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SPECIAL REPORT 03-02

W* ALTERNATE REPAIR CRITERIA 90 DAY REPORT

DIABLO CANYON POWER PLANT UNIT 2 ELEVENTH REFUELING OUTAGE

NRC Reporting Requirements

Diablo Canyon Power Plant (DCPP) Technical Specification (TS) 5.6.10.e requires that
the results of the inspection of Wstar (W*) tubes be reported to the Commission
pursuant to 10 CFR 50.4 within 90 days following return to service of the steam
generators (SGs). The report shall include:

1. Identification of W* tubes. PerTS 5.5.9.d.1.k, a W* tube is a tube left in service wth
degradation within or below the W* length.

2. We inspection distance measured with respect to the Bottom of the WEXTEX
Transition (BWr) or the top of tubesheet, whichever is lower.

3. Elevation and length of axial indications within the flexible W* distance and the
angle of inclination of clearly skewed axial cracks (if applicable).

4. The total steam line break leakage for the limiting SG per WCAP-14797 Revision I
("Generic W* Tube Plugging Criteria for 51 Series Steam Generator Tubesheet
Region WEXTEX Expansions").

DCPP TS 5.6.10.f requires that the aggregate calculated steam line break leakage from
application of all alternate repair criteria (ARC) be reported to the Commission pursuant
to 10 CFR 50.4 within 90 days following return to service of the SGs.

W* Inspections and Results

This report implements the DCPP TS reporting criteria. We ARC was implemented for
the third time in DCPP Unit 2 during the Unit 2 eleventh refueling outage (2R1 1).
Following 2R1 I SG inspections and repairs completed in March 2003, the SGs were
returned to service.

One hundred percent of the SG tubes were inspected by bobbin from tube end to tube
end. One hundred percent of the hot leg top of tubesheet (TTS) WEXTEX region was
inspected by Plus Point in each SG. Even though cold leg inspections were not
required in accordance with the EPRI PWR SG Examination Guidelines, Revision 5,
100 percent of the cold leg TTS region was inspected by Plus Point in SG 2-4, and 20
percent of the cold leg TTS region was inspected by Plus Point in SGs 2-1, 2-2, and 2-3
(biased to the center of the bundle).
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Table I provides a comprehensive list of axial primary water stress corrosion cracking
(PWSCC) indications detected in the hot leg WEXTEX region during 2R1 I Plus Point
inspections. No indications were detected in the cold leg WEXTEX region. The
following TS-required reporting information is extracted from Table 1:

1. Identification of W* tubes. See 'W* Tube' column in Table 1. A total of 66 tubes
with 76 axial PWSCC indications in the hot leg WEXTEX region are identified in
Table 1. 63 tubes, containing a total of 73 single axial PWSCC indications (SAI),
are categorized as W* tubes. A description of tubes plugged due to degradation in
the WEXTEX region is described below.

* Three repeat W* tubes were plugged (total of 8 indications) due to reasons other
than failing the We ARC, as follows: SG 2-3 R28C12 because of greater than
40% cold leg thinning at a cold leg support plate, SG 2-4 R2C29 because it was
in situ leak tested to APSLB, and SG 2-2 R28C1 5 as a preventive repair because
of multiple axial indications above the tube end.

* One repeat We tube was plugged due to failure of W* ARC (UCT above BWT).
SG 2-3 R17C72 axial PWSCC indication extended from 1.0 inch (lower crack tip,
LCT) to 0.53 inch (upper crack tip, UCT) below the TTS. The BWT was
measured as 0.29 inch below the TTS. After addition of NDE uncertainty in
locating the UCT relative to BWT as required by the W* methodology, the 2R1 1
UCT is located just slightly above the BWV (by 0.04 inch), requiring the tube to
be plugged. The prior cycle OA projected the UCT to be located 0.16 inch above
BWV, so the prior cycle OA methodology was conservative. The calculated
crack length growth rate was 0.067 inch/EFPY, reflecting slow growth. This
growth rate is less than the growth rate used in the prior cycle OA.

* One tube with a new axial PWSCC indication was plugged due to failure of W*
ARC (UCT above BWT). SG 2-1 R45C59 axial PWSCC indication extended
from 0.55 inch (LCT) to 0.38 inch (UCT) below the TTS. The BWT was
measured as 0.46 inch below the TTS. The 2R1 1 UCT is located above the
BWT, requiring the tube to be plugged. The maximum depth of the indication
was 53% through-wall as measured by Plus Point. The indication was
detectable in 2R10 based on a lookup review, and had a crack length growth
rate of 0.024 inch/EFPY, reflecting slow growth.

* One tube with a new axial PWSCC indication was plugged because the entire
crack length was located in the WEXTEX transition region, above BWT. Axial
PWSCC located entirely in the transition region is not applicable to We ARC. SG
2-4 R4C18 axial PWSCC indication extended from 0.27 inch (LCT) to 0.09 inch
(UCT) below the TTS. The BWT was measured as 0.41 inch below the TTS.
The 2R1 1 UCT is located above the BWT, requiring the tube to be plugged. The
indication was not detectable in 2R10 based on a lookup review. Because W*
ARC is not applicable to indications in the transition, the W* leakage model is not
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applied. Because the flaw was located entirely below the top of tubesheet, the
tubesheet provides burst restraint. Structural and SLB leakage integrity are also
supported for this indication because of its small voltage (0.47 volts) and shallow
depth (40%) as measured by Plus Point. The basis for these numbers are
contained in draft EPRI Report 1007904, Steam Generator In Situ Pressure Test
Guidelines, May 6, 2003, which demonstrates that axial PWSCC indications in
explosive transitions less than 2.5 volts Plus Point have no SLB leakage
potential, and degradation less than 0.5 volts Plus Point has no burst potential at
3 times normal operation differential pressure. For operational assessment, it is
assumed this flaw size is the largest undetected flaw in the transition. Applying
the PWSCC ARC operational assessment methodology to this flaw results in a
projected EOC 12 burst pressure in excess of 6100 psi (default value in software
output), and no leakage at SLB conditions. Therefore, no axial PWSCC
indications in the transition region are expected that would challenge structural
performance criteria at EOC 12, and no leakage is postulated in a faulted SG
following a SLB at EOC 12.

* One tube with a circumferential ODSCC indication at the hot leg top of tubesheet
(SG 2-1 R20C45) was plugged. Circumferential indications located in the
transition region are not applicable to W* ARC. This indication is not listed in
Table I and is not assessed in the W* ARC report. It is assessed in Enclosure
3.

2. W* inspection distance measured with respect to BWT or TTS, whichever is lower.
For the one hundred percent Plus Point hot leg TTS exam, the inspection extent
relative to the TTS was specified as +2/-8.5 inches. Assuming no degradation in the
W* length, 8.5 inches below the TTS constitutes the W* inspection distance. This
distance bounds W* lengths for hot leg Zone A and Zone B (5.2 inch and 7.0 inch,
respectively, relative to BWT) and cold leg Zone A and Zone B (5.5 inch and 7.5
inch, respectively, relative to BWr), and includes margin for a nominal distance from
BWT to TTS plus nondestructive examination (NDE) uncertainty in measuring W*
length. If degradation is detected in the W* region, the inspection extent must
bound the calculated flexible VW length. The UW* Inspect Distc column in Table 1
lists the V* inspection distances measured with respect to BWT for tubes in which
axial PWSCC was detected (in all cases, BWT was lower than the TTS). The W*
inspection distance must be greater than or equal to the Wk flexible length.

3. Elevation and length of axial indications within the flexible W* distance. See ULCT",
lUCTr and 'Crack Length" columns in Table 1 for elevation of the upper crack tip,
elevation of the lower crack tip, and crack length of the axial indications. The
elevations of the UCT and LCT are relative to the TTS.

4. Angle of inclination of clearly skewed axial cracks (if applicable). None of the axial
indications were skewed, so this reporting requirement is not applicable.
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5. The total steam line break leakage for the limiting SG per WCAP-14797. Steam line
break (SLB) leakage attributed to each W* indication at end of the cycle (EOC) II
(condition monitoring) and projected EOC 12 (operational assessment) are listed in
"CM Leak Rate" and "OA Leak Rate" columns in Table 1. The W* leakage model
conservatively assumes all W* indications are throughwall cracks. The total SLB
leakage for each SG is provided in Tables 3 and 4, and reflects the sum of the
individual leak rates listed in Table 1. Note that SG 2-4 R2C29 (two indications) was
in situ leak tested at APSLB conditions, and no leakage was detected. The CM leak
rates for these two indications are listed in Table 1 for information only and are
based on the leakage model in WCAP-14797 Revision 1. However, when
calculating the total SG 2-4 leak rate in Table 3, no CM leakage was assigned to
these two indications based on the results of the in situ leak test.

Table 3 and Table 4 reports the following SLB leak rates for condition monitoring and
operational assessment, pursuant to TS 5.6.10.e.4 and 5.6.10.f. For W* ARC, the SLB
differential pressure is conservatively assumed to be 2560 psi. For PWSCC ARC and
voltage-based ARC, the SLB differential pressure is assumed to be 2405 psi.

1. Total W* ARC SLB leakage for each SG at EOC 11 (condition monitoring). The
maximum leak rate is 0.585 gpm (at room temperature) in SG 2-3.

2. Total W* ARC SLB leakage for each SG at EOC 12 (operational assessment). The
maximum leak rate is 0.702 gpm (at room temperature) in SG 2-3.

3. The aggregate calculated EOC 11 (condition monitoring) SLB leakage from
application of voltage-based ARC, PWSCC ARC, WV ARC, and non -ARC
degradation. The maximum leak rate is 3.614 gpm (at room temperature) in SG 2-
4.

4. The aggregate calculated EOC 12 (operational assessment) SLB leakage from
application of voltage-based ARC, PWSCC ARC, W* ARC, and non-ARC
degradation. The maximum leak rate is 3.319 gpm (at room temperature) in SG 2-
4, based on voltage-based ARC application of voltage-dependent growth and DCPP
Units 1 and 2 probability of prior cycle detection (POPCD) probability of detection
(POD). Application of POPCD is pending NRC approval. The maximum leak rate is
10.089 gpm (at room temperature) in SG 2-4, based on worse case SLB leakage
from voltage-based ARC (application of voltage-dependent growth, POD of 1.0 for
SG 2-4 R44C45 2H indication, and POD of 0.6 for other indications).

Table 5 reports the projected EOC 11 leak rates from the prior cycle operational
assessment, submitted in Enclosure 1 to PG&E letter DCL-01-086 dated August 21,
2001, for comparison with the as-found leak rates listed in Table 3. The projected leak
rates are higher than the as-found leak rates in all SGs, except for SG 2-1, reflecting
the conservatism of the ARC methodology. The reason for the slightly non-
conservative leak rate projection in SG 2-1 (0.053 gpm under prediction) is due to three
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new axial PWSCC indications within the W* length that account for 0.107 gpm. The W*
ARC methodology does not require that potential new indications be accounted for in
operational assessments on the basis that new indications are not likely to be through-
wall. The Plus Point voltages for these three indications range from 0.24 to 0.28 volt for
which leakage would not be expected.

