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Byron Unit 1

Interim Piugging Criteria Return to Power Report

1.0  Introduction

This report provides the Byron Unit 1 steam generator tube Eddy Current (EC) inspection
results at the end of Cycle 7A* together with Steam Line Break (SLB) leak rate and tube
burst probability analysis results calculated usirg the measured voltage data, in support of
the implementation of the 3.0 volt Interim Plugging Criteria (IPC). SLB leak rates and tube
burst probabilities were calculaied considering conditions before and after tube support plate
(TSP) locking. Since the EOC-7A rest. .+, represent completion of a cycle implementing a 1
volt IPC, the reference leak and bur.  halyses are based on methods which assume that the
TSP indications are exposed due to TSP displacement under SLB conditions. The leak and
burst analyses based on the assumptions of TSP locking are provided for information as
sensitivity enalyses. Leak rate . 4 probability of burst (PoB) values calculated with the
actual voltage distributions are compared with the corresponding projections for EOC-7A
(based on projected indication population using the EOC-6 data). The methodology used
in these evaluations is in accordance with previously published Westinghouse reports
(References 7.1 and 7.2). Projections of EC bobbin voltage distributions, and leak rate and
burst probability analyses based on the 3.0 volt repair criteria for the upcoming Cycle 7B
operation will be presented in the 90-day report.

2.0  Summary and Conclusions

SLB leak rate and tube burst probability analvses were performed for all four steam
generators (SG) based on their actual EOC-7A EC bobbin voltage distributiuns. During the
EOC-6 outage, projections for EOC-7A were performed only for SG-C as it was judged to
be the limiting SG since it had the largest growth rate measured and ranked second in the
n. mber of indications returned to service. The results based on EOC-7A actual voltage
distributions indicate a slightly higher leak rate and burst probability for SG-B in comparison
to SG-C, but the absolute differences are small. The EOC-7A projections or SG-C based
upon a probability of detection (POD) of 0.6 are very conservative (higher) relative to the
results based on the actual EOC-7A voltage dist-ibution by at least a factor of 35. Even for
a POD value of unity, the EOC-7A projections are conservative by a factor of 20. The large
Jifferences between the rojectio: - and actuals are due primarily to reduction in voltage
growth, particularly for t.-2 large . oltage tail of the growth distribution. The leak rate and

Since this is a mid-c ycle inspection, for clarity, the cycle just completed is referred to as Cycle 7A and
the upcoming cyc'a as Cycle 7B
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burst probab.lity at the actual EOC-7A voltage distributions for all four SGs, calculated as
free span for 5LB conditions, are well within the allowable limits.

For the actual EOC-7A bobbin voltage distri’ ttion, the largest free span SLB leak rate
(applicable prior to TSP locking) is calculated for SG-B and its magnitude is 0.075 gpm. The
corresponding burst probability is 1.3x10 " These values are much lower than the
allowable Cycle 7A SLB leakage limit of 12.5 gpm and the NRC reporting guideline of 10?
for the conditional tube burst probability. They are also significantly below the bounding
projected leak rate and burst probability for EOC-7A conditions, 2.5 gpm and 1.91x10°?,
predicted for SG-C using the NRC required POD value of 0.6. The corresponding values
calculated for SG-B for a locked TSP condition are 0.075 gpm leak rate and a burst
probability of less than 4x 10 ° (only cold leg indications contribute to burst). Thus, the
results are much lower than IPC requirements, and the EOC-78 projections, to be reported
in the 90 day report, can also be expected to meet the requirements. However, the SLB
leak rate projections for EOC-7B will be higher than found for the actuals due to the GL 95-
05 requirement to use the largest voltage growth found for the last two cycles of operation.

A total of 5005 indiceouns were feund in the EOC-7A inspection of which 219 were
inspected with a Rotating Pancake Coil (RPC) probe (including a minimum of 20 % of hot
leg indications between 1 and 3 volts and all hot leg indications above 3 volts), and 161
were confirmed as flaws. The RPC confirmed indications included 156 above 1.0 volt. SG-
B had 1602 bobbin indications, of which 264 were above 1.0 volt, 67 of these were
inspected by RPC and 51 were confirmed as flaws. Only one indication was found above
3 volts, 3.17 volts in SG A, and it was confirmed by RPC. No unexpected inspection results
were found at the TSP intersections, such as circumferential indications, indications
extending outside the TSP or PWSCC at dented TSP intersections.

