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Byron Unit - 1 End-of-Cyde 7B
Inverim Plugging Criteria Report

1.0  Introduction

This report provides the Byron Unit 1 steam generator (SG) tube Eddy Current
(EC) inspection results at the end of Cycle 7B* together with Steam Line Break
(SLB) leak rate and tube burst probability analysis results calculated according to
NRC guidelines, to implement a 3.0 volt Interim Plugging Criteria (IPC). SLB
leak rates and tube burst probabilities were calculated for end of cycle (EOC)
'onditions of both the recently completed cycle (Cycle 7B) and the ongoing cycle
. ‘vele 8).

Analyses for Cycle 7B were carried out using the actual bobbin voltage
distributions measured during the EOC-7B outage and the results compared with
corresponding values from projections performed based on the last (EOC-7A)
inspection bobbin voltage data. These analyses were carried out considering the
locked tube support plate (TSP) condition. The methodology used in these
evaluations is in accordance with previously published Westinghouse reports
(References 8.1, 8.2 and 8.6)

Analyses were also performed to project leak rates and tube burst probability for
postulated SLB conditions at the end of the ongoing cycle (Cycle 8) based on the
3.0 volt repair criteria. Those analyses utilized bobbin voltage distributions
measured during the recent (EOC-7B) inspection and a limiting growth rate
distribution from the last two inspections (EOC-7A and EOC-7B inspections).

An evaluation was also performed to assess the fraction of the indications that
showed no degradation during the rotating pancake coil (RPC) probe inspection in
1995 EOC-7A inspection, were left in service at beginning of cycle 7B (BOC-7B),
and were RPC confirmed in 1996 at EOC-7B.

*Since this is the second of two inspections conducted during Cycle 7, for clarity, the cycle
completed before the mid-cycle inspection 18 referred to as Cycle 7A and the cycle just completed
as Cycle 7TB.
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2.0 Summary and Condusions

SLB leak rate and tube burst probability analyses were performed for the actual
EOC-7B EC bobbin voltage distributions as well as the projected EOC-8 bobbin
voltage distributions. Results for the EOC-7B actual measured bobbin voltages are
generally lower than the corresponding projections performed using the EOC-7A
outage bobbin voltage data and a probability of detection of 0.6 except for SG B
SLB leak rate. The highest bobbin viltage measured for SG B (after adjusted for
NDE uncertainty by a Monte Carlo imigue) 18 0.5 volts higher and the SLB leak
rate based on the actual voltages is © /2 gpm higher than the projected value (0.25
gpm). The above difference in the calculated leak rate 1s very small in comparison
to its acceptance limit (35.7 gpm). The number of indications detected on the cold
leg side in all SGs during the EOC-7B ispection are slightly higher than those
assumed 1n the projection analyses, and the peak voltages measured are also
slightly higher. However, the cold leg indication population detected is still small
and, consequently, all calculated tube burst probability values are below 4 x 10°.

Projections performed during the last outage for EOC-7B using a constant POD of
0.6 as well as EPRI POD predicted SG-B to be the limiting SG, which is consistent
with the analy ses based on EOC-7B actual measured voltages. The SLB leak rate
for SG-B based on actual EOC-7B bobbin voltages is calculated to be (for the locked
TSP conditicn) 0.27 gpm, and the corresponding tube burst probability is below
4x10°. These values are much lower than the allowable Cycle 7B SLB leakage
limit of 35.7 gpm and the NRC reporting guideline of 10 for the conditional tube
burst probability.

The leak rate and tube burst probability projections at EOC conditions for the
current cycle (Cycle 8) are also well within acceptable limits. Limiting SLB leak
rate projected for the EOC-8 conditions (locked TSPs) using the NRC SER
endorsed probability of detection of 0.6 is 19.0 gpm. This value is projected for SG-
C which has the largest number of indications and it 1s well below the allowable
EOC-8 leakage limit of 35.7 gpm. The highest tube burst probability, 9.4x10*, is
predicted for SG B which has the largest number of indications on the cold leg side
(only cold leg indications contribute to burst) and it is also well below the NRC
reporting guideline of 10%.

Results projected for EOC-8 are significantly higher than found at the actual EOC-
7B condition due to the longer operating cycle resulting in conservative growth
rates used in the projections. Voltage growths during the 1.35 EFPY duration
assumed for Cycle 8 were obtained by five fold extrapolation of the measured
eprowth rates for Cycle 7B, which was a very short cycle (0.24 EFPY).
Uncertainties in the bobbin voltage measurements would exaggerate growth rates
obtained with such large extrapolation. Also, the NRC requirement to adjust the
number of indications upwards using a probability of detection factor of 0.6
increased conservatism in the projections.
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A total of 5719 indications were found in the EOC-7B inspection of which 291 were
inspected with a 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 220 were
confirmed as flaws. The RPC confirmed indications included 191 above 1.0 volt.
SG-C had the largest number among the four SGs with 2040 bobbin indications,
of which 369 were above 1.0 volt, 84 of these were inspected by RPC and 76 were
confirmed as flaws. Seven indications were found above 3 volts (one each in SGs
A and C, and 5 in SG B) and they were all confirmed by RPC.

’ All dents over 5 volts and 20% of dents between 2.5 and 5.0 volts were RPC
inspected. An ID-initiated, axial indication was reported in a dent (expected to be
a mechanical ding) at the edge of the sixth TSP on the cold leg side of tube R1-C74
in SG-A. The indication starts at the top of the TSP and extends upwards 0.21"
outsiie the TSP. Its RPC voltage is 1.17 volts (115 mil pancake coil) and the
bobbin voltage of the dent is 15.77 volts. There is also another dent of magnitude
7.13 volts at that intersection located entirely within TSP. No other 1D indications
at dented TSP intersections or circumferential indications at the TSP intersections
or indications extending outside the TSP were found in this inspection.
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3.0 EOC-7B Inspection Results and Voltage Growth Rates
3.1 EOC-7B Inspection Results

According to the IPC guidance provided by the NRC Generic Letter 95-05, the end
of Cycle 7B inspection of the Byron Unit 1 SGs consisted of a complete, 100% EC
bobbin probe full length examination of the tube bundles in all four SGs. A 0.610
inch diameter probe was used for all hot and cold leg TSPs where IPC was applied.
Subsequently, RPC examination was performed for a minimum of 20 percent of the
hot leg indications with an amphitude between 1 and 3 volts, all hot leg indications
with an amplitude 3 volts and above, and all cold leg indications. Seven hot leg
indications had a bobbin voltage above 3 volts; they were all confirmed as flaws
and plugged. The only cold leg indication with a bobbin voltage above 1 volt was
not confirmed by RPC. It was also below the upper voltage limit calculated for the
cold leg indications, 2.56 volts, and hence it was not repaired.

In addition, an augmented RPC inspection was performed consistent with the NRC
requirements. All dented intersections with a bobbin voltage greater than 5 volts
and a minimum of 20 percent of the dented intersections with a bobbin voltage
between 2.5 and 5 volts were inspected with a RPC probe. Only one flaw was
reported in the augmented inspection: an ID-initiated, axial indication was found
in a dent at the edge of the sixth TSP on the cold leg side of tube R1-C74 in SG-A.
The indication starts at the top of the TSP and extends upwards 0.21 inch outside
the TSP. Its RPC voltage is 1.17 volts (115 mil pancake coil) and the bobbin
voltage of the dent is 15.77 volts. There is also another dent of magnitude 7.13
volts at that intersection located entirely within the TSP. The 0.21 inch flaw is too
small to challenge structural integrity for a free span indication. Apart from this
ID indication, there was no other unexpected eddy current results in this
mspection. There were no RPC circumferential indications at the TSPs, no
indications (other than R1-C14) extending outside the TSPs, and no RPC
indications with potential ID phase angles (except for R1-C14 in SG-A). Also, no
mixed residual artifact signals or signal interference from copper deposits were
found during this inspection.

A summery of EC indications for all four SGs is shown on Table 3-1, which
tabulates, the number of field bobbin indications, the number of those indications
that were RPC inspected, the number of RPC confirmed indications, and the
number of indications removed from service due to tube repairs. The indications
that remain active for Cycle 8 operation is the difference between the observed and
the ones removed from service.

Overall, the combined data for all four SGs of Byron Unit 1 shows the following.

. Out of a total of 5719 TSP indications identified during the inspection, a
total of 291 were RPC inspected.
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Of the 291 RPC inspected, a total of 220 were RPC confirmed.

» A total of 299 indications were removed from service of which only 26
indications were repaired because of TSP ODSCC related causes (7
indications exceeded 3 volt IPC repair limit and the other 19 were RPC-
confirmed indications near the wedge locations where IPC does not apply).
No cold leg TSP ODSCC indications required repair. Consistent with the
3 volt IPC, hot leg indications with bobbin amplitude less than or equal 3.0
volts and cold leg indications less than or equal to 1 volt are not considered
for removal from service, regardless of RPC data.