Axial PWSCC Growth Rates

Of the 76 axial PWSCC indications in the hot leg WEXTEX region that were detected in
2R1 1, 9 were new indications and 67 were repeat W* indications that had been left in
service in the prior inspection. All repeat indications were detected in 2R1 1. Based on
a 2R1 0 lookup review of the 9 new indications, 7 were detectable, 1 was not detectable
due to data quality, and I was not inspected because the new indication was located
below the 2R10 inspection extent. As a result, 74 additional growth rate data points
were available for evaluation, and their average growth rate was 0.042 inch per EFPY
at Thot of 603 degrees F.

After addition of the cycle 11 data points, the updated W* growth rate distribution now
consists of 182 data points from DCPP Units 1 and 2. The updated growth rate at
95 percent cumulative probability is 0.115 inch per EFPY at 603 degrees F, compared
to the pre-2R1 1 growth rate of 0.069 inch per EFPY. The updated growth rate value of
0.115 inch per EFPY is used in the operational assessment for DCPP Unit 2 Cycle 12.
Because there are less than 200 data points in the growth rate distribution, no data
points are excluded.

The actual length of Unit 2 Cycle 11 was 1.64 EFPY. The projected length of Unit 2
Cycle 12 is 1.54 EFPY.

In Situ Leak Testing

In Situ Test Screening Methodology

In support of W* leak rate model validation, PG&E letter DCL-01-095 dated
September 13, 2001, defined a four step sequential screening process for determining
the need for in situ leak testing of axial PWSCC indications in the WEXTEX region.
The screening criteria are described below. PG&E's assessment of the 76 axial
PWSCC indications detected in 2R1 1 with respect to the screening criteria is tabulated
in Table 2, and is also summarized below.

* Step 1: Prior leak tested W* indications with maximum Plus Point voltages greater
than or equal to 1.25 times the prior leak test voltage are carried to Step 2. W*
indications with no prior leak test are also carried to step 2.

PG&E evaluation: Seven W* indications had been leak tested in prior outages and
for one of these indications (SG 2-4 R2C29 crack 2), the Plus Point voltage
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increased by 30% (more than 25% threshold), so this indication was carried to step
2. The 69 indications with no prior in situ test were also carried to step 2.

* Step 2: Indications with maximum Plus Point voltages exceeding the critical voltage
(V\/t) are leak tested independent of other parameters. Vcnt equals 4.0 volts for
nondeplugged indications and 6.0 volts for deplugged indications. Indications with
maximum Plus Point voltages less than Vrt are carried to Step 3.

PG&E evaluation: 42 of the 70 indications carried to step 2 had been deplugged in
a prior outage, and 28 had not been deplugged. None of the deplugged indications
exceeded 6.0 volts Plus Point, and none of the nondeplugged indications exceeded
4.0 volts Plus Point. As such, none of the indications required in situ testing due to
exceeding Vcrt. Therefore, all 70 indications were carried to step 3.

* Step 3: Indications with maximum Plus Point voltages exceeding Vthr are carried to
the Step 4 depth evaluation. A minimum of the five largest voltage indications are
carried to the depth evaluation if less than five indications exceed the voltage
threshold. Vthr equals 2.5 volts for nondeplugged indications and 4.0 volts for
deplugged indications.

PG&E evaluation: For the 28 nondeplugged axial PWSCC indications, none of
maximum Plus Point voltages exceeded the 2.5 volt Vthr threshold value. The
maximum Plus Point voltage of 2 of the 42 deplugged axial PWSCC indications
exceeded the 4.0 volt Vthr threshold value (SG 2-2 R28C15 cracks 4 and 5). This
tube had been deplugged and returned to service in 2R9. The 2R1 1 Plus Point
voltages of these two indications were 4.7 and 5.4, reflecting an increase from the
2R10 voltage measurements of 2.9 and 3.9, respectively. These 2 indications are
carried to the step 4 depth evaluation.

The remaining 68 indications were ranked from highest to lowest Plus Point voltage.
The 5 highest voltages were carried to step 4, in addition to SG 2-2 R28C15 cracks
4 and 5, to ensure that a minimum of 5 largest voltages are carried to step 4.

* Step 4 (depth evaluation): Indications with maximum depths exceeding the
maximum depth leakage threshold (MDL-thr) over lengths greater than the deep crack
length threshold (LLmin) are leak tested. MDL.thr equals 80% and LL nj equals 0.1
inch.

PG&E evaluation: All axial PWSCC indications in the WEXTEX region were depth
profiled using the same techniques as axial PWSCC at dented TSP intersections.
For each indication, the flaw length exceeding 80% maximum depth is listed in
Table 2.

2R I In Situ Testing of Wk Indications
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Only 2 of the 7 indications had maximum depths exceeding 80% maximum depth over
greater than 0.1 inch (SG 2-2 R28C15 cracks 4 and 5). Therefore, these indications
required in situ leak testing. However, in situ testing was not performed because the
location of the indications precluded an effective test. These indications were located
between approximately 0.5 inches to 2 inches above the tube end (below the shop roll
and within the tubesheet). This location is where the in situ testing tool head would
seat/seal, so the test would not have been capable of pressurizing the indication. In
addition, because the location of the indication is well below the W* length, tests results
would not provide meaningful data for validation of the W* leakage model. R18C25
was subsequently plugged. In summary, none of the seven indications carried to step 4
were in situ tested.

The SG 2-4 R2C29 crack 1 and crack 2 UCT locations were 3.61 and 1.78 inches
below the TTS (within the W* length), had Plus Point voltages of 5.25 volts and 1.22
volts, and had greater than 80% maximum depth lengths of 0.97 inch and 0.12 inch.
The indications did not require in situ testing based on the screening methodology
described above. However, 2R1 1 in situ testing was performed on these indications
because visual examination of the R2C29 tube end showed some evidence of moisture
during secondary side pressure testing. The indications were subsequently in situ
tested (full tube length test) up to APSLB conditions, and no leakage was detected. The
test was then terminated and the tube was plugged. Based on the in situ test results,
the total SG leak rate assumes no leakage from R2C29 indications. The R2C29
indications were previously in situ tested in 2R10, with no in situ leakage detected up to
normal operating dP, and were returned to service in 2R10 because they had satisfied
W* ARC criteria.

Tube Integrity Performance Monitoring

Condition Monitoring Performance Criteria to Limit Free Span Cracking: The upper
crack tip (UCT) of W* indications returned to service under W* ARC in the prior
inspection (EOC 10) shall remain below the TTS at EOC 11 by at least the NDE
uncertainty on locating the crack tip relative to the TTS. The 'UCT adj" column in Table
1 provides the EOC 11 elevation of the upper crack tip relative to the top of tubesheet,
accounting for NDE uncertainty in locating the crack relative to the top of tubesheet. In
all cases, the EOC 11 crack tip for indications returned to service at EOC 10 is below
the top of tubesheet, as indicated by "Yes" in the column UUCT below TTS?" Therefore,
the performance criterion was satisfied for condition monitoring at EOC 11.

Accident-induced Leakage Performance Criteria: W* leak rates under postulated SLB
conditions, when combined with SLB leak rates from application of GL 95-05 voltage-
based ARC and PWSCC ARC, and SLB leak rates from non-ARC degradation
mechanisms, shall not exceed 10.5 gpm (at room temperature) in the faulted SG for
condition monitoring and operational assessment. The 10.5 gpm limit was approved by
the NRC as requested in PG&E license amendment request (LAR) 01-05. The
aggregate calculated SLB leakage at EOC 11 is 3.614 gpm for the limiting SG. The
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aggregate calculated SLB leakage at EOC 12 is 10.089 gpm for the limiting SG, based
on worst case SLB leakage from voltage based ARC (application of voltage dependent
growth, POD of 1.0 for SG 2-4 R44C45 2H indication, and POD of 0.6 for other
indications). In both assessments, SLB leakage is less than the allowable limit.
Therefore, the performance criterion has been satisfied for condition monitoring at EOC
11 and operational assessment at EOC 12.
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Table 1 - 2R1 1 Axial PWSCC Indications in Hot Leg WEXTEX Tubesheet Region

PPCrack UTCrack UCT UCT U*W* LCT UCT UCT EOC1 (N+1P W npc W* Flex MIeak(+)OC akPrevy ub
SG Ro Col LO CT blwBWT to Beo Below (N+1 Inspect CM LekWI ALekTb

Volts No Length adj TT Zone Length BWT W' BWT UCT Below Tube Extent DitLnt Rate UCT to Rate Tube Pluggec
to T-rS TTtSent BWT

21 3 59 4.95 1 -1.48 -0.76 0.72 -0.54 Yes 61 7.12 -0.42 0.06 No Yes -0.36 Yes Yes -10.66 10.15 7.88 0.043 -0.34 0.045 Repea No

21 6 77 0.86 1 -1.4 -1.23 0,17 -1.01 Yes B4 7.12 -0.40 0.55 No Yes -0.83 Yes Yes -10.94 10.45 7.33 0.026 0.15 0.040 Repea No

21 7 24 0.19 1 -1.98 -1.87 0.11 -1.65 Yes 63 7.12 -0.37 1.22 No Yes -1.47 Yes Yes -10.97 10.51 7.27 0.015 0.82 0.021 Repea No

21 7 62 3.58 1 -2.34 -1.44 0.90 -1.22 Yes B2 7.12 -1.06 0.10 No Yes -1.04 Yes Yes -21.4 20.25 8.06 0.042 -0.30 0.045 Repea No

21 8 32 0.39 1 -2.13 -1.98 0.15 -1.76 Yes B2 7.12 -0.39 1.31 No Yes -1.58 Yes Yes -10.8 10.32 7.31 0.015 0.91 0.020 Repea No

21 9 49 0.49 1 -2.16 -1.96 0.20 -1.74 Yes B1 7.12 -0.36 1.32 No Yes -1.56 Yes Yes -10.93 10.48 7.36 0.015 0.92 0.020 Repea No

21 10 49 0.25 1 -0.94 -0.80 0.14 -0.58 Yes B1 7.12 -0.30 0.22 No Yes -0.40 Yes Yes -10.76 10.37 7.30 0.037 -0.18 0.045 No

21 11 37 0.42 1 -7.54 -7.43 0.11 -7.21 Yes B2 7.12 -0.41 6.74 No Yes -7.03 Yes Yes -10.63 10.13 7.27 0.001 6.34 0.001 Repea No

21 11 37 0.64 2 -6.65 -6.48 0.17 -6.26 Yes B2 7.12 -0.41 5.79 No Yes -6.08 Yes Yes -10.63 10.13 7.33 0.001 5.39 0.001 Repea No

