 3.78 100% TW 2.08 0.55
61% FBH 451 61% FBH 264 0.59
20% FBH 142 20% FBH 0.78 0.55
100% AXIAL EDM OD 16.26 100% AXIAL EDM OD 9.51 0.58
40 % AXIAL EDM OD 1.00 40 % AXIAL EDM OD 0.58 0.58
20 % AXIAL EDM ID 0.69 20 % AXIAL EDM ID 0.40 0.58
20 % CIRC NOTCH ID 0.98 20 % CIRC NOTCH ID 0.49 0.50
40 % CIRC NOTCH OD 1.24 40 % CIRC NOTCH OD 0.70 0.56
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Table 18b

Field Data for Statistical Analysis of Industry ECT Correction Factors

VMWO!OMM“!OO%TWH VMWQmanlmmALEDMNOTCH
080 PANCAKE COIL 115 PANCAKE COIL 080 PANCAKE COIL 115 PANCAKE COIL
How Col | Volts VM Max vg_!vum Volts VM Max Volts VM Avg Voits VM Max VQWM nguu Volts VM Ava |
1 10 088 0.37 1.01 0.36 0.45 0.19 0.47 0.16
18 20 123 054 1.56 0.68 0.65 029 078 0.34
25 2 1.29 0.81 178 081 072 048 1.14 0.38
5 24 1.05 0.50 0.96 0456 0.49 024 0.42 0.20
40 32 1.00 0.42 1.01 0.48 0.55 023 057 027
47 3 0.39 0.24 0.58 0.23 0.31 0.14 0.36 0.35
42 N 048 029 067 0.34 0.30 0.15 0.39 0.19
41 31 0.94 0.39% 1 0.52 0.52 021 0.63 0.29
13 S 0.75 042 0.77 0.38 0.43 0.24 0.63 0.32
45 35 0.85 021 0.95 0.28 049 0.12 0.78 0.23
35 38 0.35 0.19 0.34 0.19 0.20 o1 028 0.16
14 41 092 0.34 0.80 025 0.40 0.14 0.50 0.15
21 4z 262 mm 221 0.87 120 051 143 0.56
38 43 2.10 1.00 1.85 0.84 087 0.46 121 0.56
39 43 122 0.88 1.08 0.68 0.55 0.37 0.70 044
17 45 1.35 0.68 126 071 0.62 0.31 0.81 0.47
26 45 122 0.52 14y 0.55 0.55 024 0.75 0.36
42 59 0.43 027 056 0.33 0.21 0.12 0.57 027
17 59 0.58 0.19 053 0.18 0.32 0.16 0.44 0.18
16 60 0863 0.32 0.65 028 0.33 0.18 0.52 023
18 61 0.51 0.19 0.68 028 029 0.10 0.59 0.22
14 60 1.00 043 117 047 0.53 o222 0.96 0.37
13 59 1.24 0.55 123 083 0.85 028 1.00 043
8 61 1.40 055 159 052 073 028 127 043
8 60 0.80 0.41 0.76 0.35 042 o 0.61 0.28
¢ 59 0.52 026 0.70 0.37 0.31 0.6 0.52 0.26
B 63 052 019 0.71 0.32 026 0.11 057 025
15 62 1.00 049 0.80 023 0.52 026 0.66 0.18
16 63 0.78 029 099 0.40 047 0.18 0.87 0.36
19 62 0.68 o 0.52 022 035 0.16 022 0.11
20 61 1.18 0.57 1.19 o4 0.61 0.30 1.06 0.45
25 &2 1.11 0.49 0487 0.33 0.57 026 o 026
28 64 0.79 0.31 0.72 0.21 0.38 0.14 0.82 0.39
37 64 129 0.57 1.30 057 0.67 0.30 1.04 0.46
45 6€ 122 0.59 1.3 058 0.64 0.21 1.06 047
41 65 1.37 0.58 1.24 0.55 067 027 0.99 044
38 46 113 027 1.20 0.35 0.69 017 088 0.26
24 47 1.30 0.61 111 0.52 0.79 0.37 0.81 0.38
26 ] 073 0.24 1.01 047 0.43 0.20 0.75 0.385
38 49 143 0.58 149 0.64 0.86 035 1.09 0.47
41 49 1.16 0.50 1.18 0.58 o 0.30 0.87 043
36 66 0.42 0.20 0.60 0.36 024 0.11 034 0.21
25 65 073 0.46 0.61 047 0.38 024 0.37 0.28
20 66 0.55 028 0.46 0.21 026 012 0.34 0.15
21 65 0.95 0.61 0.88 0.73 050 032 0.53 044
13 64 1.54 0.41 1.68 0.51 080 021 1.00 0.30
7 65 0.74 030 0.54 0.28 0.38 015 032 0.14
6 66 0.70 0.30 059 0.24 045 0.20 037 0.14
16 67 1.80 0.90 1.83 0.87 0.90 0.45 1.03 048
21 69 1.46 0.70 1.68 0.84 075 0.36 1.02 0.50