A review of Table 3-1 indicates that more indications (a quantity of 1964
indications, with 348 above 1.0 volt) were returned to service in SG-C than the
other SGs, thereby i1t potentially will be the limiting SG at EOC-8 from the
standpoint of SLB leak rate. SG-B had the largest number of cold leg indications
found 1in the EOC-7B inspection (12) and, since tube burst probability is
determined “w cold leg indication population only, it potentially will yield the
limiting tube pburst probability at EOC-8. As discussed in Section 7, the SG-C
bobbin voltage distribution yieided the largest SLB leak rate projected for the
EOC-8 condition, while SG-B yielded the largest tube burst probability.

A total of ten RPC probe signals from all four SGs were classified as volumetric
calls in the field inspection and the C-Scan pictures for two of them with the
largest bobbin and RPC voltages are shown here in Figures 3-1 and 3-2. RPC
signals for all ten indications are consistent with those of axial indications with
cellular patches and the more appropriate classification for the signals would be
axial OD indication consistent with IPC application.

Figure 3-3 shows the actual bobbin voltage distribution determined from the EOC-
7B EC inspection; Figure 3-4 shows the population distribution of those EOC-7B
indications removed from service due to tube repairs; Figure 3-5 shows the
distribution for indications returned to service for Cycle 7B. Of the 299 indications
removed from service, only 26 indications are in tubes repaired for TSP IPC-
related issues. The rest are in tubes plurged for degradation mechanisms other
than ODSCC at TSPs. Among the 26 ODSCC indications removed from service
due to IPC-related 1ssues, only three indications were above the 3 volt IPC limit.
The remaining 19 indications are in tubes near the wedge supports for which the
TSP IPC does not apply.

The distribution of EOC-7B indications as a function of support plate location is
summarized in Table 3-2 and plotted in Figure 3-6. The data show a strong
predisposition of ODSCC to occur in the first few hot leg TSPs (5120 out of 5593
indications occurred at the first three hot leg TSP intersections), although the
mechanism extended to higher TSPs. One indication was found at the FDB (1H)
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in SG A, and this indication was repaired. Only 31 indications were detected on
the cold leg side. This distribution indicates the predominant temperature
dependence of ODSCC at Byron Unit-1, similar to that observed at other plants.

3.2 Voltage Growth Rates

For projection of leak rates and tube burst probabilities at the end of Cycle 8
operation, voltage growth rates were developed from EOC-7B (April 1996)
inspection data and a reevaluation of the same indications from the EOC-7A
(November 1995) inspection EC signals. Table 3-3 shows the cumulative
probability distribution of growth rate for each Byron Unit-1 steam generator
during Cycle 7B (December '95 - April '96) on an EFPY basis, along with the
corresponding Cycle 7A growth rate distributions. Out of the 5719 indications
detected during the EOC-7B inspection, reevaluated EOC-7A voltages are not
available for 126 indications and, therefore, growth data is presented for 5593
indications only. Cycle 7B growth data are plotted in Figure 3-7. Among the four
steam generators, SG-B has a slightly larger average voltage growth during Cycle
7B, and it also has the indication with the largest voltage growth. The curve
labelled 'cumulative' in Figure 3-7 represents averaged composite growth data from
all four SGs.

Composite growth rates from all SGs for Cycle 7B are compared with those of
Cycles 6 and 7A in Figure 3-8; the data for Cycle 7B appear to be higher than
those for the two prior operating periods. However, since Cycle 7B was a very
short cycle (only 87.8 EFPDs), the differences between the current and last
ispection bobbin voltages were multiplied by a factor of about 4 to convert them
to the growth rate/ EFPY values shown in Table 3-3 and Figure 3-8. Some of the
large differences noted between the EOC-7B and previous cycle growth rates are
attributable to the uncertainties associated with measured bobbin voltages, which
are exaggerated since voltage differences used to compute EOC-7B growth rates
are multiphed by a factor as high as 4 to convert the growth rates to an EFPY
basis. Thus, the larger EFPY growth values for Cycle 7B in Table 3-3 and Figure
3-7, both positive and negative values, are likely to be overestimated. Since Cycle
7B growth rates are used in the SLB leak and burst projections for Cycle 8, the
projected values are considerably overestimated as discussed in Section 7.2.

Average growth rates for each SG during Cycle 7B are summarized in Table 3-4.
The average growth rates uver the entire voltage range vary between 38.9% and
78.0% (of the BOC voltage) per EFPY, between SGs, with an overall average of
63.4% per EFPY. The average growth for indications greater than or equal to 0.75
volts 1s 54.7% per EFPY and for indications less than 0.75 volts it is 70.0% per
EFPY. Steam generators B and C had the highest average voltage at BOC-7B
whereas SG-B had the largest average voltage growth during Cycle 7B. Steam
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generator D had the largest voltage growth rate during the last (DOC-7A)
inspection.

Averaged composite voltage growth data from all four steam generators for the last
three operating periods are summarized in Table 3-5. Also included in Table 3-5
are growth data from EOC-4 and E0OC-5 inspections, which are available only for
tubes plugged during those inspections. Table 3-6 lists top 30 indications on the
basis of Cycle 7B growth rates, in descending order. Eleven of those indications
were RPC confirmed and the remaining nineteen were not inspected. Nine of the
30 indications shown are new indications, and EOC-7A voltages used to estimate
growth rates for them were obtained by revaluating the last inspection data.

The guidelines in the Generic Letter 95-05 require the use of the more conservative
growth rate distributions from the past two inspections for projecting EOC
distributions for the next cycle. From Figure 3-8 it is evident that growth rates for
Cycle 7B are higher than those of Cycle 7A and, hence, Cycle 7B growth rates were
used to develop the EOC-8 predictions. Cycle 7B growth rates for SGs B and C are
slightly higher than the composite growth distribution and, per the methodology
described in Reference 8.2, SG-specific growth rates are to be used for SGs B and
C while the composite growth rates should be applied for SGs A and D. However,
the limiting growth rate for SG B was imposed on all four steam generators to
provide a conservative basis for predicting EOC-8 performance.

Separate voltage projections to EOC-7B are required for the hot and cold legs since
tube expansion to limit TSP displacement has been implemented only in the hot
leg. Table 3-2 shows average and maximum growth rates by TSP elevation
including the cold leg. It is seen that except one indication with 0.53 volt ; growth
all other growth rates for the cold leg below 0.15 volts. The cold leg results tend
to indicate lower growth rates than found for hot leg indications. It is therefore
very conservative to use the bounding growth rate (Cycle 7B distribution) for the
cold leg as well as the hot leg indications, and this conservatism is applied for the
EOC-8 analysis in Sections 6 and 7.

3.3 NDE Uncertainties

The NDE uncertainties applied for the Cycle 7B voltage distributions in the Monte
Carlo analyses for leak rate and burst probabilities are the same as those
previously reported in the Byron Unit-1 IPC report of Reference 8.7 and NRC GL
95-05 (Reference 8.4). They are presented in Table 3-7 as well as graphically
illustrated in Figure 3-9. The probe wear uncertainty has a standard deviation of
7.0 % about a mean of zero and has a cutoff at 15 % based on implementation of
the probe wear standard. The analyst variability uncertainty has a standard
deviation of 10.3% about a mean of zero with no cutoff. These NDE uncertainty
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distributions are included in the Monte Carlo analyses used to project the EOC-7B
voltage distributions.

3.4 Assessment of RPC Confirmation Rates

This section tracks the 1995 EOC-7A indications left in service at EOC-7B relative
to RPC inspection results in 1996 at EOC-7B. The composite results fu: all SGs
are given in Table 3-8. For 1995 bobbin indications left in service, the indications
are tracked relative to 1996 RPC confirmed, 1996 RPC NDD, 1996 bobbin
indications not RPC inspected and 1995 bobbin indications with no indication
found in 1996. Also included are new 1996 indications. The table shows, for each
category of indications, the number of indications RPC inspected and RPC
confirmed in 1996 as well as the percentage of RPC confirmed indications.

Of the 39 RPC NDD indications left in service at BOC-7B, 33 were RPC tested
during the EOC-7B inspection and only 9 were confirmed. This RPC confirmation
rate for prior RPC NDD indications (27.3%) is smaller than the 48.1% value found
during the last inspection. It has been recommended by industry that the largest
RPC NDD confirmation rates over the prior two cycles be used for projections.
Thus, it would be justifiable to include only 50% of the RPC NDD indications in
the BOC-8 voltage distribution used for EOC-8 projections, and leak rate and burst
probability analyses. However, 100% of RPC NDD indications reported in the
EOC-7B inspection are considered in the SLB leak rate and tube burst probability
analyses presented in this report for EOC-8 conditions.
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Table 3-2 (Sheet 1 of 2)
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Table 3-2 (Sheet 2 of 2)

Byron Unit-1 Aprii 1996
TSP ODSCC Indication Distributions for Tubes in Service During Cycle 7B
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07 | 091 36 0857 | 09438 65 0.739 0.951 70 0735 | 09402 21 0845 | 09487 192 0774 |
08 0975 33 0 889 09563 |8 0 790 0.968 95 0782 09582 19 0891 09638 255 0 R20
09 | o988 26 09147 | 09682 34 0809 0.981 50 0807 | 09673 16 09129 | 0975 126 | 0842
- 0992 | 18 | 09324 | 09775 s6 0841 | 0986 61 0837 | 09786 19 | 0936 | 09830 | 154 | 0870
[ 11 | o 14 | 09461 | 09850 2 0860 | 099 | 45 | 0859 | 09842 | 8 | 09465 | 09878 99 | 0888
12§ 09 [ 7 | 09529 | 09875 25 0874 | 0994 32| 0875 | 098% 9 09577 | 09910 | 73 | 0901
13 0997 7 09598 | € 9931 40 0897 0997 48 | 0899 | 09932 7 09664 | 09950 | 102 | 0919
14 0998 11 09706 | 09950 19 09078 | 0997 26 09115 | 09944 4 09714 | 09962 | 60 | 09297
15 0999 7 09775 | 69969 19 09187 | 0998 23 09229 | 09955 7 09801 | 09574 56 09397
Table continues on next page
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Table 3-3 (contd.)