21 11 37 0.31 3 -2.11 -1.85 0.26 -1.63 Yes B2 7.12 -0.41 1.16 No Yes -1.45 Yes Yes -10.63 10.13 7.42 0.017 0.76 0.022 Repeal No

21 11 39 1.3 1 -1.93 -1.61 0.32 -1.39 Yes 61 7.12 -0.42 0.91 No Yes -1.21 Yes Yes -10.92 10.41 7.48 0.020 0.51 0.027 Repea No

21 11 40 0.37 1 -0.97 -0.83 0.14 -0.61 Yes BI 7.12 -0.49 0.06 No Yes -0.43 Yes Yes -10.94 10.36 7.30 0.043 -0.34 0.045 Repea No

21 11 48 1.99 1 -4.84 -4.39 0.45 -4.17 Yes B1 7.12 -0.42 3.69 No Yes -3.99 Yes Yes -10.54 10.03 7.61 0.006 3.29 0.007 Repea No

21 13 49 0.28 1 -1.68 -1.54 0.14 -1.32 Yes B1 7.12 -0.66 0.60 No Yes -1.14 Yes Yes -11.53 10.78 7.30 0.025 0.20 0.037 No

21 23 70 0.95 1 -1.66 -1.27 0.39 -1.05 Yes A 5.32 -0.22 0.77 No Yes -0.87 Yes Yes -10.9 10.59 5.75 0.018 0.37 0.031 Repea No

21 30 59 2.43 1 -10.13 -9.82 0.31 -9.60 Yes B4 7.12 -0.15 9.39 Yes Yes -9.42 Yes Yes -21.4 21.16 7.12 0.000 8.99 0.000 No

21 45 59 0.24 1 -0.55 -0.38 0.17 -0.16 Yes A 5.32 -0.46 -0.36 No No 0.02 No No -11.11 10.56 5.53 0.045 NA 0.000 Yes

22 28 15 0.51 1 -2.3 -2.16 0.14 -1.94 Yes A 5.32 -0.45 1.43 No Yes -1.76 Yes Yes -21.4 20.86 5.50 0.006 NA 0.000 Repea Yes

22 28 15 0.5 2 -1.89 -1.69 0.20 -1.47 Yes A 5.32 -0.45 0.96 No Yes -1.29 Yes Yes -21.4 20.86 5.56 0.011 NA 0.000 Repea Yes

22 28 15 0.83 3 -11.11 -10.82 0.29 -10.6 Yes A 5.32 -0.45 10.09 Yes Yes -10.42 Yes Yes -21.4 20.86 5.32 0.000 NA 0.000 Repea Yes

22 28 15 5.4 4 -20.88 -19.38 1.50 -19.16 Yes A 5.32 -0.45 18.65 Yes Yes -18.98 Yes Yes -21.4 20.86 5.32 0.000 NA 0.000 Repea Yes

22 28 15 4.7 5 -21.01 -19.29 1.72 -19.07 Yes A 5.32 -0.45 18.56 Yes Yes -18.89 Yes Yes -21.4 20.86 5.32 0.000 NA 0.000 Repea Yes

22 5 18 0.66 1 -1.24 -0.99 0.25 -0.77 Yes B4 7.12 -0.24 0.47 No Yes -0.59 Yes Yes -10.03 9.70 7.41 0.028 0.07 0.043 Repea No

22 31 25 4.05 1 -2.18 -1.59 0.59 -1.37 Yes A 5.32 -0.55 0.76 No Yes -1.19 Yes Yes -9.57 8.93 5.95 0.018 0.36 0.031 Repea No

22 13 43 0.73 1 -1.42 -1.23 0.19 -1.01 Yes 61 7.12 -0.45 0.50 No Yes -0.83 Yes Yes -10.38 9.84 7.35 0.027 0.10 0.042 Repea No

22 10 48 0.42 1 -3.04 -2.9 0.14 -2.68 Yes 61 7.12 -0.09 2.53 No Yes -2.50 Yes Yes -10.16 9.98 7.30 0.008 2.13 0.009 Repea No

22 10 56 0.88 1 -1.07 -0.9 0.17 -0.68 Yes B1 7.12 -0.58 0.04 No Yes -0.50 Yes Yes -10.46 9.79 7.33 0.044 -0.36 0.045 Repeat No

23 28 12 2.37 1 -2.1 -1.51 0.59 -1.29 Yes A 5.32 -0.54 0.69 No Yes -1.11 Yes Yes -12.19 11.56 5.95 0.02 NA 0.00 Repeat Yes

23 14 24 0.35 1 -1.91 -1.76 0.15 -1.54 Yes B4 7.12 -0.16 1.32 No Yes -1.36 Yes Yes -11.65 11.40 7.31 0.010 0.92 0.016 Repeat No
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Table 1 - 2R1 I Axial PWSCC Indications in Hot Leg WEXTEX Tubesheet Region

EOC EOC -EOC

PPCrack IT UTCrack~ UCT LIC WI WLCTUT IT N1 (N +1)ect WI Flex CMILeak (N+1) OALeak Preyv ub
SG Row Col LCT LICT bel~~UC UCT UCTelo UCTo LICN1 in Inspect WI Rat UCTto RatSG Ro ColVolts No Length adj TT Zone Length BWT t Wel Belo UCT BeCT Tube Extent Dist Length BWe IT t Rae Tube Plugged

BWT W* BW toTTS BelowW

23 16 24 0.25 1 -1.38 -1.23 0.15 -1.01 Yes B4 7.12 -0.16 0.79 No Yes -0.83 Yes Yes -11.85 11.60 7.31 0.019 0.39 0.031 Repea No

23 25 37 1.87 1 -1.29 -0.88 0.41 -0.66 Yes B4 7.12 -0.31 0.29 No Yes -0.48 Yes Yes -11.57 11.17 7.57 0.034 -0.11 0.045 Repea No

23 45 37 1.50 1 -1.56 -1.22 0.34 -1.00 Yes A 5.32 -0.28 0.66 No Yes -0.82 Yes Yes -12.04 11.67 5.70 0.022 0.26 0.035 Repea No

23 21 38 0.54 1 -1.52 -1.02 0.50 -0.80 Yes B3 7.12 -0.33 0.41 No Yes -0.62 Yes Yes -11.57 11.15 7.66 0.030 0.01 0.045 Repea No

23 12 48 0.29 1 -1.99 -1.87 0.12 -1.65 Yes B1 7.12 -0.29 1.30 No Yes -1.47 Yes Yes -11.58 11.20 7.28 0.015 0.90 0.020 Repea No

23 5 51 0.51 1 -2.12 -2.01 0.11 -1.79 Yes B1 7.12 -0.24 1.49 No Yes -1.61 Yes Yes -11.64 11.31 7.27 0.013 1.09 0.017 Repeal No

23 7 52 4.21 1 -1.53 -0.79 0.74 -0.57 Yes B1 7.12 -0.28 0.23 No Yes -0.39 Yes Yes -11.99 11.62 7.90 0.036 -0.17 0.045 Repea No

23 5 55 1.13 1 -2.2 -1.93 0.27 -1.71 Yes B1 7.12 -0.19 1.46 No Yes -1.53 Yes Yes -11.89 11.61 7.43 0.014 1.06 0.018 Repea No

23 32 55 1.21 1 -1.3 -0.9 0.40 -0.68 Yes A 5.32 -0.37 0.25 No Yes -0.50 Yes Yes -11.55 11.09 5.76 0.035 -0.15 0.045 Repea No

23 7 59 1.50 1 -1.88 -1.44 0.44 -1.22 Yes B1 7.12 -0.31 0.85 No Yes -1.04 Yes Yes -11.84 11.44 7.60 0.021 0.45 0.029 Repea No

23 9 63 0.40 1 -1.29 -1.13 0.16 -0.91 Yes B2 7.12 -0.38 0.47 No Yes -0.73 Yes Yes -11.62 11.15 7.32 0.028 0.07 0.043 Repea No

23 3 69 0.94 1 -1.22 -0.88 0.34 -0.66 Yes B2 7.12 -0.34 0.26 No Yes -0.48 Yes Yes -11.42 10.99 7.50 0.035 -0.14 0.045 Repea No

23 19 71 1.08 1 -2.14 -1.8 0.34 -1.58 Yes A 5.32 -0.38 1.14 No Yes -1.40 Yes Yes -11.40 10.93 5.70 0.008 0.74 0.019 Repea No

23 17 72 1.67 1 -1 -0.53 0.47 -0.31 Yes A 5.32 -0.29 -0.04 No No -0.13 Yes No -13.38 13.00 5.83 0.045 NA 0.00 Repea Yes

23 6 77 0.26 1 -1.78 -1.66 0.12 -1.44 Yes B4 7.12 -0.42 0.96 No Yes -1.26 Yes Yes -11.96 11.45 7.28 0.015 0.56 0.026 Repea No

23 21 83 0.94 1 -1.16 -0.85 0.31 -0.63 Yes A 5.32 -0.31 0.26 No Yes -0.45 Yes Yes -11.92 11.52 5.67 0.035 -0.14 0.045 Repea No

23 4 90 0.33 1 -1.11 -0.97 0.14 -0.75 Yes A 5.32 -0.19 0.50 No Yes -0.57 Yes Yes -10.12 9.84 5.50 0.027 0.10 0.042 No

23 2 91 0.62 1 -0.95 -0.6 0.35 -0.38 Yes A 5.32 -0.23 0.09 No Yes -0.20 Yes Yes -11.92 11.60 5.71 0.042 -0.31 0.045 Repea No

23 7 92 0.92 1 -1.15 -0.81 0.34 -0.59 Yes A 5.32 -0.24 0.29 No IYes -0.41 Yes Yes -13.61 13.28 5.70 0.034 -0.11 0.045 Repea No

23 8 93 1.22 1 -0.8 -0.57 0.23 -0.35 Yes A 5.32 -0.26 0.03 No Yes -0.17 Yes Yes -12.08 11.73 5.59 0.044 -0.37 0.045 Repea No

24 2 10 0.43 1 -1.46 -1.33 0.13 -1.11 Yes A 5.32 -0.20 0.85 No Yes -0.93 Yes Yes -11.37 11.08 5.49 0.015 0.45 0.029 Repea No

24 2 29 5.25 1 -4.58 -3.61 0.97 -3.39 Yes B2 7.12 -0.29 3.04 No Yes -3.21 Yes Yes -10.77 10.39 8.13 0N006 NA 0.000 Repea Yes
____ _____ ~N ote 1I__

24 2 29 1.22 2 -2.42 -1.78 0.64 -1.56 Yes B2 7.12 -0.29 1.21 No Yes -1.38 Yes Yes -10.77 10.39 7.80 0.016 NA 0.000 Repea Yes
I ~~~~~~~Note 1 __

24 3 5 1.77 1 -1.85 -0.85 1.00 -0.63 Yes A 5.32 -0.29 0.28 No Yes -0.45 Yes Yes -11.29 10.91 6.36 0.034 -0.12 0.045 Repea No