3.0 EOC-7A Inspection Results and Voltage Growth Rates
3.1 EOC-7A Inspection Results

In accordance with the IPC guidance provided by the NRC Generic Letter 95-05, the end
of Cycle 7A inspection of the Byron Unit 1 steam generators (SG) consisted of a complete,
100:% EC bobbin probe full length examination of the tube bundles ' all four SGs. A 0.610
inch diameter probe was used for all hot and cold le, TSPs where IPC was applied.
Cubsequently, RPC examination was performed for a minimum of 20 percent of hot leg
mdications with an amplitude between 1 and 3 volts, all hot leg indications with an
amplitucie 3 volts and above, and all cold leg indications with an amplitude above 1 volt.
There was only one hot leg indication above 3 volts. It was confirmed as a flaw and
plugged. None of the cold leg indications had a bobbin voltage above 1 volt.

In addition, an augmented RPC inspection was performed consistent with the NRC
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requirements. All dented intersections with a bobbin voltage greater than 5 volts and a
minimum of 20 percent of intersections with a bobbin voltage between 2.5 and 5 volts were
inspected with RPC. The augmented RPC inspection also included 8 TSP intersections with
mixed residual artifact signals (MRI). There were no RPC flaw indications reported in the
augmented inspection.

There was no evidence of any unexpected eddy current results at EOC-7A. There were no
RPC circumferential indications at the TSPs, no indications extending outside the TSPs, no
RPC indications with potential PWSCC phase angles, no flaw indications at dented TSP
intersections at any dent voltage and there was no signal interference from copper deposits.
All RPC responses were consistent with that expected for ODSCC at TSP intersections.

A summary of EC indications for all four steam generators is shown on Table 1, which
tabulates the number of field bobbin indications, the number of these field bobbin
indications that were RPC inspected, the numbe: of RPC confirmed indications, and the
number of indications removed from service due to tube repairs. The indications that
remain active for Cycle 7B operation is the difference between the observed and the ones
removed from service. The steam generator repair list has not yet been finalized pending
completion ol the sleeving operation. The numbers shown for indications removed from
service and indications returned to service are based on a preliminary repair list, and as
such, they may be revised,

Overall, the combined data for all four steam generators of Byron Unit 1 shows that:

« Out of a total of 5005 indications identified during the inspection, a total of 219
were RPC inspected.

L] Of the 219 RPC inspected, a total of 161 were RPC confirmed.

. Based on the preliminary repair list, it is expected that about 525 indications would
be removed from service. Consistent with the new 3 volt IPC, RPC confirmed hot
leg indications with bobbin an amplitude of less than or equal 3.0 volts and RPC
contirmed cold leg indications less than or equal to 1 volt are not considered for
removal from service,

A review of Table 1 indicates that although a few more indications were found in SG-B
(1602) than in SG-C (1595), more indications (a quantity of 1546, with 244 indications
above 1.0 volt) would be returned to service in SG-C, per preliminary repair list, thereby it
potentially will be the limiting SG at EOC-7B. However, it is noted that SG-A had the
largest indication (3.17 volts) found in the EOC-7A inspection. Figure 1 shows the actual
bobbin voltage distribution determined from the EOC-7A EC inspection; Figure 2 shows the
population distributini »f those EOC-7A indications removed from service due to tube
repairs; Figure 3 shows e indications which could be returned to service for Cycle 78, per
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preliminary tube repair list. Of the 525 indications to be removed from service, only 21
indications are of the nature requiring tube repairs and the rest are in tubes plugged for
degradation mechanisms other than ODSCC at TSP’s .

3.2  Voltage Growth Rates

Table 2 shows the cumulative probability distribution function for growth rate of each Byron
Unit 1 steam generator during the last two operating periods (Cycles 6 and 7A). The growth
rates are presented on an EFPY basis to account for the difference in the length of two
operating periods. Figure 4 provides a comparison of the composite voltage growth from
all four steam generators for the two operating periods. For Cycle 7A operation, SG-B has
a slightly larger average voltage growth among the four steam generators, and it also has the
indication with the largest voltage growth.