Byron Unit-1 April 1996
Signai Growth Statistics For Cycle 7B on an EFPY Basis

Steam Generator A Steam Cenerator B Steam Generator C Steam Generator D Cumulative
Detes | €Y 7A Cycle 7B Cyele 7A Cycle 7B Cyele 7A Cycle 7B Cycle 74 Cycle 7B Cycle 7A Cycle 7B
Voits No. of No. of No of No. of No. of
CPDF O | CPDF | CPDF ob | CPDF | CPDF O | CPDF | CPDF ob | CPDF | CPOF s
16 | 099 1 09784 | 09969 17 | 09284 | 0999 18 | 09318 | 09955 2 09826 | 09976 R
17 | 1000 3 05814 | 09975 13 | 09359 | 0999 17 | 09402 | 09955 | 4 | 0987 | 09980 | 137
18 - 2 | 09833 | 09988 16 | 09450 | 0999 20 | 09501 | 09977 4 | 09925 ] 099% | 42
19 a 09873 | 09988 7 09490 ! 0999 | 15 109575 | 09977 | 1 | 09938 | 099% 27
2 2 09892 | 09988 13 | 09565 | 0999 10 | 09624 | 09989 0 09938 | 09992 25
21 1 09902 | 09994 10 | 09622 | 1000 7 09659 | 09989 0 09938 | 0999 | I8
[ 22 2 09922 | 09994 7 09662 | 1 09713 | 1000 2 09963 | 09998 22
| 23 3 09951 | 09994 9 09714 13 | o9 1 e 09963 | 09998 25
24 2 09971 | 09994 4 0.9737 7 09812 0 09963 | 09998 13
25 i 0 | 09971 | 1000 9 09788 4 09832 0 0993 | 1000 13
26 0 09971 4 09811 3 09847 0 093 | | 7
27 0 | 0991 1 09817 1 0.9852 1 069975 | | 3
28 | 1 | o990 | 6 0 9851 | 4 09871 j v lTooswe| | 12 |o9
| 29 | 0 0.9980 a 09874 | 1 0.9876 0 0 9988 . 5 | 09911
=R 0 0.9980 5 0.9903 5 09901 0 0988 | | 10 [0
11 | o | o990 2 09914 1 09906 1 o 09988 3
32 R 0 0.9980 3 09931 i 3 09921 | o | o9ms 6
13 0 09980 1 0.9937 2 0.9931 1 10000 | a
34 0 09980 | 0 09937 2 | 0991 0 i I
35 0 0 9980 0 | 09937 2 09951 0 1 2
36 0 0 9980 2 09948 2 09960 0 ] e ]
iR 0 09980 2 09960 0.9960 1 o - 2
4 - 0 0.9980 0 | 099%0 2 09970 ] o | I 1 2
(as ] 1 1 0 9990 3 09977 1 09975 | 0 i 5
57 0 099% 1 0.9983 1 09980 | o 2
ss | i 1.0000 0 09983 1 09985 | ) BN (S S
65 | o 1 09989 2 0.9995 ] I S
7 0 e 1 09994 0 0.9995 1 o i RN N
(7s)] | o 0 09994 | 1 10000 | K AR A X
s 0 1 1.0000 0 0 i
Total 1020 1746 2023 R04 5593

BYREPORT XLS Table 3-3{2) 8996 10 18 AM
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Table 3-4
Byron Unit -1 April 1996 Cutage
Average Voltage Growth During Cycle 7B

Average Volitage Growth Percent Growth
Voltage Number of Average Voltage

Range Indications BOC Entire Cycle Per EFPY " Entire Cycle Per EFPV -

Composite of Ail Steam Generator Data

0370

“ntire Voltage Range 5593 0.58 0.08" 15.2% | 63 4%
ool sl SR ... NPERONER.. ... ) ... WS ... . PRI i S
V soc < .75 Volts 4229 044 4 W 007 0.306 168% 70.0%

> 75 Volts 1364 i 04 0137 | osm | 130%

Steam Generator A

ntire Voltage Range ] . A (. [ A ... . WS L N R 389%

Ve < .75 Volts 779 043 0040 0168 9.4% 39 2%

> 75 Volts__ 2a1 | io0a | o009 | o2 | e3m% | mew

— —— e e ne=rEEs S E———

“ntire Voltage Range S . . O 041 1 169% __10.3%
V poc < 75 Volts 1498 045 0 086 355 19.3% 80 1%

_275Ves | sas | 103 | 0143 | 0597 _139% | 579%

intire Voltage Range 804 ) 053 | o602 | o7 | 9.9% | 410%

V e < 75 Volts e | 0w | oom | o | 1 | sosw

275vels I st | v | o009 | o020 |  63% | 26 3%

* Based on Cycle 7B duration of 87 7 EFPD (0 24 EFPY)

BYREPORT XLSTable-3-4R/9/961 0 18 AM
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Tabie 3-5
Byron Unit-1 April 1996
Average Voltage Growth for Cycle 7B
Composite of All Steam Generator Data

e ———— — e —— = = = = = =
Bobbin Vol ——— Average Volt Average Voltage Growth Average Percentage Growth
Range Indications BOC Entire Cycle Per EFPY Entire Cycle Per EFPY
Cycle 7B (12/95 - 4/96) - 87.7 EFPD
Entire Voltage Range 5593 058 0 089 0371 15.2% 63 4%
V poc < 75 Volts 4229 044 0073 0306 16 8% 70 1%
> 75 Volts 1364 1.04 0137 0571 13.1% 54 7%
Cycie 7A (1994 - 1995) - 317.4 EFPD
Entire Voltage Range 5005 049 0.204 0235 419% 48 3%
V poc < .75 Volts 4276 042 0189 0217 45 3% 52 1%
> 75 Volts 729 0.90 0298 0343 329% 37.9%
Cycle 6 (1993 - 1994) - 466.5 EFPD
Entire Voltage Range 2851 047 0320 0251 68.1% 53 3%
V poc < 75 Volts 2377 037 035 0274 4 6% 74.1%
> 75 Volts 474 099 0180 0141 18 2% 14.2%
Cycle 5 (1991 - 1993) - 411.6 EFPD (Plugged Tubes Only)
Entire Voltage Range 532 | 046 | o310 0275 |  674% 59 8%
Cycle 4 (1990 - 1991) - 463.9 EFPD (Plugged Tubes Oniy)
Enure Voltage Range sso | 032 | 020 | 0205 | 813% 64.0%

BYREPORT X1LSTable 3.S5I8%9910 1% AM



Table 3-6
Byron Unit-1 April 1996
Summary of Largest Voltage Growth Rates for BOC-7B to EOC-7B

Bobbin Voltage

EOC-7B | BOC-7B | Growth

noeaNaONNATIIENAE>EEAEA> ANNTE N @

*N I = Not inspected

GROWTH XLS Tables-6 2496 12 34 PM 3.14




Table 3-7
Probe Wear and Analyst Variability - Tabulated Values

Probe Wear Vanabilit
Std. Dev = 70%  Mean = 0.0%
Cutoff at +/- 15%

Cumul. Prob.

td. Dev = 10.3% Mean = 0.0%
No Cutoff

0.01606

-14.0% 0.02275
-13.0% 0.03165
-12.0% 0.04324
-11.0% 0.05804
-10.0% 0.07656
9.0% 0.09927
. -8.0% 0.12655
0.01634 -7.0% 0.15866
0.02608 6.0% 0.19568
0.04027 -5.0% 0.23753
0.06016 -4.0% 0.28385
0.08704 -3.0% 0.33412
0.12200 -2.0% 0.38755
0.16581 -1.0% 0.44320
0.21867 0.0% 0.50000
0.28011 1.0% 0.55680
0.34888 2.0% 0.61245
0.42302 3.0% 0.66588
0.50000 4.0% 0.71615
0.57698 5.0% 0.76247
0.65112 6.0% 0.80432
0.71989 7.0% 0.84134
0.78133 8.0% 0.87345
0.83419 9.0% 0.90073
0.87800 10.0% 0.92344
0.91296 11.0% 0.94196
0.93984 12.0% 0.95676
0.95973 13.0% 0.96835
0.97392 14.0% 097725
0.98366 15.0% 0.98394