24 3 12 0.44 1 -2.81 -2.69 0.12 -2.47 Yes A 5.32 -0.28 2.13 No Yes -2.29 Yes Yes -11.28 10.91 5.48 0.004 1.73 0.005 Repea No

24 3 12 0.94 2 -2.49 -2.28 0.21 -2.06 Yes A 5.32 -0.28 1.72 No Yes -1.88 Yes Yes -11.28 10.91 5.57 0.005 1.32 0.007 Repea No

24 3 17 0.39 1 -3.59 -3.38 0.21 -3.16 Yes B4 7.12 -0.60 2.50 No Yes -2.98 Yes Yes -10.91 10.22 7.37 0.004 2.10 0.005 No
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Table 1 - 2R1 1 Axial PWSCC Indications in Hot Leg WEXTEX Tubesheet Region

EOCEOCEO

PP Crack UTCrack UCT UICT W* WUCT UCT UICT Nl (N+1) W npc * Fe M-a N1 E OA~a vTb
SG Row Col Volts No LC C ength adj beo Zone Length BWT to BelowDelo (N+1) LITTbeEtn Inspect WI~ Flex tC Leak tNo1 Rat Lea P leubged

TTS ~~BWT WI BWT UC TT Below TbExet Dist Length BTTb
oFl* 1H~TS______

24 4 18 0.47 1 -0.27 -0.09 0.18 0.13 No B4 7.12 -0.41 -0.60 No No 0.31 No No -11.46 10.96 7.34 NA NA NA Yes
I I I ' I I I I I I I I I I~__ _ N ote 2 _ _

24 4 35 1.07 1 -1.58 -1.37 0.21 -1.15 Yes 51 7.12 -0.25 0.84 No Yes -0.97 Yes Yes -11.14 10.8 7.37 0.021 0.44 0.029 Repea No

24 5 31 0.61 1 -1.03 -0.83 0.20 -0.61 Yes B2 7.12 -0.33 0.22 No Yes -0.43 Yes Yes -8.88 8.46 7.36 0.037 -0.18 0.045 No

24 5 36 0.4 1 -1.91 -1.76 0.15 -1.54 Yes 11 7.12 -0.14 1.34 No Yes -1.36 Yes Yes -11.24 11.01 7.31 0.015 0.94 0.019 Repea No

24 5 37 1.54 2 -4.07 -3.63 0.44 -3.41 Yes B1 7.12 -0.28 3.07 No Yes -3.23 Yes Yes -11.21 10.84 7.60 0.007 2.67 0.008 Repea No

24 5 37 0.27 1 -4.25 -4.10 0.15 -3.88 Yes I 1 7.12 -0.28 3.54 No Yes -3.70 Yes Yes -11.21 10.84 7.31 0.006 3.14 0.007 Repea No

24 5 53 1.78 1 -1.96 -1.54 0.42 -1.32 Yes B1 7.12 -0.26 1.00 No Yes -1.14 Yes Yes -10.62 10.27 7.58 0.018 0.60 0.025 Repea No

24 6 33 0.87 1 -2.84 -2.61 0.23 -2.39 Yes B2 7.12 -0.16 2.17 No Yes -2.21 Yes Yes -10.83 10.58 7.39 0.008 1.77 0.011 Repea No

24 7 4 0.62 1 -1.25 -1.06 0.19 -0.84 Yes A 5.32 -0.21 0.57 No Yes -0.66 Yes Yes -11.5 11.2 5.55 0.025 0.17 0.039 Repea No

24 7 38 1.98 1 -6.70 -6.31 0.39 -6.09 Yes Bi 7.12 -0.25 5.78 No Yes -5.91 Yes Yes -11.13 10.79 7.55 0.001 5.38 0.002 Repea No

24 7 38 1.71 2 -4.33 -3.71 0.62 -3.49 Yes B1 7.12 -0.25 3.18 No Yes -3.31 Yes Yes -11.13 10.79 7.78 0.007 2.78 0.008 Repea No

24 7 53 0.3 1 -2.71 -2.53 0.18 -2.31 Yes 1I 7.12 -0.34 1.91 No Yes -2.13 Yes Yes -10.94 10.51 7.34 0.010 1.51 0.013 No

24 13 4 0.42 1 -1.32 -1.20 0.12 -0.98 Yes A 5.32 -0.23 0.69 No Yes -0.80 Yes Yes -11.50 11.18 5.48 0.021 0.29 0.034 Repea No

24 13 40 1.65 1 -1.90 -1.51 0.39 -1.29 Yes B2 7.12 -0.21 1.02 No Yes -1.11 Yes Yes -11.43 11.13 7.55 0.018 0.62 0.024 Repea No

24 15 10 0.34 1 -1.04 -0.83 0.21 -0.61 Yes A 5.32 -0.21 0.34 No Yes -0.43 Yes Yes -11.44 11.14 5.57 0.032 -0.06 0.045 Repea No

24 16 10 2.23 1 -2.36 -1.86 0.50 -1.64 Yes A 5.32 -0.29 1.29 No Yes -1.46 Yes Yes -11.43 11.05 5.86 0.007 0.89 0.013 Repea No

24 20 47 1.79 1 -1.69 -1.25 0.44 -1.03 Yes B2 7.12 -0.25 0.72 No Yes -0.85 Yes Yes -11.14 10.80 7.60 0.023 0.32 0.033 Repea No

24 24 26 1.17 1 -2.01 -1.69 0.32 -1.47 Yes A 5.32 -0.32 1.09 No Yes -1.29 Yes Yes -11.58 11.17 5.68 0.009 0.69 0.021 Repea No

24 25 64 1.64 1 -1.52 -1.20 0.32 -0.98 Yes 54 7.12 -0.35 0.57 No Yes -0.80 Yes Yes -9.34 8.90 7.48 0.025 0.17 0.039 Repea No
24 26 45 1.12 1 -3.83 -3.50 0.33 -3.28 Yes B4 7.12 -0.23 2.99 No Yes Yes -11.10 10.78 7.49 0.003 2,59 0.004 Repea No

Note 1: SG 24 R2C29 was in situ tested to SLB conditions, and no leakage was detected. The leak rates listed for these indications are for
information only and are based on W* ARC leak rate model. The total SG leak rate assumes no leakage from R2C29 indications.
Note 2: SG 24 R4C18 is located in the WEXTEX transition and is not applicable to W* ARC.
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Table 2 - 2R11 In Situ Screening of W* Indications

SG Row Co PP Crack LT UT epugdPrior VtIStp1ntp2 Stp3 Voltage Top 5 L >80% stp4In situ
SG Ro ColVolts No LC UTDelgd Situ VcritVtr SeI Sep2 tp3 Rank Voltage Rank TW MD Se Req'dVoltage

21 3 59 4.95 1 -1.48 -0.76 Yes 4.67 6 4 Stop 0.6 No

21 6 77 0.86 1 -1.4 -1.23 Yes 6 4 Go to Step 2 Goto Step 3 Rank 32 0 No

21 7 24 0.19 1 -1.98 -1.87 Yes 6 4 Goto Step 2 Goto Step 3 Rank 68 0.03 No

21 7 62 3.58 1 -2.34 -1.44 Yes 4.08 6 4 Stop 0.11 No

21 8 32 0.39 1 -2.13 -1.98 4 2.5 Goto Step 2 Goto Step 3 Rank 53 0 No

21 9 49 0.49 1 -2.16 -1.96 4 2.5 Goto Step 2 Goto Step 3 Rank 44 1 0 No

21 10 49 0.25 1 -0.94 -0.80 i 4 2.5 Go to Step 2 Go to Step 3 Rank 65 0 No

21 11 37 0.42 1 -7.54 -7.43 4 2.5 Go to Step 2 Go to Step 3 Rank 48 0 No

21 11 37 0.64 2 -6.65 -6.48 4 2.5 Go to Step 2 Go to Step 3 Rank 36 0 No

21 11 37 0,31 3 -2.11 -1.85 4 2.5 Go to Step 2 Go to Step 3 Rank 59 0 No

21 11 39 1.3 1 -1.93 -1.61 Yes 6 4 Goto Step 2 Goto Step 3 Rank 16 0 No

21 11 40 0.37 1 -0.97 -0.83 4 2.5 Go to Step 2 Go to Step 3 Rank 55 0 No

21 11 48 1.99 1 -4.84 -4.39 4 2.5 Go to Step 2 Goto Step 3 Rank 4 Go to Step 4 0.06 Stop No

21 13 49 0.28 1 -1.68 -1.54 4 2.5 Go to Step 2 Go to Step 3 Rank 62 0 No

21 23 70 0.95 1 -1.66 -1.27 Yes 6 4 Go to Step 2 Go to Step 3 Rank 25 0 No

21 30 59 2.43 1 -10.13 -9.82 4 2.5 Goto Step 2 Go to Step 3 Rank 1 Go to Step 4 0 Stop No

21 45 59 0.24 1 -0.55 -0.38 4 2.5 Go to Step 2 Go to Step 3 Rank 67 0 No

22 28 15 0.51 1 -2.3 -2.16 Yes 6 4 Go to Step 2 Go to Step 3 Rank 41 0 = No

22 28 15 0.5 2 -1.89 -1.69 Yes 6 4 Go to Step 2 Go to Step 3 Rank 43 0 No

22 28 15 0.83 3 -11.11 -10.82 Yes 6 4 Goto Step 2 Goto Step 3 Rank 33 0 No

22 28 15 5.4 4 -20.88 -19.38 Yes 6 4 Go to Step2 Go to Step 3 Goto Step 4 1.3 Test Yes

22 28 15 4.7 5 -21.01 -19.29 Yes 6 4 Go to Step 2 Goto Step 3 Goto Step 4 1.2 Test Yes

22 5 18 0.66 1 -1.24 -0.99 4 2.5 Goto Step 2 GotoStep3 Rank 35 0 No

22 31 25 4.05 1 -2.18 -1.59 Yes 3.82 6 4 Stop 0 = No
22 13 43 0.73 1 -1.42 -1.23 Yes 6 4 Goto Step 2 Go to Step 3 Rank 34 0 No

22 10 48 0.42 1 -3.04 -2.9 1 4 2.5 Go to Step 2 Go to Step 3 Rank 48 0 No

22 10 56 0.88 1 -1.07 -0.9 Yes 6 4 Go to Step 2 Go to Step 3 Rank 30 0 No
23 28 12 2.37 1 -2.1 -1.51 4 2.5 Go to Step 2 Go to Step 3 Rank 2 Goto Step 4 0.01 Stop No
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Table 2 - 2R1 1 In Situ Screening of W* Indications

PP Crack Prior In Vlae Tp5 L>0 nst
SG Row Col Volts No LCT UCT Deplugged Situ Vcrit Vthr Step 1 Step 2 Step 3 Rank Voltage p Rank TW M80 Step 4 IRenqst

voltage Rn laeRn WM e'