Chemical cleaning of the Byron Unit 1 steam generators was performed during the EOC-6
outage, so it is of interest to compare the growth rates for Cycle 6 and 7A. Overall, the
growth rates during Cycle 7A are slightly under those observed for Cycle 6. The average
growtih rate for all four SGs combined was 0.269 volt /EFPY during Cycle 6 versus 0.235
volt /EFPY for Cycle 7A. While there were 10 indications among all four SGs with a growth
rate above 2 volts in Cycle 6, only two such indications were found for Cycle 7A. The
highest growth rate for Cycle 6 was 7.8 volt /EFPY compared to 2.5 volt /EFPY for Cycle
7A.

3.3 NDE Uncertainties

The NDE uncertainties applied for the Cycle 7A voltage distributions in the Monte Carlo
analyses for leak rate and burst probability are the same as those described in the Braidwood
Unit 1 IPC report of Reference 7.1. The probe wear standard used in the analyses has a
standard deviation of 7.0 % about a mean of zero and a cuteff at 15 % for voltage response
variability, which is consistent with the alternate probe wear measurement approach used
during the EOC-7A inspection. The analyst variability uncertainty has a standard deviation
of 10.3% about a mean of zero with r.o cutoff.

4.0 Database Applied for IPC Correlations

The database used for the IPC correiations that are applied in the analyses of this report are
an updated version of the database documented in Reference 7.2. South Texas pulled tube
data have been added to the IPC database. The updated database is in compliance with the
NRC GL 95-05 guidelines for application of leak rate versus voltage correlations and for
removal of data outliers in the 3/4 inch tubing burst and leak rate correlations.
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5.0  SLB Analysis Methods

Monte Carlo analyses are used to calculate the SLB ieak rates and tube burst probabilities
for actual voltage distributions. The methodology used complies with the Byron Unit 1 SER
and is described in Reference 7.1, and also in the Westinghouse generic methods report of
Reference 7.2.

Monte Carlo analyses for leak rates and tube burst probabilities for the actual distributions
incluc . NDE uncertainties. Based on the 3/4" diameter tubing database, the NRC
requirement that the p value obtained from the regression analysis be less than or equal to
5% to apply the SLB leak rate versus voltage correlation is satisfied and the correlation is
applied for the leak rate analyses of this report.

SLB leak rates and tube burst probabilities are calculated considering conditiens before and
after tube support plate (TSP) locking. When TSP’s are locked with tube expansion,
indications in the hot leg side are restrained from bursting so the burst probability
calculations are based only on indications found on the cold side. Since only a small
fraction of the indication population is on the cold leg side, the burst probabilities are
expected to be substantially smaller than those estimated with the usual IPC/APC
methodology (which includes the entire indication population). Leak rate analysis include
indications restrained from burst (IRBs) based on a 6.0 gpm leak rate for IRBs. Leak rates
and PoB calculated by both methods using the actual voliage distributions are compared
with the corresponding prior projections for EOC-7A.

6.0  SLB Leak Rate and Tube Burst Probability for EOC-7A

Using the methodology described above, analyses were performed to calculate EOC-7A SLB
leak rate and tube burst probabilities for the actual bobbin voltage distribution presented in
Table 1. The analyses considered conditions before and after TSP locking. The results of
Monte Carlo calculations for Cycle 7A are summarized on Table 3. The free span analyses
(appropriate prior to TSP locking) are the reference analyses for Cycle 7A and their results
are to e compared with allowable limits. Comparison of the EOC-7A actuals with the
corres, onding predictions indicates that:

a) SG-C was predicted to be the most limiting steam generator for EOC-7A based on an
£OC-7A voltage distribution projection performed during EOC-6 inspection.

b) SG-B was determined to have the highest tube leak rate and PoB numbers based on

actual EC bobbin measurements for EOC-7A, although the absolute differences in the
results for SG-B and SG-C are small.
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c) The leak rate and PoB predictions from the EOC-6 inspection (based on projected
indication population distribution) for SG-C are very conservative compared to actual
ieak and PoB values for all four SGs based on EC bobbin measurements for EOC-7A
(by a factor of at least 35). The large differences between projections and actuals are
attributable to a reduction in voltage growth. Figure 5 shows the actual and
projected EOC-7A bobbin distributions used in the leak rate and burst analyses for
SG-C. The projected indicaticn population based on EPRI POD being greater than
the measured population above 0.9 velt indicates that the actual growth rates in
Cycle 7A were below the growth rates assumed for projections (Cycle 6 rates). The
use of a constant POD of 0.6, per the GL 95-05 requirement, results in further
overestimation of indication population in higher voltag= bins, and consequently,
introduces additional conservatism in the results.

d) The leas rate and PoB predictions for all four SG’s based EOC-7A bobbin
measurements are well within the allowable limits.

e) With TSP’s locked, tube burst probability decreases by more than two orders of
magnitude.
f) The effect of IRBs on the SLB leak rate compared to free span analysis is negligible

due to the low free span PoB for the actual distributions.