Table 19¢

Summary of Normalization Correction Factor
Determination Methods

~ Result
brmittal Data Result
Approach Date Data Source | Coil Used| Max. Voit | Avg. Volt Applied to:
Calibration Calibration 0.080" ana
Standard 8/2/06 |Standards 0.080" 0.58 0.115"
Statistical 0.080" 0.080" and
Based 9/17/06 |50 Field Ind's 0 080" 0.52 0.51 0.115"
Statistical Coil
Size Based 9/20/96 |50 Field Ind's 0.080" 0.51 0.080"
0.115" 0.68 0.115"




Table 20a

Data Used in initia! Coil Size Correction Factor
Comparison of 0.080" and 0.115" RPC Voltages

10.080" Volis I.Hﬁﬂ |
0.06 on
0.06 014
0.06 0.15
007 008
0.07 035
007 013
oo8 022
008 016
0.08 016
0.09 0.14
ooce 026
0.09 037
01 013
01 014
01 0.16
01 on
01 0.18
01 01
0.1 023
01 o1
01 018
01 014
01 019
on 017
0.11 c22
on 041
o1 012
0.11 0.48
0.11 0.18
o 013
011 0.1%
0.12 017
0.12 022
0.12 019
012 o
012 02
012 041
012 058
0.12 017
0.12 026
0.12 0.09
0a2 017
013 048
013 0.14
0.13 017
013 047
0.13 007
013 028
013 021
013 017
0.13 017
013 022
013 0.16
014 034
014 014
0.14 0.45
014 033
014 023

014 021




Table 202

Data Us- in Initial Coll Size Correction Factor
Comparis. . of 0.080" and 0.115" RPC Voltages

015 014
015 0P
015 0"
01§ 2.4
016 032
018 o4
018 024
016 026
016 024
0.16 043
016 L4
016 012
016 02
0.16 034
016 021
0.16 024
016 0.18
016 024
017 03
017 on
017 03
017 032
017 03
017 023
017 0.46
0.17 054
017 018
017 022
017 019
047 03
018 018
018 s
018 0.16
018 0.24
018 024
018 031
018 021
018 052
0.18 019
01ie 0s
018 013
018 036
019 013
019 036
e19 024
0186 017
018 024
019 037
019 023
019 03
02 03¢
02 047
02 033
02 014
02 058
02 018
0z 027
02 0.34
02 o
02 018

02 026



Table 20a

Data Used in Initial Coii Size Correction Factor
Comparison of 0.080" and 0.118" RPC Voltages

[0.080" Vohs | 115 vohs |

02 0.2¢

02 042
021 014
o1 018
021 017
021 02

021 038
021 0.34
021 027
o021 c23
021 0239
021 03

022 027
022 024
022 0.36
022 017
022 028
022 024
023 033
023 0.14
023 012
023 084
023 045
023 05e
023 03

023 048
023 024
023 031
024 022
024 032
024 .16
024 0852
028 022
028 04

028 0.1%
025 061
025 0.46
028 064
028 02

028 033
028 024
028 034
026 019
026 011
026 045
c26é 024
026 o1
026 035
026 037
027 029
027 0%
027 028
027 017
027 04

027 0.18
027 033
027 041
027 032
028 096
028 081

028 013



Table 20z

Data Used in Initial Coil Size Correct on Factor
Comparison of 0.080" and 0.115" RPC Voltages

0 080" Vols 115 volts

0 034
028 0.36
028 0.96
028 03

028 018
c28 033
028 0.33
028 0.6¢
028 058
028 032
029 056
029 0.38
020 03

028 037
028 037
03 026
03 043
03 028
03 03

03 053
03 028
03 027
031 048
031 04

031 053
o 059
031 058
03 034
032 064
032 037
0.32 0.78
032 054
0.32 038
032 0.13
032 022
032 0%

033 04

034 037
034 06

035 038
038 08s
038 044
035 04

0.36 0.58
0.36 056
0.36 03¢
037 061
037 093
037 034
037 054
037 oee
037 04

037 041

037 038
037 ()
038 04

038 044
038 0862
0.38 042
038 o2e



Tabie 20a

Data Used in Initial Coil Size Correction Factor
Comparison of 0.080" and 0.115" RPC Volitages

0.080" Vois 115 vois

0.3% 0.