23 14 24 0.35 1 -1.91 -1.76 Yes 6 4 Go to Step 2 Go to Step 3 Rank 56 0 No

23 16 24 0.25 1 -1.38 -1.23 Yes 6 4 Go to Step 2 Go to Step 3 Rank 65 0 No

23 25 37 1.87 1 -1.29 -0.88 Yes 6 4 Go to Step 2 Go to Step 3 Rank 6 0 No

23 45 37 1.50 1 -1.56 -1.22 Yes 6 4 Go to Step 2 Go to Step 3 Rank 14 0 No

23 21 38 0.54 1 -1.52 -1.02 Yes 6 4 Go to Step 2 Go to Step 3 Rank 40 0 No

23 12 48 0.29 1 -1.99 -1.87 Yes 6 4 Go to Step 2 Go to Step 3 Rank 61 0 No

23 5 51 0.51 1 -2.12 -2.01 Yes 6 4 Go to Step 2 Go to Step 3 Rank 41 0 No

23 7 52 4.21 1 -1.53 -0.79 Yes 3.9 6 4 Stop 0.33 No

23 5 55 1.13 1 -2.2 -1.93 4 2.5 Go to Step 2 Go to Step 3 Rank 21 0 No

23 32 55 1.21 1 -1.3 -0.9 Yes 6 4 Go to Step 2 Go to Step 3 Rank 19 0 No

23 7 59 1.50 1 -1.88 -1.44 Yes 6 4 Go to Step 2 Go to Step 3 Rank 14 0 No

23 9 63 0.40 1 -1.29 -1.13 4 2.5 Go to Step 2 Go to Step 3 Rank 51 0 No

23 3 69 0.94 1 -1.22 -0.88 4 2.5 Go to Step 2 Go to Step 3 Rank 26 0 No

23 19 71 1.08 1 -2.14 -1.8 Yes 6 4 Go to Step 2 Go to Step 3 Rank 23 0 No

23 17 72 1.67 1 -1 -0.53 Yes 6 4 Go to Step 2 Go to Step 3 Rank 10 0 No

23 6 77 0.26 1 -1.78 -1.66 Yes 6 4 Go to Step 2 Go to Step 3 Rank 64 0 No

23 21 83 0.94 1 -1.16 -0.85 Yes 6 4 Go to Step 2 Go to Step 3 Rank 26 0 No

23 4 90 0.33 1 -1.11 -0.97 4 2.5 Go to Step 2 Go to Step 3 Rank 58 0 No

23 2 91 0.62 1 -0.95 -0.6 Yes 6 4 Go to Step 2 Go to Step 3 Rank 37 0 No

23 7 92 0.92 1 -1.15 -0.81 Yes 6 4 GotoStep 2 Goto Step 3 Rank 29 0 No

23 8 93 1.22 1 -0.8 -0.57 Yes 6 4 Go to Step 2 Go to Step 3 Rank 17 0 No

24 2 10 0.43 1 -1.46 -1.33 Yes 6 4 Go to Step 2 Go to Step 3 Rank 47 0 No

24 2 29 5.25 1 -4.58 -3.61 Yes 4.45 6 4 Stop 0.97 No

24 2 29 1.22 2 -2.42 -1.78 Yes 0.94 6 4 Go to Step 2 Go to Step 3 Rank 17 0.12 No

24 3 5 1.77 1 -1.85 -0.85 Yes 1.51 6 4 Stop 0.725 = No

24 3 12 0.44 1 -2.81 -2.69 Yes 6 4 Go to Step 2 Go to Step 3 Rank 46 0 No

24 3 12 0.94 2 -2.49 -2.28 Yes 6 4 Go to Step 2 Go to Step 3 Rank 26 0 No

24 3 17 0.39 1 -3.59 -3.38 4 2.5 Go to Step 2 Go to Step 3 Rank 53 0 No
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Table 2 - 2R1 1 In Situ Screening of W* Indications

PP Crack LC C ed Prior In Voltage Top 5 L >80% In situ
SG Row Col Volts No LCT UCT Depugged Situ Vcrit Vthr Step I Step 2 Step 3 Rank Voltage Rank TW MD Step 4 Req'd

Voltage Rq

24 4 18 0.47 1 -0.27 -0.09 4 2.5 Go to Step 2 Go to Step 3 Rank 45 0 No

24 4 35 1.07 1 -1.58 -1.37 Yes 6 4 Go to Step 2 Go to Step 3 Rank 24 0 No

24 5 31 0.61 1 -1.03 -0,83 4 2.5 Go to Step 2 Go to Step 3 Rank 39 0 No

24 5 36 0.4 1 -1.91 -1,76 4 2.5 Go to Step 2 Go to Step 3 Rank 51 0 No

24 5 37 1.54 2 -4.07 -3.63 Yes 6 4 Go to Step 2 Go to Step 3 Rank 13 0.365 No

24 5 37 0.27 1 -4.25 -4.10 Yes 6 4 Go to Step 2 Go to Step 3 Rank 63 0 No

24 5 53 1.78 1 -1.96 -1.54 4 2.5 Go to Step 2 Go to Step 3 Rank 8 0 No

24 6 33 0.87 1 -2.84 -2.61 4 2.5 Go to Step 2 Go to Step 3 Rank 31 0 No

24 7 4 0.62 1 -1.25 -1.06 Yes 6 4 Go to Step 2 Go to Step 3 Rank 37 0 No

24 7 38 1.98 1 -6.70 -6.31 Yes 6 4 Go to Step 2 Go to Step 3 Rank 5 GotoStep 4 0 Stop No

24 7 38 1.71 2 -4.33 -3.71 Yes 6 4 GotoStep2 Goto Step 3 Rank 9 0 No

24 7 53 0.3 1 -2.71 -2.53 4 2.5 Go to Step 2 Go to Step 3 Rank 60 0 No

24 13 4 0.42 1 -1.32 -1.20 4 2.5 Go to Step 2 Go to Step 3 Rank 48 0 No

24 13 40 1.65 1 -1.90 -1.51 Yes 6 4 Goto Ste 2 Go to Step 3 Rank 11 0.03 No

24 15 10 0.34 1 -1.04 -0.83 Yes 6 4 Go to Step 2 Go to Step 3 Rank 57 0 No

24 16 10 2.23 1 -2.36 -1.86 Yes 6 4 Go to Step 2 Go to Step 3 Rank 3 Go to Step 4 0 Stop No

24 20 47 1.79 1 -1.69 -1.25 Yes 6 4 Goto Step 2 Go to Step 3 Rank 7 0 No

24 24 26 1.17 1 -2.01 -1.69 4 2.5 Go to Step 2 Go to Step 3 Rank 20 0.17 No

24 25 64 1.64 1 -1.52 -1.20 Yes 6 4 Go to Step 2 Go to Step 3 Rank 12 0 No

24 26 45 1.12 1 -3.83 -3.50 4 2.5 Go to Step 2 Go to Step 3 Rank 22 0 _ No
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Column - Tables 1 and 2 Legend and Notes for Tables 1 and 2
SG Steam generator
Row Tube Row
Col Tube Column
PP Volts Peak voltage from Plus Point coil
Crack No Crack number
LCT Elevation (inch) of lower crack tip (LCT), relative to the top of tubesheet (TTS).
UCT Elevation (inch) of upper crack tip (UCT), relative to the TTS.
Crack length Length of crack (inch)
UCT ad] Adjusted elevation (inch) of the UCT relative to TTS, including ANDEcT.Ts (Plus Point NDE uncertainty on locating the crack tip relative to the TTS).
UCT below TTS? If the adjusted elevation of the UCT (including NDE uncertainty) is located below TTS, then the tube is a W* candidate.
W^ Zone W* tubesheet zone based on crack location.
W' Length W* length is 7.12 inch for hot leg Zone B and 5.32 inch for hot leg Zone A, and includes ANDEw (NDE uncertainty in measuring the W* depth).
BWT Elevation of the bottom of the WEXTEX transition (BWT), inch, measured by bobbin relative to the TTS.
UCT to BWT Distance (inch) from the UCT to BWT, minus ANDECT-BwT (Plus Point NDE uncertainty on locating the crack tip relative to the BWr).
UCT below W*? If the UCT is located below the WI length, then the tube is a Wv tube. Any type of degradation below the W* length is acceptable.
UCT below BWT? If the UCT Is located below BWT, then the tube is a W* candidate.
EOC (n+1) UCT to TTS Elevation (inch) of UCT relative to TTS at the end of the next operating cycle, based on growing the UCT at 0.115 inch/EFPY.
EOC (n+1) UCT below TTS? If the UCT is below TTS at the end of the next cycle, a free span Indication is precluded and the tube is a W* candidate.
W* Tube? If the UCT is below BWT and the EOC (n+l) UCT is projected to be below TTS at the end of the next cycle, then the tube is a W* tube.
Inspect Extent Elevation of Plus Point inspection relative to TTS (inch).
W* Inspect Dist We inspection distance (inch). This is the Plus Point inspection extent relative to BWT. The W* inspection distance below BWT is equal to the Plus

Point inspection extent below TTS, plus measured distance from BWT to TTS, plus bobbin NDE uncertainty in locating BWT relative to TTS. The W*
inspection distance must be greater than or equal to the flexible W* length.

Flex W* Length Flexible Wv length relative to BWT (inch), equal to W* Length + XCIi (total axial crack length) + NCL*ANDECL (number of indications times Plus Point
NDE uncertainty with measuring length of axial cracks) + NCLACG (number of indications times crack growth, 0.115 inch/EFPY)

CM Leak Rate Condition monitoring SLB leak rate, gpm at room temperature, based on distance of UCT to BWT, using Figure 6.4-3 of WCAP-14797 Rev 1. No
accident leakage is assigned to Indications with UCT below W* length.

EOC (n+1) UCT to BWT Distance (inch) of the UCT relative to BWT at end of the next cycle, minus ANDEcT.ewT (Plus Point NDE uncertainty on locating the crack tip relative
to the BWT), based on growing the UCT at 0.115 inch/EFPY. This entry is not applicable to Indications that are plugged.

OA Leak Rate Operational assessment leak rate, gpm at room temperature, at end of next cycle based on distance of EOC (n+1) UCT to BWT, using Figure 6.4-3 of
WCAP-1 4797 Rev 1. No accident leakage is assigned to an indication with UCT below W* length.