0.99¢10

0.99420

0.99672

0.99821

0.99905

0.99952

0.99976

0.99989

0.99995

BOBNRPC XLS Table 3-7 8/5/96 4:04 PM
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Table 3-8
Byron Unit-1
Analysis of RPC Data from 1995 and 1996 inspections
Combined Data from All Four Steam Generators

91-€

CAETAPOD XL Tgble 3 WMAN 30 PV

Tota! Total Total Total | Percent
' 1 1996 1996 1996 1996
Gooup o Infiuations B::n Bobbin | RPC RPC RPC
Indication | Indication | Inspected | Confirmed | Confirmed
Less than or Equal to 1.0 Voit in 1996
‘G5 Bobbin Left in Service 3589 3165 32 10 313
‘95 RPC Confirmed 8 8 2 1 50.0
‘9SRPC NDD 32 32 30 9 300
95 RPC Not Inspected 3128 3125 0 0
No '96 Bobbin ¢ 424
New '96 Indication 1630 55 19 345
Sum of All "96 Indication 3589 4795 87 29 33.3
Greater than 1.0 Volt in 1986
‘95 Bobbin Left in Service 885 863 196 186 849
‘95 RPC Confirmed 106 1086 63 61 9% 8
'85RPC NDD 7 7 3 4] 00
95 RPC Not Inspected 756 756 130 125 96.2
- No 96 Bobbin * 16
New ‘96 Indication 55 8 5 625
Sum of All '96 Indication 885 924 204 191 936
A Voltages in 1996
‘9% Qobbin Left in Service 4474 4034 228 196 86.0
‘95 RPC Confirmed 114 114 65 62 954
‘95RPC NDD 39 39 33 9 273
‘95 RPC Not Inspected 3881 3881 130 125 962
No '96 Bobbin * 440
New ‘9§ Indication 1685 63 24 381
Sum of All "96 Indication 4474 5719 291 220 756

" Indications split is based on '95 bobbin voltage
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Figure 3-3
Byron Unit -1 April 1996 Outage
Bobbin Voltage Distributions at EOC-7B for Tubes in Service During Cycle 7B
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Figure 34
Byron Unit -1 Apri! 1996 Outage

Bobbin Voltage Distribution for Tubes Plugged After Cycle 7B Service
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Figure 3-6
Byron Unit-1 April 1996
ODSCC Axial Distributions for Tubes in Service During Cycle 7B
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Figure 3.7
Byron Unit -1 Cycle 7B ( December 1995 to April 1996 )

Cumulative Probability Distributions for Voltage Growth on an EFPY Basis
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Figure 3-8
Comparison of Byron-1 Growth Rates

Cumulative Probability Distributions on EFPY Basis
Composite of All Four Steam Generators
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4.0 Database Applied for IPC Carrelations

The database used for the IPC correlations that are applied in the analyses of this
report is an updated version of the IPC database described in Reference 8.3. Model
Boiler specimen 598-1 is excluded from the IPC database based on application of
EPRI data exclusion criterion for very high voltage indications and concurrence by
the NRC. Byron-1 and Braidwood-1 pulled tube indications R16C42, TSP 5 (0.28
volt) and R20C7, TSP 7 (0.38 volt), respectively, are excluded from the correlation
based on EPRI data exclusion criterion 2a accepted by the NRC. Criterion 2a
excludes indications with burst pressures high on the voltage correlation if the
maximum crack depth is less than 60% and there are less than 2 remaining
uncorroded ligaments. Plant S pulled tube indication R28C41 is included in the
leak rate correlation at a SLB leak rate of 2496 lph consistent with NRC
recommendations.

South Texas pulled tube data from 1993 and 1995 inspections are also included in
the IPC database. The updated database is in compliance with NRC guidelines for
apphication of leak rate vs. voltage correlations and for removal of data outliers in
the 3/4 inch tubing burst and leak rate correlations. The updated IPC database
for 3/4" tubes 1s documented in Reference 8.9 and that database was used to
perform the SLB leak rate and tube burst probability analyses reported here. The
same database was also applied for EOC-7A analyses reported in Reference 8.5.

s \apc \caed6 \EOCTBI0D wph 4-1




5.0 SLB Analysis Methods

Monte Carlo analyses are used to calculate the SLB leak rates and tube burst
probabilities for both actual EOC-7B and projected EOC-8 voltage distributions.
The Monte Carlo analyses account for parameter uncertainty and they are
consistent with the Byron Unit-1 SER. The analysis methodology is described in
Braidwood-1 document Reference 8-1 as well as in the Westinghouse generic
methods report of Reference 8.-2.

In general, Monte Carlo analyses include POD adjustments, voltage growth and
NDE uncertainties in the projected analyses for the next operating cycle while only
NDE uncertainties are included in the analyses based on the actual measured
voltage distribution (for the cycle just completed). 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 the locked
TSP condition. With TSPs locked (by tube expansion), indications in the hot les
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 analyses
for the hot leg indications include indications restrained from burst (IRBs) based
on a 6.0 gpm leak rate for IRBs. Leak rates for cold leg indications are calculated
using the methods of GL 95-05 (Reference 8.4) and Reference 8.2. Leak rates and
PoB calculated using the actual voltage distributions are compared with the
corresponding prior projections for EOC-7B.

s \apc cae96 \EOCTBO0d wpb 5-1




6.0 Bobbin Voltage Distributions

This section describes salient input data used to calculate EOC bobbin voltage
distributions and presents the results of calculations to project EOC-7B voltage
distributions. Also, EOC-7B voltage distributions projected based on the EOC-7A
ispection bobbin voltage data are compared with the actual bobbin distributions
from the current inspection

6.1 Calculation of Voltage Distributions

The analysis for EOC voltage distribution starts with a cvele mmitial voltage
distribution which is projected to the end of cycle conditions based on the growth
rate and the anticipated cycle operating period. The number of indications
assumed in the analysis to project EOC voltage distributions, and to perform tube
leak rate and burst probability analyses, is obtained by adjusting the number of
reported indications to account for detection uncertainty and birth of new
indications over the projection period. This is accomplished by using a Probability
of Detection (POD) factor, which is defined as the ratio of the actual number of
indications detected to total number of indications present. A conservative value
18 assigned to POD based on historic data, and the value used herein is discussed
in Section 6-2. The calculation of projected bobbin voltage frequency distribution
1s based on a net total number of indications returned to service, defined as
f‘('”‘i“‘ﬁ

where,

Number of bobbin indications being returned to service for the
next cycle

Number of bobbin indications (in tubes in service) identified
after the previous cycle

Probability of detection

Number of N, which are repaired (plugged) after the last cycle
Number of N, which are deplugged after the last cycle and are
returned to service in accordance with IPC applicability

There are no deplugged tubes returned to service at BOC-7B

The methodology used in the projection of bobbin voltage frequency predictions is
described in Reference 8-2, and it is same as that used in performing similar
predictions during the last (EOC-7A) inspection (Reference 8.5). Salient input data
used for projecting EOC-7B bobbin voltage frequency are further discussed below

ae96 \EOCTB90d wpb




6.2 Probability of Detection (POD)

The Generic Letter 95-05 (Reference 8-4) requires the application of a constant
POD value of 0.6 to define the BOC distribution for the EOC voltage projections,
uniess an alternate POD is approved by the NRC. A POD value of 1.0 represents
the ideal situation where all indications are detected; a voltage-dependent POD
may provide a more accurate prediction of voltage distributions consistent with
IPC/APC experience. In addition to a constant POD of 0.6, a voltage-dependent
POD developed for EPRI is also used. The EPRI POD is based on expert opinion
and multiple analyst's evaluation for plants with 3/4" diameter tubes, and it
represents the lower 95% coafidence bound. This POD distribution is graphically
illustrated in Figure 6-1

6.3 Limiting Growth Rate Distribution

As discussed in Section 3.2, the NRC guidelines in Generic Letter 95-05 stipulate
that the more conservative growth rate distributions from the past two Inspections
should be utilized for projecting EOC distributions for the next cycle. Since it is
evident from Figure 3-8 that growth rates for Cycle 7B on an EFPY basis are
nigher than those of Cycles 7A or 6, Cycle 7B growth rate distribution is used to
develop the EOC-7B predictions. The actual growth distribution used for EOC-8
projections is the SG B growth distribution which has the highest average growth
rate among the four SGs during Cycle 7B as well as the indication with the largest
voltage growth. As noted in Section 3.2, larger positive and negative values in the
growth/EFPY distribution are likely to be overestimated since they were obtained
by multiplying the actual growth observed during Cycle 7B by a factor of about 4
and as the negative values in the growth distribution used for next cycele
projections are set to zero the average growth rate used for EOC-8 projections is
very conservative

The same conservative growth distribution was imposed on all four steam
generators to provide a conservative basis for predicting EOC-8 performance. In
addition, as discussed in Section 3.2, it is conservative to apply the same
conservative growth rate distribution for the cold leg indications

6.4 Cyde Operating Period

The operating periods used in the growth rate/EFPY calculations and voltage
projections are shown on the next page

apc \caed6 \EOCTB0d wpt 6O




Cycle 7B - MOC-7 to EOC-7 - 87.7 EFPD or 0.24 EFPY (actual)
Cycle8 - BOC-8to EOC-8 -493.1 EFPD or 1.35 EFPY (estimated)