0.39 087
039 051
038 0863
03¢ 063
04 067
04 042
04 0.45
04 088
041 107
os 054
041 087
041 072
041 0.36
041 0.81
042 0.35
042 088
042 033
042 0.39
042 06
043 042
043 mm
044 051
044 049
0.44 058
0.45 073
046 084
046 085
047 058
047 053
048 036
048 053
048 098
040 049
049 063
049 0.72
0s 083
0s 0.68
0s 063
05 orm
051 038
082 072
0s2 088
053 029
053 017
V53 043
053 074
054 084
054 07
054 085
058 056
055 048
058 032
056 064
056 omn
57 0.86
087 059
057 082
058 037
059 ose



Table 202

Data Used in Initial Coil Size Correction Factor
Comparison of 0.080" and 0.115" RPC Voltages

10.080" Vois __| 115 vots J

06 133
06 02
06 1.12
06 088
062 1.07
0.62 1.01
062 082
063 078
083 03
0864 077
064 0.24
065 082
065 057
0.65 065
067 0.82
0.67 087
067 084
068 0.7
068 0865
068 113
069 0.46
07 078
o7 074
071 1.06
o 064
072 114
072 047
073 032
074 046
074 o7
0.76 057
0."¢ 108
c7 1 82
078 085
07% 052
0s8 087
0.81 1
081 0.86
085 104
0.86 051
0.88 s
089 1.19
106 088
1.0 077
i 04



Summary of Coil Size Correction Factor

Table 20b

Determination Methods

Result
Voltage
Submittal Normalization Data Result
Approach| Date Data Source Used Max. Volt | Avg. Volt Applied to:
1996 Look- 20 Volts 100% 10 Volts 100%
Average | 8/2/96 |Back Data EDM 0.76 TWH
Statistical 20 Volts 100% 10 Volts 100%
20V 9/17/06 |50 Field Ind's EDM 0.72 0.74 TWH
Statistical 10 Volts 100% 10 Voits 100%
10V 8/20/96 |50 Field Ind's TWH 0.75 TWH







Table 30
Assessment of 360 Degree Flaws on

Voltage Integral Software
June 06 Previous
Look-back Look-Backs
MET Arc VIR Max Rato of Max/Vir
Lengtn Voltage  Max V Max Look-Back
Row Col. (dearees) {volts) {voits) _|Vohages
Byron Tube Pull Data
38 55 310 0.64 0.78 122
7 %3 360 0.39 0.18 048
14 93 360 092 048 0.50
24 42 340 124 117 0.95
23 43 359 1.13 125 111
38 bt 279 037 0.18 048
20 88 360 0.41 0.33 0.81
28 (=3 319 0.32 0.1 0.31
24 9 - 343 0.41 NDD e
14 37 380 0.31 059 182
Braidwood ECT inspection 360 Flows
46 45 . 0.38 04 1.086
21 54 . 1.36 107 0.7%
i3 102 . 1.06 08 0.78
Byron 1896 G C ECT Inspection 360 Flaws
3 9% . 0.32 0.16 050
4 87 - 04 0.12 0.30
7 % . 0.31 0.y 0.32
8 '3 . 056 NDD -
12 7 - 0.37 017 048
13 7 . 031 0.18 048
18 o - 041 026 083
i8 37 043 NDD .
Byron 1888 SG B ECT Inspection 360 Faws

1 93 . 0.78 0.7 0.89
1 104 - 061 0.28 0.46
5 3 0.42 0.56 133
3 107 . 0.44 052 1.18
° 68 . 027 026 0.6
18 ” - 036 0.73 203
13 82 . 044 0.3% 088
13 93 . 0.44 05 1.14
14 7% - 047 047 1.00
18 60 . 0.37 021 057
17 48 . 07 0.68 087
20 0% . 0.49 0.44 0.90
20 90 - 0.78 0.7 093
2 123 . 0.34 0.32 094
24 74 - 0.75 0.81 1.08
26 4s - 0.67 048 0,67
7 50 . 053 045 0.85
28 a5 - 0.44 04 0.8
30 s - 0.64 0.61 065
w 72 - 054 0% 083
39 47 0.43 0.17 0.40
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of Industry Experience Base

lndustryUpper,Bound/ ¢ Brd 2/95

/ o Brd 10/95
/

14
Average Volts



Number of Tubes

45 ¢

35 ¢

25

1.5 1

05 4

Braidwood Unit 1 Maximum Voltage Growth 2/95 to 10/95
Figure 2a

Volts

0.5

04

-0.3

0.2

o

S S % 2T w o © N A - -
© © © © ©o © © © o -

0.1

0.080" RPC Voltage, volts

12

13

1.4

1.8




45 1

@
3]

w

]

-
w

05 ¢

Number of tubes
N
wm

Braldwood Unit 1 Average Voltage Growth 2/95 1o 10/95

Figure 2b

0.2
0.1§5
0.1
0.05

™~
s 8 3
o

.
o
0.080" RPC Veltage, volis

=3
o

0.05

0.35

04

045

0.5

0.55

0.6

0.65

{WAvg Volts GrowthVEFPY |




Pressure, ksi
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Figure 6a. Maximum Voltage vs. Adjusted Insitu or Burst Pressure
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