Previous W* Tube? If the indication was left in service in the prior cycle, it is classified as a repeat. Otherwise, the indication is new.
Tube Plugged? Tube was plugged during the current outage.
MD Maximum depth, percent through-wall, using TSP axial PWSCC depth sizing technique.
Deplugged? Tube was deplugged in a prior outage.
Prior In situ Voltage If prior in situ testing was performed, the Plus Point voltage of the indication in the outage that in situ leak testing was performed.
Vcrit Critical voltage for determining need for in situ testing
Vthr Threshold voltage for determining need for in situ testing
Steps I through 4 Logical steps used for screening indications for in situ testing
Voltage rank Plus Point voltage ranking of indications as required by in situ screening Step 3
Top 5 Voltage Rank Five largest Plus Point voltages are identified for further screening
L >80% TW MD The length of the indication that exceeds 80% maximum depth, based on Plus Point line by line sizing.
In situ Req'd? Identifies indications that require in situ leak testing based on the four step screening logic
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Table 3
DCPP Unit 2 Condition Monitoring Steam Line Break Leak Rates for Alternate Repair Criteria

EOC 11 Condition Monitoring Leak Rate | SG 2-1 SG 2-2 | SG 2-3 SG 2-4
(gpm at room temperature) I l I I

W* ARC 0.367 0.144 0.585 0.401
Voltage-Based ARC (Note 1) 0.682 0.362 0.211 3.21

PWSCC ARC 0 0 0 0
Non-ARC degradation (Note 2) 0 0 0 0.003

Aggregate ARC 1.049 0.506 0.796 3.614
Note 1: Voltage-based ARC leak rates are described in Enclosure 4.
Note 2: Non-ARC degradation leak rate of 0.003 gpm based on in situ leak test result for SG 2-4 R5C62
circumferential PWSCC in U-bend region (Enclosure 4).

Table 4
DCPP Unit 2 Operational Assessment Steam Line Break Leak Rates for Alternate Repair Criteria

EOC 12 Operational Assessment Leak Rate | SG 2-1 SG 2-2 | SG 2-3 SG 2-4
(gpm at room temperature) I l l I

W* ARC 0.407 0.171 0.702 0.509
Voltage-Based ARC (note 1) 0.72 0.60 0.48 2.81
Voltage-Based ARC (note 2) 1.95 1.41 1.16 9.58

PWSCCARC 0 0 0 0
Non-ARC degradation 0 0 0 0

Aggregate ARC (note 1) 1.127 0.771 1.182 3.319
Aggregate ARC (note 2) 2.357 1.581 1.862 10.089

Note 1: Leak rates calculated using DCPP Units 1 and 2 POPCD and voltage dependent growth for
voltage-based ARC (Enclosure 4).
Note 2: Worst case leak rates calculated using POD of 0.6 (POD of 1.0 for SG 2-4 R44C45) and voltage
dependent growth for voltage-based ARC (Enclosure 4).

Table 5
DCPP Unit 2 Prior Cycle W* ARC Leak Rate Predictions

I Predicted EOC 11 Leak Rate (from prior cycle OA) | SG 2-1 | SG 2-2 | SG 2-3 | SG 2-4
(gpm at room temperature) I

W*ARC 0.314 0.176 0.661 0.457
Note: Leak rates do not include leakage contribution of potential new flaws at EOC
W* ARC criteria.

11, in accordance with
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SPECIAL REPORT 03-02

TSP PWSCC ALTERNATE REPAIR CRITERIA 120 DAY REPORT

DIABLO CANYON POWER PLANT UNIT 2 ELEVENTH REFUELING OUTAGE

NRC Reporting Requirements

PWSCC alternate repair criteria (ARC) for axial PWSCC at dented tube support plates
(TSP) was implemented for the first time in DCPP Unit 2 during 2R1 1. 2R1 1 SG
inspections and repairs were completed in March 2003.

For implementation of ARC for axial PWSCC at dented TSPs, DCPP TS 5.6.1 O.h
requires that the results of the condition monitoring and operational assessments be
reported to the NRC within 120 days following completion of the inspection. This report
implements the DCPP TS reporting criteria.

To satisfy the TS, this report includes the following:

* Tabulations of indications found in the inspection, tubes repaired, and tubes left in
service under the ARC.

* Growth rate distributions for indications found in the inspection and growth rate
distributions used to establish the tube repair limits.

* Plus Point confirmation rates for bobbin detected indications when bobbin is relied
upon for detection of axial PWSCC in less than or equal to 2 volt dents.

* For condition monitoring, an evaluation of any indications that satisfy burst margin
requirements based on the Westinghouse burst pressure model, but do not satisfy
burst margin requirements based on the combined Argonne National Laboratory
(ANL) ligament tearing and throughwall burst pressure model.

* Performance evaluation of the operational assessment methodology for prediction
of flaw distributions as a function of flaw size.

* Evaluation results of number and size of previously reported versus new PWSCC
indications found in the inspection, and the potential need to account for new
indications in the operational assessment burst evaluation.

* Identification of mixed mode (axial PWSCC and circumferential) indications found in
the inspection and an evaluation of the mixed mode indications for potential impact
on the axial indication burst pressures or leakage. In addition, as committed in DCL-
02-045, performance of a trending analysis to assess the potential for increasing
mixed mode affects over time.

* Any corrective actions found necessary in the event that condition monitoring
requirements are not met.
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Tubes were pulled in 2R1 1 to satisfy voltage-based ARC requirements for axial ODSCC
at TSPs. As committed in PG&E letter DCL-02-045 and as noted in the NRC safety
evaluation in NRC letter to PG&E dated May 1, 2002, Attachment 1 of this enclosure
provides an evaluation of ligament tearing following the SLB leak test in the laboratory.

Dented TSP Plus Point Inspection Scope

The 2R11 Plus Point dent inspection scope was based on greater than 2 volt dents
called in the prior 2R1 0 outage, plus previously unidentified greater than 2 volt dents
called in 2R1 1. The greater than 2 volt dent population and number of greater than 2
volt dents inspected by Plus Point in 2R11 is provided in Table 1.

The dented TSP inspection criteria and expansion plan criteria described below are
based on PG&E letter to the NRC dated April 16, 2001, and WCAP-1 5573, Revision 1,
"Depth-Based SG Tube Repair Criteria for Axial PWSCC at Dented TSP Intersections -
Alternate Burst Pressure Calculation."

Plus Point inspection criteria for axial PWSCC left in service

Plus Point inspections shall be conducted on 100 percent of axial PWSCC indications
at dented TSP intersections that were left in service in Unit 2 Cycle 11. Thirty five axial
PWSCC indications had been left in service in Cycle 11 that were less than 40 percent
maximum depth.

Plus Point inspection criteria for >2 and <5 volt dents and for > 5 volt dents

On a SG-specific basis, Plus Point inspections shall be conducted on 100 percent of
> 5 volt dented intersections up to and including the highest hot leg TSP elevation
where PWSCC (at any size dent), circumferential indications (at any size dent), or axial
ODSCC not detected by bobbin (AONDB) (at > 5 volt dent) have been previously
detected in that SG in the prior two outages, or current outage (expansion required),
plus 20 percent of > 5 volt dents at the next higher TSP elevation. In each SG where
100 percent hot leg TSP Plus Point inspections are not required, Plus Point inspections
shall be conducted on 20 percent of > 5 volt dents at each hot leg TSP. For any 20
percent sample, a minimum of 50 > 5 volt dents shall be inspected. If the population of
> 5 volt dents at that TSP elevation is less than 50, then 100 percent of the > 5 volt
dents at that TSP shall be inspected.

On a SG-specific basis, Plus Point inspections shall be conducted on 100 percent of
> 2 and < 5 volt dented intersections up to and including the highest hot leg TSP
elevation where PWSCC (at any size dent), circumferential indications (at any size
dent), or > 2 inferred volt AONDB (at > 2 and < 5 volt dent) have been previously
detected in that SG in the prior two outages, or current outage (expansion required),
plus 20 percent of > 2 and < 5 volt dent at the next higher TSP elevation. If a SG is free
from PWSCC (at any size dent), circumferential indications (at any size dent) and > 2
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inferred volt AONDB (at > 2 and < 5 volt dent), then Plus Point inspections shall be
conducted on 20 percent of > 2 and < 5 volt dents at 1 H. For any 20 percent sample, a
minimum of 50 > 2 and < 5 volt dents shall be inspected. If the population of > 2 and
< 5 volt dents at that TSP elevation is less than 50, then 100 percent of the > 2 and < 5
volt dents at that TSP shall be inspected.

The highest TSP where PWSCC or circumferential indications have been found in the
prior two outages in Unit 2 is 5H for SG 2-2, 3H for SG 2-3, and 3H for SG 2-4. In SG
2-1, no PWSCC or circumferential indications have been detected. Because all
inferred bobbin voltages for AONDB indications have been less than 2 volts, AONDB
indications do not factor into the inspection scope. Based on this information, the
following Plus Point dent inspection criteria was implemented to meet the requirements
specified above.

> 5 volt dents:

* 100% in all SGs, both hot leg and cold leg.

>2 and <5 volt dents:

* SG 2-1: 20% at 1H
* SG 2-2: 100% from 1 H to 5H, 20% at 6H
* SG 2-3, 2-4: 100% from I H to 3H, 20% at 4H

In 2R1 1, no axial PWSCC was detected in SG 2-1, no axial PWSCC was detected
above 5H in SG 2-2, and no axial PWSCC was detected above 3H in SGs 2-3 and 2-4.
Therefore, no expansion of the Plus Point dent inspection program was required.

Plus Point inspection for less than or equal to 2 volt dents

One hundred percent of the tubes were inspected by bobbin coil, and the bobbin coil
was relied upon for detection of axial PWSCC in < 2 volt dents. As a result, Plus Point
inspection of < 2 volt dents was only required if the bobbin coil detected a distorted ID
support signal (DIS) at a dented TSP intersection. One hundred percent of DIS
indications were inspected by Plus Point.

Plus Point inspection criteria for detection of circumferential indications at dents

On a SG-specific basis, if a circumferential indication or > 2 inferred volt AONDB is
detected in a dent of ax" volts in the prior two outages, or current outage (expansion
required), then Plus Point inspections shall be conducted on 100 percent of dents
greater than ux - 0.3" volts up to the affected TSP, plus 20 percent of dents greater than
Ux - 0.3" volts at the next higher TSP. "X" is defined as the lowest dent voltage where a
circumferential crack or > 2 inferred volt AONDB was detected in that SG. For any 20
percent sample, a minimum of 50 "x - 0.3" volt dents shall be inspected. If the
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population of "x - 0.3" volt dents at that TSP elevation is less than 50, then 100 percent
of the "x - 0.3" volt dents at that TSP shall be inspected.

The smallest dent in which a Unit 2 circumferential crack has been detected in the prior
two outages was 3.1 volts (2R9 circumferential indication in SG 2-2). Thus, "x" = 3.1
volts, and "x - 0.3" = 2.8 volts. Since 2.8 volts is greater than 2 volts, the 2 volt dent
cutoff for 2R1 I Plus Point inspection was sufficient. In 2R1 1, six circumferential
indications at dented TSPs were detected, and the associated dent voltages were
greater than 5 volts. Therefore, no Plus Point expansion was necessary.

Tabulations of indications found in the inspection. tubes repaired. and tubes left in
service under the ARC.