65 Proected EOC-8 Voltage Distribution

Calculation of the predicted EOC-8 bobbin voltage distributions was performed for
all four SGs based on the EOC-7B distributions shown in Table 6-1. The bobbin
voltage distributions are shown separately for hot leg and cold leg indications in
Table 6-1 since tube burst analyses need only be performed for the cold leg
indications (locked TSPs constrain rupture of hot leg indications). The BOC
distributions were adjusted to account for probability of detection as described
above, and the adjusted number of indications at BOC-8 are also shown in Table
6-1. Calculations were performed using a constant POD of 0.6 as well as the EPRI
POD distribution. The highest growth rates observed among the four SGs in last
two cycles operation, which are the EOC-7B SG B growth rates shown in Table 3-3.
were used. The IPC voltage distributions projected for EOC-8 for all four SGs are
summarized on Table 6-2. These results are also shown graphically on Figures 6-2
to 6-5. Only 31 indications were found on the cold leg side for all four SGs
combined during the EOC-7B inspection, three of them were removed from service
due to tube repairs, and the total at EOC-8 is projected to be about 49 for a POD
of 0.6. The results for the cold leg indications are shown separately in Table 6-2,
but they are combined with the hot leg results in Figures 6-2 to 6-5 because of the
relatively smaller population of cold leg indications. The results based on a
constant POD of 0.6 are more conservative than those using the voltage-dependent
EPRI POD

The predicted EOC-8 voltage distributions have a long tail which is a result of the
long tail in the Cycle 7B growth distribution used in the projections. The peak
voltages predicted for EOC-8 are more than 250% of those measured the during
EOC-7B inspection and it is due to the longer operating cycle with associated
conservatism in the EOC-7B growth rates used. Actual peak voltages at EQOC-8
may be expected to be significantly below the projections shown here

6.6 Comparison of Actual and Projected EOC-7B Voltage Distributions

Table 6-3, and Figures 6-6 and 6-7 provide a comparison of the EOC-7B actual
measured bobbin voltage distributions with the corresponding projections
performed using the last (EOC-7A) inspection bobbin voltage data. EOC-7B
projections based on a constant POD of 0.6 as well as the voltage-dependent EPRI
POD are shown. As reported in Reference 8-5 at BOC-7B. SG-B was projected to
be the limiting SG and it was confirmed to have the largest indication measured
in the EOC-7B inspection. The actual peak voltage for SG B was found to be about

apc \caed6 EOCTHYd wph




0.5 volts higher than projected value

A comparison of the actual and projected voltage distributions in Figures 6-6 and
6-7 show that in general the indication population above 0.6 volts is substantially
overestimated in the projections based on a constant POD of 0.6. This POD value
1s conservative for voltages above about 1 volt but non-conservative below 1 volt
The voltage-dependent EPRI POD shows a much better agreement with the actual
measured distribution, although the projected distribution is still conservative

6.7 Probe Wear Criteria

An alternate probe wear criteria discussed in Reference 8.7 was applied during the
EOC-7B inspection. When a probe does not pass the 15% wear limit, this alternate
criteria requires that all tubes with indications above 75% of the repair limit since
the last successful probe wear check be reinspected with a good probe. Although
the repair limit for hot leg indications is 3 volts, all indications for which worn
probe voltage was above 0.75 volt were inspected with a new probe. An evaluation
of worn probe and new probe data is presented in the following paragraphs

In accordance with the guidance provided in Reference 8.7, voltages measured with
a worn probe and a new probe at the same location were analyzed to ensure that
the voltages measured with worn probes are within 75% of the new probe voltages
Figures 6-8 and 6-9 show plots of the worn probe voltages plotted against the new
probe voltages for all four SGs. These figures show a consistent relationship
between the iwo voltages for all four SGs. Composite data from all four SGs are
plotted in Figure 6-10. Also shown in Figure 6-10 as a solid line is a linear
regression for the data, dashed lines representing tolerance limits that bound 90%
of the population at 95% confidence, and chained lines representing +25% band for
the new probe voltages. The mean regression line shows a slight bias for the
average worn probe voltages to be higher than the new probe voltages. In
addition, more data points are above (high worn probe volts) the 90%/95%
tolerance band than below (low worn probe volts) the tolerance band. The results
show that use of the worn probe volts would be conservative compared to use of the
new probe volts for leak and burst analyses

Only five indications are significantly below the chained line representing 75% of
the new probe voltage while a relatively large number of indications have worn
probe voltages above 75% of the new probe volts. There are no occurrences for
which a worn probe was less than 2.25 volts and the new probe voltage exceeded
the plugging limit, ie., no pluggable tubes were missed due to probe wear
considerations. There is only one indication (at 1.3 volts new, 0.7 volt worn. at
R45C74-05H in SG C) which could have been considered below the repair limit
based on worn probe response while potentially pluggable for the 1 volt cold leg
repair criteria. This was a hot leg indication and all voltages were well below the

2e96 EOCTB9%d w ph




3.0 volt repair imit. The worn probe would have identified 6 indications as being
above 1 volt that had a new probe voltage below 1 volt

Overall, 1t 1s concluded that the criteria to retest tubes with worn probe voltages
above 75% of the repair limit 1s adequate and moderaielv conservative due to the
average trend for worn probe voits to exceed new prc be voltages

Comparison of the actual and projected EOC-7B voltages presented in Section 6-6
does not show anything unusual attributable to the alternate probe wear criteria
The projected voltages are conservative, which is attributable to conservatism in
the growth rates and the POD value (0.6). In summary, the alternate probe wear
criteria used in the EOC-7B inspection is consistent with the NRC guidance
provided in Reference 8.7




Table § - 1 (Sheet 1 of 2)
Byron Unit-1 April 1896
Actuai EOC-7B and Assumed BOC-8 Voltage Distributions
Used in SLS Leak Rate an' Tube Burst Probability Analyses
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Table 6 - 1 (Sheet 2 of 2)
Byron Unit-1 November 1995
Actual EOC-7A and Assumed BOC-7B Voltage Distributions
Used in SLB Leak Rate and Tube Burst Probabitity Analyses

Steam Generator C Steam Generator D
Voltage EOC-78 BOC-8 EOC-78 BOC#
8in I service Repaired POD = 0.6 EPRI POD In service Repaired POD = 0.6 EPRI POD
Hat | Cold | Hot | Cold | Hot | Cold | Hot | Cold [ Mot | Cold | Hot | Cold | Mot | Coid | Hot | Coid
Side | Side | Side | Side | Side | Side | Side | Side | Side | Side | Side | Side | Side | Side | Side | Side
01 0 0 0 0 000 | 000 | 000 | 000 0 0 0 0 000 | 000 | 000 | 000
02 | » 0 1 0 | 5400 | 000 | 10213 | 000 38 1 L ) 6233 | 167 | 11775 | 320
03 | w1 | o | s | 0 | 28000 | 000 | 39267 | 000 137 ‘ 1 1 2733 | 567 | 31761 | 9870
| 04 | 255 2 17 0 41800 | 333 | 46522 | 420 179 0 - 0 28933 | 000 | 32248 | 179
0 275 0 7 0 45133 | 000 | 46175 | 000 141 1 4« | o 23100 | 1o7 | 23634 | 000
| 08 2 | o | 7 0 45967 | 000 | 43511 | 000 97 0 “ 0 15767 | 000 | 14916 | 000
o7 230 1 12 1 37133 | 067 | 32624 | 050 62 0 6 0 9733 | 000 | 8518 | 000
08 | 204 | 0o | 8 0 33200 | 000 | 27145 | 000 45 0 4 0 7100 | 000 | 5764 | 000 |
08 118 |0 [ 2 0 19633 | 000 | 15056 | 000 | 28 o | & 0 | 7.3 | 000 | 3318 | 000 |
1t 1w | 1+ | s o 16167 | 167 | 11808 | 123 35 o | 2 0 5633 | 000 | 4108 | 000
11 1 8 | o 2 0 14633 | 000 | 10333 | 000 3 | o 1 0 | 5067 | 000 | 3568 | 000
12 57 0 1 0 9400 | 000 | 639 | 000 4 |0 | o 0 | 2333 | 000 | 1585 | 000 |
13 & | o [ 1 1o 10900 | 167 | 7153 | 109 B | 0o | o 0 2167 | 000 | 1429 | 000
EE 1 0 6567 | 000 | 4229 | 000 5 | o | o | o 833 | 000 | 541 000 |
15 | 3 | o 0o | o 5667 | 000 | 3625 | 000 | & | o 0 0 | 1000 | 000 | 640 | 000
16 18 0 0 0 3167 | 000 | 1996 | 000 8 0 2 0 1133 | 000 | 640 | 000
17 “ | o o | o 2333 | 000 | 1448 | 000 . 0 3 0 367 | 000 | 114 | 000
18 | 8 | o | 3 0 1200 | 000 | 618 | 000 « 0o | 2 0 467 | 000 | 208 | 000 |
B A 2 0 1633 | 000 | 921 0.00 0 0 2 0 467 | 000 | 208 | 000
2 0 2 0 467 | 000 | 207 | 000 3 0 2 0 300 | 000 105 | 000
21 6 0 3 0 700 000 308 000 (] 0 4 0 167 0.00 102 000
22 1 s [ o [ o [ o | 500 | 000 [304 | 000 | 1 LI ) 0 | o000 [ 000 | oo | 000 |
23 | 0 2 0 800 | 000 | 407 | 000 | 0 | 0 0 0 000 | 000 | 000 | 000
24 5 o | & | o 43 000 | 210 000 0 0 0 0 067 000 | o001 000
25 i 0 o | o | 17 | o 100 | 000 2 0 2 | o0 | o067 | 000 | 000 | 000 |
| 26 | 1 0 o 1o 500 | 000 | 000 | 000 0 0 o | o 000 | 000 | 000 | 000
27 | v 1 ¢ 1o 0 167 | 000 | 302 | 000 0 0 0o | o 000 | 000 | 00C | 000 |
28 | 2 | o | o | o 000 | 000 | 006 | 000 f o0 | o | © | 0 | 000 | 000 | 000 | 000 |
31 0 o | o | o 000 | 000 | 000 | 000 1 0 | 1 | o | €67 | 000 | 000 | 000
33 | o o | o | © 000 | 000 | 000 | 000 0 | o | o | o | 000 | 000 | 000 | 000
L B I 9 1.2 ’ M 1 8B |8 | % S 3 9 t s 1S WS W . .
35 0 0 | o 6 | 000 | 000 | 000 | 000 0 0 | e | o 000 | 000 | 000 | 000
45 0 0 0 0 000 | 000 | 000 | 000 0 0 [ 000 | 000 | 000 | 000
Total | 2035 5 75 1 | 331667 | 734 |310878| 702 859 6 50 1 138167 | 900 | 145192 | 1469
>1v | 2368 1 21 0 59234 | 167 | 38557 | 109 % 0 15 0 14500 0 9151 0
>3V 0 0 0 0 0 0 0 0 1 0 1 0 067 0 000 0