In summary, the free span SLB leak rate (0.064 gpm) and tube burst probability (5.33 x 10
*) calculated using the actual EOC-7A bobbin voltage distribution for SG-C are far below
the corresponding projections assuming a voltage frequency based on the NRC SER
endorsed probability of detection of 0.6. The limiting leak rate (0.075 gpm) and Pob (1.3 x 10
") values were calculated for SG-B, and they are slightly higher than those calculated for
SG-C. The results for all four SGs are much lower than the allowable Cycle 7A SLB leakage
limit of 12.5 gpm and the NRC reporting guideline of 107 for the tube burst probability.
Thus, the results meet the IPC requirement for continued operations for at least 90 days.
Predictions for EOC-7B to be presented in the 90 day report will justify continued operation
beyond 90 days. The major impact of restraining indications on the hot leg side from
bursting is to decrease tube burst probability by over two orders of magnitude.
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Table 1 ( Sheet 1 of 2)
Byron Unit -1 November 1995 Outage

Inspection and Repair For Tubes in Service During Cycle 7A
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Table 1 (Sheet 2 of2)
Byron Unit -! November 1995 Outage
Summary of Inspection and Repair For Tubes in Service During Cycie 74

Steam Generator D Composite of All 4 SGs
In-Service During Cycle 7A BOC - 7B In-Service During Cycle 7A BOC 7B
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Table 2
Byron Unit 1 November 1995
Signal Growth Statistics For Cycle 7A on an EFPY Basis
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Table 3

Byron Unit 1 1995 EOC- 7A Outage
Summary of Calculations of Tube Leak Rate and Burst Probability
Based on Actual Bobbin Voltage - 250k Simulations

I e s e

POD

Number
of Indi-
cations

Max.
Volts'"

e T e —

Burst Probability

1 Tube

2 Tubes

lw

3.26x10°

- 7A PROJECTIONS FROM FOC-6""
C 0.6 1215 1.5 1.91%x10* | 1.66x10* 2.50
C EPRI 856 6.7 517x10°° | 1.95x10° 1.00
C POPCD 977 6.8 591x10 " | 5.19%10° (.20
C 1 616 6.5 1.20x10*

0.52

EOC - 7A  ACTUAL (Free Span - With Disla It
A 1 922 35 | 1.07x10°' | < 4 x10° | 0.060
B 1 1602 3.5 1.30x10° | < 4x10° | 0.075
C 1 1595 3.2 533x10* | <4 x10° | 0.064
D 1 886 3.5 6.49x1(l)-:_ < 4 x10° | 0.056
EOC - 7A  ACTUAL (Tube Support Plates Assumed Locked)
Hot Side 1 919 3.5 Negligible” | Negligible” | 0.060
A Cold Side 1 3 0.7 <4x10°| <4x10°|1x10"*
Combined “ 922 3.5 <4x10" | <4x10° 0.06
Hot Side 1 1599 35 Negligible” | Negligible” | 0.075
B Cold Side 1 3 1.3 <4x10°] <4x10°|1x10"*
Combined . 1602 3.5 <4x10° | <4 x10° | 0.075
Hot Side 1 1594 3.2 Negligible” | Negligible” | 0.064
C Cold Side 1 1 0.8 <4x10*] <4x10°|1x10*
Combined v 1595 3.2 <4x10" | <4x10° | 0.064
Hot Side 1 885 35 Negligible" | Negligible" 0.056
O Cold Side 1 1 0.4 <4x10"| <4x10° | 1x10"
. Combined . 886 3.5 < 4x10" | <4x10° 0.056_|
Notes:

1 Voltages include NDE uncertainties from Monte Carlo analyses and exceed measured voltages
2 Based on a projected mid-cycle 7 length of 298.5 EFPD (Actual Cycle 7A duration is 317.4 EFPD)
3 Be'low 10" (Reference 7-4)
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Figure 1
Imit -1 October 1995 Outage

Bobbin Veliage Distributions for Tubes in Service During Cycle 7A
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Bobbin Voltage Distributions for Steam Generator C at EOC-7A
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