62 axial PWSCC indications at dented TSP intersections were detected in 2R1 1. Table
5 provides a tabulation of indications, including the following information:

* For plugged indications, the reason for plugging

* Identifies the indication as repeat, new, or deplugged

* Adjusted NDE measurements of length, maximum depth, average depth, voltage,
and crack location relative to the TSP centerline.

* Operational assessment burst pressure (free span and total length) using the ANL
and Electric Power Research Institute (EPRI) burst model. A burst pressure of
6100 psi in Table 5 represents a predicted burst pressure 2 6100 psi since all
pressures predicted to exceed 6100 psi are grouped at 6100 psi to reduce computer
storage requirements in the analysis.

* Operational assessment SLB leak rate (free span and total length) using the ANL
ligament tearing model.

The PWSCC ARC allows axial PWSCC indications to remain in service at dented TSP
intersections if the following PWSCC ARC conditions are satisfied for each indication:

* OA free span burst pressure (based on the combined ANL ligament tearing and
EPRI throughwall burst pressure model) exceeds 3APNO. The 3APNO burst pressure
is equal to 4419 psi.

* OA total length burst pressure (based on the combined ANL ligament tearing and
EPRI throughwall burst pressure model) exceeds 1.4APSLB. The 1.4APsLB burst
pressure is equal to 3367 psi, based on a APSLB of 2405 psi (pressurizer PORV
setpoint plus uncertainty).
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* OA free span leak rate, when combined with free span leak rates from other
degradation mechanisms, is less than I gpm (0.7 gpm at room temperature) in a
faulted SG.

* OA total length leak rate, when combined with leak rates from other degradation
mechanisms, is less than 10.5 gpm (room temperature) in a faulted SG.

* The indication is less than 40% through-wall outside the TSP crevice.

In addition to the above PWSCC ARC conditions, axial PWSCC indications must satisfy
the following exclusion criteria in order to remain in service:

* The indication is not located at a TSP intersection located in the wedge region or
7H1/7C high bending stress region.

* The indication is not located at a TSP intersection that contains cracked or missing
TSP ligaments.

* The indication is not located at a TSP intersection that contains another degradation
mechanism.

* The indication is not located in a tube that contains another repairable indication.

Thirty-five axial PWSCC indications at dented TSPs had been left in service following
2R10 because they were less than 40% maximum depth in 2R10. Following 2R1 1 Plus
Point inspection, sizing, and application of PWSCC ARC requirements, 3 of the 35
repeat axial PWSCC indications were plugged. One indication was plugged due to
excessive Plus Point probe noise in the U-bend region. Two indications were plugged
due to combined ID and OD cracking at the same TSP location.

In 2R1 1, 27 new axial PWSCC indications at dented TSPs were detected, sized by Plus
Point, and applied to PWSCC ARC requirements. Twelve of these 27 axial PWSCC
indications were subsequently plugged. Four indications were plugged due to maximum
depths greater than or equal to 40% outside the TSP region. Five indications were
plugged due to combined ID and OD cracking at the same TSP location. Three
indications were plugged due to pluggable indications located elsewhere in the tubes
(i.e., the TSPs with axial PWSCC indications were acceptable for continued service):
two indications (one tube) were plugged due to circumferential PWSCC in the U-bend,
and one indication was plugged due to axial PWSCC in the tubesheet region that did
not meet W* ARC.

The indications that were located outside the TSP region were reviewed to determine
the need for in situ pressure testing in accordance with the criteria in WCAP-1 5128
Revision 1. Namely, if condition monitoring for axial PWSCC at dented TSPs predicts
free span leakage or free span burst pressures less than 3APNO, then in situ pressure
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testing is required. These conditions were not predicted by condition monitoring, and
therefore no in situ pressure testing of axial PWSCC at dents was required nor
performed.

In summary, 47 axial PWSCC indications at dented TSPs were returned to service in
2R1 1: 32 repeat indications and 15 new indications.

Growth rate distributions for indications used to establish the tube repair limits.

The growth rate distribution used to establish the tube repair limits was based on prior
outage growth data. The methodology for establishing the growth rate was established
in WCAP-1 5573, Revision 1 as further explained in PG&E letters DCL-02-023 and
DCL-02-045. The methodology is summarized below:

* If there are at least 200 points in each of the last two cycles on the unit being
inspected, the most conservative growth distribution from the last two cycles shall be
used.

* If there are at least 200 points over the last two cycles on the unit being inspected,
the growth distribution to be used is the more conservative of the combined data or
either of the two cycles.

* If there are less than 200 points over the last two cycles on the unit being inspected,
the growth distribution to be used shall contain data from both units over the last two
(or three if necessary) cycles of each unit until 200 data points are obtained. The
data from each cycle is compared for consistency in growth magnitude. If a given
cycle has lower growth rates than other cycles, it is not included in the growth
distribution.

For 2R1 1, the third bullet applies. There are 262 data points over the last two cycles
from each unit representing data from 2R9 (15), 1 RIO (83), 2R1 0 (45), and I RI 1 (119).
The oldest growth data, that is, data from 1 R8, 2R8, and 1 R9 (total of 76 growth rate
data points), does not require evaluation and is excluded per the above methodology
because over 200 data points are already available from the more recent inspections.
For each remaining data set (2R9, 1 RI0, 2R10, and 1RI1), cumulative growth
distributions were developed and compared for length, maximum depth, and average
depth. The prior cycle growth rate cumulative probability distributions (CPD) are
provided in Table 2, and depicted in Figures 1, 2, and 3. For length, the 1 RI 1 growth
rates were the lowest. For MD and AD, the 1 RI0 and 1 RI I growth rates were the
lowest. Per the ARC methodology, these data sets were evaluated for exclusion.
PG&E determined that exclusion of these Unit I data sets would result in minimal
number of Unit 1 data points remaining in the growth distributions. Therefore, instead
of excluding any data, a lower bound growth distribution of all data sets was applied,
which is more conservative than excluding data. The lower bound CPD distribution was
obtained as the point-by-point lower bound for each of the four CPDs. The cumulative
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combined growth rate CPD is provided in Table 2 (and Figures 4, 5, and 6), and was
used in the 2R1 Monte Carlo operational assessment calculations for determining the
need for tube repair.

The average Thot in Unit 2 Cycle I1 was 603 degrees F. The average Thot in Unit I
Cycle 11 was 604 degrees F and the I R11 growth rates were adjusted using the
Arrhenius equation to account for differences in Thot between Unit 1 and Unit 2.

Growth rate distributions for indications found in the inspection

In accordance with WCAP-1 5573, Revision 1, growth rates that could impact the upper
tail of the growth distribution were evaluated during 2R1I. The methodology requires
that if new growth data cause the growth distribution above 90 percent probability to be
more conservative, the new data is added to the growth distribution for the operational
assessment.

Forty-nine additional growth rate data points were established in 2R1 1, 35 from repeat
indications and 14 from new indications. The CPD of the 2R1 1 growth data is provided
in Table 2 and in Figures 4, 5, and 6. The growth rates used in the OA bound the 2R11
growth rates, and shown in Figures 4, 5, and 6.

Table 3 provides the 90 percentile growth values per EFPY at 603 degrees F for 2R9,
1R10, 2R10, IR11, 2R11, and lower bound 2R9 to 1R11 (the data set used in the 2R11
Monte Carlo OA calculations). The 90 percentile values of the 2R11 growth rates were
significantly less than the values used in the OA data set, such that adding the 2R1 1
growth data to the OA data set was not required.

Plus Point confirmation rates for bobbin detected indications when bobbin is relied upon
for detection of axial PWSCC in less than or equal to 2 volt dents.

In 2R1 1, the bobbin coil was relied upon for detection of axial PWSCC in less than or
equal to 2 volt dents. As identified in Table 4, there were 525 DIS indications detected
by bobbin at TSP intersections with non-repeat PWSCC indications. Tracking of Plus
Point confirmation rates for repeat PWSCC indications tubes is not required because
these known flaws are inspected by Plus Point regardless of the bobbin call.

All DIS indications were inspected by Plus Point. Only 14 of the 525 DIS indications
were confirmed as PWSCC by Plus Point, for a Plus Point confirmation rate of
2.7 percent, or a 97.3 percent bobbin overcall rate. The high bobbin overcall rate is
greater than the approximately 90% overcall rate generated during the bobbin coil
performance test documented in WCAP-1 5573, Revision 1. The high bobbin overcall
rate is overly conservative to establish a high probability of detecting significant axial
PWSCC indications in less than or equal to 2 volt dents.

For condition monitoring. an evaluation of any indications that satisfy burst margin
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requirements based on the Westinahouse burst pressure model, but do not satisfy
burst margin requirements based on the combined ANL ligament tearing and
throughwall burst pressure model.

This item is not applicable, because all indications satisfied condition monitoring burst
margin requirements based on the combined ANL ligament tearing and EPRI
throughwall burst pressure model as shown in Table 5. The total length condition
monitoring burst requirement for EOC 11 was 3367 psi at 1.4 APsLB, based on APSLB Of
2405 psi (pressurizer PORV setpoint plus uncertainty). The free span length condition
monitoring burst requirement for EOC 11 was 4419 psi, based on 3 times the normal
operating pressure differential.

Performance evaluation of the operational assessment methodology for prediction of
flaw distributions as a function of flaw size.

Even though the ARC was not in effect in Unit 2 Cycle 11, benchmarking was
performed of the 35 repeat indications that had been left in service in Unit 2 Cycle 11
because they were less than 40 percent maximum depth in 2R10. All projected
EOC 11 burst pressures for these indications exceeded the default free span and total
length burst pressure of 6100 psi, using the ANUEPRI model. No SLB leakage was
projected at EOC 11 for any of these indications, using the ANL ligament tearing
leakage model. The EOC 11 projections used all DCPP Units 1 and 2 growth rate data
through 2R10 (219 data points). The actual EOC 11 condition monitoring burst
pressure of these 35 indications also exceeded the default free span and total length
burst pressure of 6100 psi using the ANUEPRI model, and had no SLB leakage using
the ANL ligament tearing leakage model. Based on this performance evaluation via
benchmarking, the operational assessment methodology is determined to be
adequately conservative.

Evaluation results of number and size of Previouslv reported versus new PWSCC
indications found in the inspection. and the potential need to account for new
indications in the operational assessment burst evaluation.

As discussed above, there were 62 axial PWSCC indications detected in 2R1 1: 35
repeat indications and 27 new indications. Seventeen of the new indications had prior
Plus Point inspections in 2R1 0, of which 14 were detectable based on a lookup of the
2R1 0 data. Ten of the new indications had no prior Plus Point inspection. Because the
number of new flaws is relatively small and all new indications have OA burst pressures
well in excess of burst margin requirements, there is no need to account for new
indications in the OA burst evaluation.