BORNRI 0T Tehien | AR S



Table 6 - 2 (Sheet 1 of 4)
Byron Unit-1 April 1996
Voltage Distribution Projection for EOC - 8

1
Steam Generstor A | Steam Generator B

| EPRI POD
; POD 08
___.#,.

|
!

T
| |
| |
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| I |
Hotley | Cold Leg | Mok Leg | Colieg |
| 1

Projectsd Number of indications at EOC - 8

229 0.00 144 | 000
34 67 068 1599 016
83 36 1.80 8522 155
99 58 244 117.08 200
108 11 188 149.78 112
111,85 148 17277 1.32
1127 138 | 18318 148
106 15 1.26 180 56 118
98 40 105 | 17516 1.10
8% 58 092 168 07 1.09
80 .06 077 157 28 089
7267 066 14526 076
86 30 0861 134 28 073
58 80 057 122 64 065
52 26 047 111.14 050
46 e 040 100 44 048
412 037 89 65 043
3613 030 | 79936 033
32 48 027 7034 | 030
29 54 026 | €313 0.31
2611 025 | 8870 0.27
2293 020 | s081 | 021
2028 017 45 16 019
17 .85 01§ 40 14 018
1576 013 35 58 015
14 15 012 | 3175 014
1280 011 28 50 013
1113 010 25 43 011
1017 007 22 80 010
941 000 | 2072 0.06
855 0.00 18 84 0.00
778 1713 0.00
718 0.00 1565 .00
6 46 14.24 0.00
591 000 12.80 070
558 000 1185 000
504 0.00 1091 000
429 0.00 982 000
378 | 000 868 0.00
387 000 782
342 C 7.19
3 | 676
314 | 644
286 608
260 | | 556
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187 | 382
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Table continues on Sheet 2
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Voltage Distribution Projection for EOC - 8

Table 6 - 2 (Sheet 2 of 4)
Byron Unit-1 April 1956

Steam Generator A Steam Generator B
POD EPRI POD EPR)
Voltage 08 POD 06 POD
Bin Motleg | Coliieg | Motley | Coldiey | Motley | Coldleg | Hotley | GCold Leg
Projected Number of Indications at EOC - 8
61 0.38 0.4 078 | 061 %
62 036 0.33 0.71 0.58
63 0.34 0.31 0.66 0.55
64 0.31 028 061 0.51
65 0.28 - 0.25 0.56 046
66 0.25 0.22 1 o% 0.41
87 022 0.20 045 0.37
68 0.20 0.18 0.40 0.33
69 019 017 0.37 0.30
70 017 0.15 0.33 0.28
71 0.15 0.13 030 0.25
72 013 011 0.27 .21
723 011 0.10 0.23 0.18
74 010 0.08 0.20 0.16
75 009 0.07 017 013
76 008 0.06 015 012
77 0.07 0.06 014 0.11
78 006 0.08 012 0.10
79 C 06 0.05 0.11 0.08
80 006 0.05 t11 0.09
81 005 0.05 0.10 0.09
82 0.05 0.05 0.10 0.08
83 0.05 0.05 0.09 0.08
B4 0.05 005 0.08 0.08
85 0.05 0.05 0.09 0.08
86 0.05 0.05 0.08 0.08
87 0.05 0.05 0.09 0.08
88 0.05 0.05 0.09 0.08
89 0.05 0.05 0.08 0.08 o
9.0 0.05 0.05 0.08 0.08 )
81 0.06 0.06 0.10 0.10
92 0.07 0.08 011 012
83 0.09 0.09 0.14 014
04 0.10 0.11 016 0.16
95 011 011 018 0.18
06 012 012 016 0.18
07 012 0.12 0.20 0.20
98 011 0.11 0.20 019
99 011 010 0.19 018
100 0.10 0.07 018 016
10.1 007 0.00 017 015
10.2 0.00 0.00 0.16 014
103 0.00 0.00 0.15 013 “
104 0.00 0.00 0.14 013 -
[ 105 0.00 0.70 014 013
106 070 000 014 0.07
107 0.00 0.00 0.13 0.00
| 108 0.00 0.00 0.01 0.00
110 000 0.00 0.00 0.70
1.1 0.30 0.30 0.70 0.00
13 0.00 0.30
115 0.30
TOTAL | 1618.01 15.01 1612.23 19.88 2666.01 19.01 2671.21 2364
>1v | 85220 551 766.98 6.98 1636 79 791 1306 51 918
»>3v | 10387 1.00 93.24 1.00 205.31 1.00 170.77 114

WVE7 01 PMPREDCOMP XLETetw 6.2 (20f )
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Table 6 - 2 (Sheet 3 of 4)
Byron Jnit-1 April 1996
Voltage Distribution Projection for EOC - 8

Steam Generator C Steam Generator D

|
|
|
i i + .
POD EPRI | POD | EPR)
0.8 POD [ 06 ! POD

i |

e — : . 1 1
| Motieg | Coldieg mu‘i ColdLeg | Hotleg

] '

' Cold Leg

|
i -

Projected Number of Indications at EOC - 8

130 | 000 079 l 0.00 1.50
35 34 000 2126 | 047 37.28

156 47 0.86 9272 068 110.58
184 54 0.37 90 44 A 106 63
205.26 029 0477 072 105 .81
210 34 038 91.61 0.58 | 9854
20379 0.356 .22 050 81 61
182 67 03 8 43 048 84 58
17879 0.37 76 24 037 76.8¢
163 81 034 6617 031 68.21
149 80 0.31 62.33 029 61.33
138 01 033 §7 12 1 0.30 5612

-
I
113.20 018 | 6658 1.45 ! uzw{‘
*
4
1
|
'

124 44 0.35 5152 0.21 | 4870
1137 028 4574 0.20 4366
100 15 025 40 91 0.19 38 97
88 57 024 38 24 014 33 98
77 68 019 3162 012 2033
68 95 016 | 2814 012 26 3¢
6212 016 2583 011 24 36
5531 | 015 2324 0.00 2187
4%.05 012 20 40 0.00 18 87
4354 003 1788 000 18 52
851 | 0.0¢ 16 74 0.00 14 49
3407 0.00 13.91 0.00 1283
30 41 0.00 1252 0.70 1163
27 19 0.00 11.28 0.00 10 44
2400 0.70 08 000 | 92
2184 0.00 900 0.00 8 46
1999 000 634 0.00 790
18.21 0.00 767 0.00 7.28
16 56 000 895 0.00 658
1518 0.00 635 0.00 €04
1377 0.00 575 0.00 542
1249 0.00 §.20 030 496
1165 489 474
10.62 452 | 430
536 290 359
822 332 306
756 1 307 204
705 2909 203
660 | 283 29
641 | 283 279
595 258 249
£47 226 220
491 200 | 189
422 169 153
354 138 1 122
205 113 097
245 095 081
207 0.82 071
182 075 067
167 0.71 065
152 065 061
136 057 0.52
1.21 049 0 44
106 042 038
093 038 0.35
0.83 035 0.32

076 033g___ 0.3

Tabie continues on Sheet 4

s o SU S S ——
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Table 6 -2 (Sheet 4 of 4)
Byron Unit-1 April 1996
Voitage Distribution Projection for EOC - 8

| Steam G« rator C Steam Generator D
POD EPR POD EPRI
Vohage 0e POD 06 POD
B | Wotieg | Coldiep | Motieg | Cokileg | Hotleg | Coldlep | Motlep | Coldieg
Projected Number of Indications at EOC - 8
61 | 084 ~o7 (] ) -
62 076 068 0.20 0.26 o
63 074 064 | 028 1 o2
64 068 - 058 0.2% - 024
65 062 0.53 022 0.21
66 0 56 047 018 018
67 0.50 042 017 016
68 048 | 0.38 0.16 0.16
66 041 | 0.35 0.15 | o1
70 | o3 0.32 n14 I CEE
71 ] 03 0.28 012 B 011 .
12 0.30 | o2 | 010 0.09
73 | o2 | 0.21 008 007
74 022 018 0.07 0.06
786 018 016 0.06 0.06
76 RE L 014 0.06 0.05
77 018 . 013 0.08 0.08
78 014 | 012 0.08 o.us
796 013 011 0.0 0.0
80 012 010 004 0.04
81 0.11 0.10 004 0.0e
|82 01 010 004 0.04
83 0.11 008 006 004 S
| 84 | 010 008 . 004 0.04 !
[ 85 0.10 0.08 0.04 0.04
66 0.10 0.08 0.0e 004
87 010 dorio 0.08 304 004
68 0.10 000 004 0.04
80 0.10 0.08 004 004
6.0 0.10 008 0.04 0.05 o
81 0.11 0.11 0.05 0.06
02 013 | 014 0.07 0.08
83 016 0.16 0.08 008
64 018 0.18 0.08 0.10
86 | o020 0.21 0.10 011 :
96 0.22 0.22 0.10 0.11 Ty
87 0.23 0.23 0.10 0.11 N
08 0.23 0.22 0.10 0.08
(1] 022 | 0.21 0.02 0.00
10.0 021 018 0.00 0.00
[ 101 | o020 | 1 o1 0.00 | 000
102 0.18 016 0.00 0.00 =]
103 08 | 0.16 0.00 0.70 e
104 017 018 070 0.00 -
[ 108 0.16 (XTI 0.00 000 | 3
106 016 014 0.00 oo |
107 0.15 0.11 0.00 0.00
108 018 1 o000 0.00 0.00 A
_108 o0t | 0.00 0.00 0.30 P
110 | o000 0.70 0.30 o "
1.2 0.70 0.00
14 0.00 0.30 )
116 J.30 X
T0TAL | 331667 7.33 3108 75 7.02 1381 67 .00 1451 83 14 67
>1v | 180515 465 1626 33 391 673 42 299 642.25 476
>av | 23276 0.30 18735 0.30 82 52 0.30 78 16 1.00

AT 1T PMPREDCOME LY et B0 (4oM
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Table 6-3
Byron Unit-1 April 1996
Comparison of Preaicted and Actual EOC-7B Volitage Distributions

Steam Generator A Steam Generator B Stoam Generator C Steam Generator D
Vonage | EOCT® Prediction | EOC.T8 | EOCTB Prediction | EOCTE | EOCTE Predictien | EOCTB | EOCTB Prediction | EOC.TH
N :: el [PHRS oy et P e At | venoas | wmrce | *™
Number of Indications
0 004 008 1 006 | 010 2 000 017 0 004 009 0
[ 02 387 | 684 | 36 684 | 1014 | 25 780 | 1434 | 33 524 1084 % |
03 3121 | 4503 | 1256 | 6006 | 8487 | 135 | 5086 | 7308 | 171 | 4580 | €687 | 141
04 | 10187 | 12612 | 180 | 17641 | 21667 | 235 | ta6ee | 17835 | 267 | 12281 | 18737 | 178
065 | 17426 | 10190 146 | 27586 | 30422 | 252 | 26778 | 20103 | 276 | 16040 | 19241 | 142
06 | 20506 | 20826 | 127 | 32114 | 32613 | 246 | 34515 | 34600 | 280 | 17467 | 17875 | &7
07 | 19450 | 18390 | 110 | 33011 | 31061 | 222 | 34696 | 33096 | 231 | 16002 | 15181 | €2 |
08 | 16395 | 14594 | 74 | 30469 | 26950 | 146 | 81706 | 28135] 204 | 13335 | 11686 | a5
00 | 13426 [ 11137 67 | 26695 | 21386 | 100 | 26582 | 22247 | 118 | 10462 | 84ee 26
10 | w724 | s3ee | a2 20214 | 15648 | 95 | 21207 | 16681 101 | 8024 8070 35
11 | s2ee | 6126 | 32 15368 | 11465 | 80 16606 | 12547 | 89 60 81 4366 31
12 | 6280 | #4475 | 24 | 11300 | 7984 | 48 12731 | 8247 | 87 4564 3139 14
13 | «77v | 8213 | 20 8177 | 8506 | 68 9599 | 6741 | 66 33 96 22 66 13
[ 14 | 3826 | 2083 | 18 5787 | 3697 | 31 7122 | 4852 | 41 2524 638 5
15 2640 | 1663 | 12 41858 | 2510 | 18 5160 | 3430 | 24 18 86 1188 ¢
18 1806 | 1163 | 7 3016 | 1770 | 20 3648 | 2360 | 19 1419 56 8 |
17 1206 | 822 7 2270 | 1302 | 13 2639 | 1607 | 14 10 84 641 ‘
[ e 947 564 4 1732 | w00 | 7 1767 | 1088 | ® 840 a9 ‘
[ 19 698 43 6 13 64 783 7 12.22 7.50 1" 649 380 4
20 513 320 1 1068 | 622 2 863 526 P 495 293 3
21 380 | 237 2 B4 96 | 4 625 3es | & a7e 221 0
22 27 176 1 660 304 6 464 284 3 287 160 1
23 208 132 s 518 310 2 3564 216 6 221 130 0
[ 24 154 100 | o 408 | 244 1 278 171 5 178 106 0
28 114 078 0 320 190 7 225 137 1 144 084 2
26 | oes 056 0 254 187 2 185 118 1 122 o7 0
27 068 | 069 0 210 134 1 168 104 1 110 066 0
28 085 083 1 188 191 0 148 102 | # 11 077 0
29 065 058 0 174 123 0 138 104 106 070 0
[ 30 060 oat | 0 148 106 0 127 087 09 087 0
3 080 | 037 ) 124 | o0 1 106 | o7 076 oa7 1
“32 o | o0 | o 106 | 071 0 o84 | 0861 062 031 |
¥ 033 030 ) 078 | 083 ) 064 045 047 070
Y 004 | 0 060 027 1 048 008 031 030
35 | o0 | 1 043 070 1 021 070 0.00
[ 36 000 000 000 0.00 000 070
37 | 000 000 | 000 070 | 030 000
38 €00 070 030 000 000 =
oY) 030 0.00 0.30 030 o
| 40 - 030 X
45 1
Total 1440 37 132593 | 102300 2516 90 2287 86 | 179100 2607 37 2361 11 | 2040 00 1245 68 116827 865

* Bin with the largest indication found In the steam ge nerator

PREDCOMP KLE MREDCONS X0 W8 ¢ 70 P
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Figure 6-6
Byren Unit-1

Comparison of Predicted and Actual Bobbin Voltage Distributions for Cycle 7B
Combined Data for Hot and Cold Leg Indications

Steam Generator A

2%
m —
O Actual
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Figure 6-7
Byron Unit-1
Comparison of Fredicted and Actual Bobbin Voltage Distributions for Cycle 7B
Combined Duta for Hot and Cold Leg Indications
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Figure 6-8
Byron Unit-1
Comparison of Worn Probe Voltage Against New Probe Voltage
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Figure 6-9
Byron Unit-1

Comparison of Worn Probe Voltage Against New Probe Voltage
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7.0  SLB Leak Rate and Tube Burst Probability Analyses

This section presents results of analyses carried out to predict leak rates and tube
burst probabilities for postulated SLB conditions using the actual voltage
distributions from EOC-7B inspection as well as for the projected EOC-8 voltage
distributions. The methodology used in these analyses is described in Section 5.0.
Since TSPs are locked by tube expansion (to support a 3 volt IPC), analyses were
performed separately for the indication population on the hot leg and cold leg sides
of each generator since only indications on the cold leg are to be considered for
tube burst probability analysis. SG-C with the largest number of indications on
the hot leg side is expected to yield the limiting SLB leak rate for Cycle 8, and SG
B with the largest number of indications on the cold leg side is expected to be
limiting from the tube burst probability standpoint.

7.1  Leak Rate and Tube Burst Probability for EOC-7B

Analyses to calculate EOC-7B SLB leak rate and tube burst probabilities were
performed using the actual bobbin voltage distributions presented in Table 6-1 and
these analyses were performed separately for hot leg and cold leg indications, as
discussed above. Results of Monte Carlo calculations are summarized on Table 7-1.

A comparison of the EOC-7B actuals in Table 7-1 with the corresponding
predictions performed during the EOC-7A inspection, shown here in Table 7-2,
indicates the following.

a) For both POD of 0.6 and EPRI POD, SG-B was predicted to be the limiting
steam generator for EOC-7B based on a voltage distribution projection
performed during the EOC-7A inspection.

b) SG-B was confirmed to have the highest tube leak rate based on actual EC
bobbin measurements for EOC-7B. As with the projections, tube burst

probabilities based on the actual, measured voltages are below 4x10° for all
SGs.

c) The leak rate and tube burst probability predictions for the projected EOC-
7B indication population distribution, based on the EOC-7A inspection data,
are conservative compared to the corresponding values calculated using
actual measured bobbin measurements for EOC-7B for all SGs except SG B.
Leak rate based on the actual measured voltage distribution for SG B is a
negligible 0.02 gpm (0.09 gpm for EPRI POD) higher than its projected
value, which is primarily due to the detection of just one indication at 4.5
volts that was not predicted.
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d) The leak rate and tube burst probability predictions for all four SGs based
EOC-7B bobbin measurements are well within the aliowable limits.

In summary, with the exception of the neglhigible difference in the SLB leak rate
for SG B, Monte Carlo analysis results based on the actual EOC-7B bobbin voltage
distributions for all SGs are below the corresponding projections assuming a
voltage distribution based on the NRC SER endorsed probability of detection of 0.6.
Leak rate based on the actual measured voltage distribution for SG B is about 0.02
gpm higher than its projected value which is primarily due to the detection of just
one indication at 4.5 volts that was not predicted. Limiting values for SLB leak
rate (0.27 gpm) and tube burst probability (< 4 x 10*) obtained using the actual
measured voltages are more than two orders of magnitude below the allowable
Cycle 7B SLB leakage himit of 35.7 gpm and the NRC reporting guideline of 10*
for the tube burst probability.

7.2 Leak Rate and Tube Burst Probability for EOC-8

Calculations to predict the performance of the limiting steam generator in Byron
Unit-1 at EOC-8 conditions were carried out using two values for POD: 1) NRC
required constant value of 0.6, 2) voltage dependent EPRI POD distribution. The
methodology used in these predictions is the same as previously described for EOC-
7B. Results of the EOC-8 predictions are summarized on Table 7-3. With a
constant POD of 0.6, the projected limiting EOC-8 SLB leak rate is 19.0 gpm and
it 1s predicted for SG-C. Limiting tube burst probability, 9.4x10", is predicted for
SG B which has largest number of indications on the cold leg side. EPRI POD
gives a shghtly higher limiting burst probability, 1.2x107, than POD=0.6. These
limiting values are much lower than the allowable SLB leakage limit for Cycle 8
of 35.7 gpm and the NRC reporting guideline of 10 for the tube burst probability.

SLB leak rates and tube burst probabilities predicted for EOC-8 are substantially
higher those for EOC-7B conditions due to the longer operating cycle and the EOC-
7B growth rates used in the projections are believed to be conservative, as
discussed in Section 3.2. The results based on the actual EOC-8 voltages are

expected to be below these projections as was found for the EOC-7A condition
(Reference 8.6).
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Table 7-1

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

Burst Probability
Steam Number Max. Leak
Generator POD of Indi- | Valts'"' | 1 Tube 2 Tubes Rate
cations gpm
EOC - 7B ACTUALS

: Hot Side | 1 1014 39 |Neghgible” |Neghgble®] 0.06
A Cold Side | 1 9 1.1 <4x10° [ <4x10° | 1x10
Combined| - 1023 3.9 <4x10" | <4x10" 0.06

Hot Side |1 1779 4.5 | Neghgible® | Neglhigible® | 0.27

B Cold Side | 1 12 1.2 <4x10" | <4x10" | 1x10°
Combined | - 1791 3.5 <4x107 | <4x10° 0.27

Hot Side 1 2035 3.5 Neghgible™ | Neghgible 0.13
C Cold Side | 1 5 1.6 <4x10" | <4x10" | 1x107
Combined . 2040 3.2 <4x10° <4 x10" 0.13

Hot Side |1 859 3.5 | Neghgible® | Negligible® | 0.04

D Cold Side | 1 6 1.0 <4x107 | <4x10° | 1x10°
Combined 865 3.5 <4x10° <4 x10° 0.04

e L8’

1 Voltages include NDE uncertainties from Monte Carlo analyses and exceed measured
voltages

2 Below 10 " (Reference 8.7)
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Table 7-2

Byron Unit-1
Summary of Projected Tube Leak Rate and Burst Probability
for EOC-7B — 250k Simulations
Burst Probability | SLB |
Steam No of | Max Leak |
Generator POD | Indic | Volts” [ 1 Tube | 2 Tubes | Rate |
ations''’ gpm |
EOC - 7B PROJECTIONS BASED ON EOC-7A DATA ;
Hot Side 06 1436 39 Negligible™ | Negligible™ 0.11 ’
A Cold Side| 06 5 0.8 < 4.0x10° < 4 0x10° 116
Total 06 1441 <40x10° | <40x10° 011 |
Hot Side | EPRI 1321 3.6 Neghgible® | Neglgible®™ 007 |
A [Cold Side| EPRI 5 0.8 <4.0x10° | <40x10° | 1x10° |
Total EPRI 1326 < 4.0x10° < 4.0x10° 007 |
, Hot Side 06 2513 4.0 Neghgible® | Negligible®™ 025 |
| B [Cold Side| 06 4 1.5 <4.0x10° | <4a0x10° | 1x10*
Total 06 2517 < 4.0x10° < 4.0x10* 0.25
Hot Side | EPRI 2285 3.9 Negligible® | Negligible®™ 0.16
| B Cold Side| EPRI 3 1.4 < 4.0x10° < 4.0x10° 1x10*
Total EPRI 2288 < 4.0x10° < 4.0x10° 0.16
Hot Side 06 2606 39 Negligible® | Negligible® 0.2:
|  ©  [Cold Side| 06 2 ~1 <4.0:10° | <40x10° | 1x10*
| Total 0b 2608 < 4.0x10* < 4.0x10* 0.21
| Hot Side | EPRI 2360 38 Negligible” | Negligible® | .14 8
| € [ColdSide| EPRI 2 - <400° | <a0xa0 | 1x10" )
: Total EPRI 2362 < 4.0x10° < 4.0x10° 0.14
Hot Side 06 1245 39 Negligible™ | Negligible® 0.14
D TCold Side| 06 1 ~0.5 <4.0%10° | <4.0x10* | 1x10°
Total 06 1246 < 4.0x10* < 4.0x10° 0.14
Hot Side | EPRI 1186 3.7 Negligible™® | legligible® 0.01
| P [Cold side| EPRI 2 05 <4.0x10° | <40x10° | 1x10°
| Total EPRI 1188 < 4.0x10° < 4.0x10°
Notes

(1) Number of indications adjusted for POD
(2) Voltages include NDE uncertainties from Monte Carlo analyses and exceed measured

voltages.

(3) Below 10" (Reference 8.7)
(4) Based on & projected cycie 7B length of 116.1 EFPD (Actual Cycle 7B duration 18 87.7 EFPD)
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Table 7-3

Byron Unit-1 April 1996 Outage
Summary of Projected Tube Leak Rate and Burst Probability

otes

(1) Number of indications adjusted for POD
(2) Voltages include NDE uncertainties from Monte Carlo analyses and exceed measured

voltages

(3) Below 10" (Reference 8.7)
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for EOC-8 - 250k Simulations
PROJECTIONS
Hot Side 06 1618 11.1 Neghgible™ | Neghgible® 9.7
A [Cold Side| 06 15 4.0 8.1x10* < 4.0x10° 0.05
Total 8.1x10* < 4.0x10*
Hot £ide | EPRI 1612 11.1 Negligible” | Negligible™ 2
A~ ICold Side| EPRI 19 43 8.6%10" <4.0x10° | 006
Total EPRI 8.5%10" < 4.0x10* 9.2
Hot Side 06 2866 11.5 Negligible™ | Negligible® 17.0
B lcold Side| 06 19 4.3 9.4x10" <4.0x10° | 007
Total 0.6 2685 9 4x10* < 4.0x10° 17.1
Het Side | EPRI 2671 11.3 Negligible™ | Neglhgible™ 14.8
B ICold Side| EPRI 24 44 12x10° | <40x10° | 01
Total EPRI 2695 1.2x10° < 4.0x10* 149
Hot Side 06 3317 11.5 Negligible® | Negligible™ 19.0
€ [cold Side] 06 7 3.8 5.8x10* < 4.0x10* 0.04
Total 06 3324 58x10" < 4.0x10* 19.0
Hot Side | EPRI 3109 114 Negligible™ | Negligible™ 16.7
€ [Cold Side| EPRI 7 36 5.0x10° <40x10° | 003
Total EPRI 3116 5.0x10* < 4.0x10* 16.7
Hot Side 06 1382 11.0 Negligible®™ | Negligible® 8.3
D [Cold Side| 06 9 3.4 4.5%10" <40x10° | 002
Total 0.6 1391 4.5%10* < 4.0x10" 8.3
Hot Side | EPRI 1452 10.9 Neghgible™ | Neghgible®™ 8.2
D TCold Side| EPRI 15 59 71x10° | <4.0x10° | 004
Total 7.1x10* < 4.0x10*
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