Identification of mixed mode (axial PWSCC and circumferential) indications found in the
inspection and an evaluation of the mixed mode indications for potential impact on the
axial indication burst pressures or leakage. In addition. performance of a trending
analysis to assess the potential for increasing mixed mode affects (e.g.. circumferential
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crack depths. burst pressure reductions, increased leakage rates) over time.

For PWSCC ARC, a mixed mode indication is defined as an axial PWSCC indication
and a circumferential indication (either PWSCC or ODSCC) occurring at the same
dented TSP intersection. No mixed mode indications (axial PWSCC and
circumferential PWSCC) were detected during 2R1 1. Because no mixed mode
indications were detected, no actions are needed to adjust burst margin requirements
or SLB leak rates. The following conditions require evaluation to determine the need
for corrective actions.

* If an interacting mixed mode indication is found to have led to a reduction in the
axial indication burst pressure by more than 10 percent and to less than 4000 psi, or
to have caused an indication to not satisfy burst margin requirements, the burst
margin requirements for implementation in the OA at the next and subsequent
outages must be increased by the percentage reduction in the burst pressure found
for the mixed mode indication. As discussed above, because no mixed mode
indications were detected in 2R1 1, there are no corrective actions needed to adjust
burst margin requirements for future operational assessments.

As discussed above, because no mixed mode indications were detected in 2R1 1,
there are no corrective actions needed to adjust burst margin requirements for
future operational assessments.

* If an interacting mixed mode indication is found, and the axial indication condition
monitoring predicts SLB leakage at 95/50, and the circumferential indication has
> 50 percent average depth including NDE uncertainty, then the CM leak rate for the
axial indication must be increased by a leakage factor. In addition, the OA SLB leak
rate for each SG must be increased by a leakage factor. As discussed above,
because no mixed mode indications were detected in 2R1 1, there are no corrective
actions needed to adjust SLB leak rates for CM or OA.

As discussed above, because no mixed mode indications were detected in 2R1 1,
there are no corrective actions needed to adjust SLB leak rates for CM or OA.

* If a previously Plus Point inspected TSP intersection is found to have a
circumferential indication with average depth > 80 percent after accounting for NDE
uncertainty, then the OA SLB leak rate for each SG must be increased by a leakage
factor.

All circumferential indications detected in 2R1 I were previously Plus Point inspected
in 2R1 0. The deepest 2R1 I circumferential indication (SG 2-2 R3C30 I H) was
53 percent average depth, including NDE uncertainty, less than the 80 percent
average depth threshold. Therefore, no corrective actions are needed to adjust the
OA SLB leak rates.
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In response to NRC request for additional information, PG&E letter DCL-02-045 dated
April 18, 2002, committed to perform a trending analysis in the 120 day report to assess
the potential for increasing mixed mode affects (e.g., circumferential crack depths, burst
pressure reductions, increased leakage rates) over time. Since no burst pressure
reductions or leakage rate multipliers have been required, there is no data to trend for
these parameters. Trending of circumferential depths and number of circumferential
indications is provided in Figures 7, 8, and 9. Figure 7 provides all DCPP Units 1 and 2
TSP PWSCC and ODSCC circumferential indication measured 'adjusted" average
depths versus year detected. The adjustments do not include NDE uncertainty. The
average depths show a fairly flat trend line. Figure 8 data is a subset of Figure 7,
showing the mixed mode circumferential indication average depths versus year
detected. Only one mixed mode circumferential indication has been detected in an
axial PWSCC indication that had been returned to service (in 1RI1, SG 1-2 RIIC81).
The Figure 8 average depths show a decreasing trend line. Figure 9 provides the
cumulative distribution of the number of DCPP Units 1 and 2 TSP PWSCC and ODSCC
circumferential indications detected over time. The trend does not indicate a large
increase in the numbers of circumferential indications in recent inspections.

This trending assessment does not indicate a need to modify any mixed mode
evaluation criteria such as applying the criteria that could lead to an increase in the
burst margin requirements.

Any corrective actions found necessary in the event that condition monitoring
requirements are not met.

This item is not applicable because condition monitoring requirements were satisfied.

Condition monitoring requirements for active tubes are satisfied for burst and leakage;
therefore no corrective actions are required. All CM burst pressures for active tubes
exceeded 5750 psi using the ANUEPRI throughwall model, at 95 percent probability
and 50 percent confidence (95/50). There was no CM SLB free span or total length
leakage at 95/50 for active tubes.

Tube Dull ligament tearing evaluation.

Tubes were pulled in 2R11 to satisfy TSP ODSCC ARC requirements. As committed in
PG&E letter DCL-02-045 and as noted in the NRC safety evaluation in NRC letter to
PG&E dated May 1, 2002, Attachment 1 to this Enclosure provides an evaluation of
ligament tearing following the SLB leak test in the laboratory. The attachment results
show that the ligament tearing model very conservatively over predicts the ligament
tearing measured for the pulled tubes.
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Table I
> 2 Volt Dent Population and Number Plus Point Inspected in 2R11

2 to 5 volt Dents and Number Inspected (shaded)
TSP SG 2-1 SG 2-2 SG 2-3 SG 2-4 Total Inspected
1H 4 7 7 1 99
2H 1 22 '3 _ _ _ 28
3H 2 2 8 2 38
4H 2 9 - ____i 4 45
5H 3 2 1 2 2
6H 1 , 0 9 1 0
7H 17 12 10 38 0

TOTAL 30 164 40 77 212

>= 5 volt Dents and Number Inspected (shaded)
TSP SG 2-1 SG 2-2 SG 2-3 SG 2-4 Total Inspected
1H "0 330 - . 331

2H 07018
3H 0 -1 ; '27 29
4H 01 07 1 - . : 89
5H 2 _____ 0J 0 2
6H 0 0 0 0 0
7H . 0 0' 2 . 5 7

7C 0 0 '1. 0 1

4C 0 0
3000 0

2C 0 '
I C 0 01

TOTAL 2 425 12 35 474
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Table 2
Axial PWSCC Cumulative Probability Distribution (CPD) Growth Rates per EFPY

at 603F for Length, M aximum Depth, and Average Depth
2R9CPD IRI0CPD 2R10 CPD IR11 CPD (usedfor Cycle2 OA) 2R11 CPD

Length Bin (inch) X _ l

0 0.533 0.289 0.178 0.647 0.178 0.388
0.01 0.600 0.337 0.333 0.756 0.333 0.469
0.02 0.667 0.470 0.444 0.832 0.444 0.735
0.03 0.867 0.590 0.689 0.882 0.590 0.796
0.04 0.867 0.687 0.800 0.908 0.687 0.837
0.05 0.867 0.771 0.911 0.950 0.771 0.898
0.06 0.867 0.819 0.956 0.966 0.819 0.959
0.07 0.867 0.892 0.956 0.992 0.867 0.959
0.08 0.933 0.928 0.978 1.000 0.928 1.000
0.09 1.000 0.976 0.978 1.000 0.976 1.000
0.1 1.000 0.976 0.978 1.000 0.976 1.000

0.11 1.000 0.976 0.978 1.000 0.976 1.000
0.12 1.000 0.988 1.000 1.000 0.988 1.000
0.13 1.000 1.000 1.000 1.000 1.000 1.000

MD Bin (% TW fraction)
0 0.333 0.554 0.311 0.496 0.311 0.612

0.01 0.400 0.651 0.333 0.571 0.333 0.633
0.02 0.400 0.723 0.378 0.672 0.378 0.673
0.03 0.467 0.783 0.422 0.748 0.422 0.673
0.04 0.467 0.843 0.422 0.782 0.422 0.714
0.05 0.600 0.880 0.489 0.824 0.489 0.816
0.06 0.600 0.904 0.511 0.857 0.511 0.837
0.07 0.667 0.952 0.644 0.899 0.644 0.898
0.08 0.800 0.964 0.733 0.916 0.733 0.939
0.09 0.867 0.976 0.800 0.958 0.800 0.959
0.1 0.867 0.976 0.822 0.975 0.822 0.980
0.11 0.933 0.988 0.867 0.983 0.867 1.000
0.12 0.933 0.988 0.911 0.992 0.911 1.000
0.13 0.933 0.988 0.911 0.992 0.911 1.000
0.14 0.933 0.988 0.933 1.000 0.933 1.000
0.15 0.933 1.000 0.956 1.000 0.933 1.000
0.16 0.933 1.000 0.956 1.000 0.933 1.000
0.17 0.933 1.000 0.978 1.000 0.933 1.000
0.18 1.000 1.000 0.978 1.000 0.978 1.000
0.19 1.000 1.000 1.000 1.000 1.000 1.000

AD Bin (% TW fraction)
0 0.200 0.458 0.311 0.387 0.200 0.551

0.01 0.400 0.614 0.378 0.529 0.378 0.653
0.02 0.467 0.747 0.422 0.697 0.422 0.776
0.03 0.467 0.771 0.489 0.739 0.467 0.816
0.04 0.600 0.843 0.556 0.790 0.556 0.816
0.05 0.667 0.904 0.689 0.857 0.667 0.898
0.06 0.733 0.940 0.711 0.899 0.711 0.898
0.07 0.733 0.952 0.822 0.916 0.733 0.898
0.08 0.733 0.964 0.844 0.950 0.733 0.939
0.09 0.867 0.988 0.889 0.958 0.867 0.980
0.1 0.867 0.988 0.911 0.975 0.867 0.980
0.11 0.933 1.000 0.911 0.975 0.911 1.000
0.12 0.933 1.000 0.956 0.983 0.933 1.000
0.13 0.933 1.000 0.956 0.983 0.933 1.000
0.14 0.933 1.000 0.956 1.000 0.933 1.000
0.15 1.000 1.000 0.956 1.000 0.956 1.000
0.16 1.000 1.000 0.978 1.000 0.978 1.000
0.17 1.000 1.000 0.978 1.000 0.978 1.000
0.18 1.000 1.000 0.978 1.000 0.978 1.000
0.19 1.000 1.000 0.978 1.000 0.978 1.000
0.2 1.000 1.000 1.000 1.000 1.000 1.000
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Table 3
90 Percentile Growth Rates per EFPY at 603F

Cycle Data points Length (inch) MD % AD %
2R9 15 0.07 11 11
1IR10 83 0.07 6 5
2R10 45 0.05 12 10
1R1I 119 0.04 7 6

Lower Bound 2R9 to 1 R1 I (OA data set) 262 0.08 12 11
2R11 49 0.05 7 7

Table 4
DIS Confirmation Rates

l ____________________________ _ | SG 2-1 SG 2-2 SG 2-3 SG 2-4 Total
Number of bobbin DIS (excludes repeat 71 272 108 74 525

PWSCC indications)
Number of new PWSCC indications 0 10 1 3 14

confirmed by Plus Point
Plus Point confirmation rate 0% 3.7% 0.9% 4.1% 2.7%

Bobbin DIS overcall rate 100% 92.3% 99.1% 95.9% 97.3%
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Table 5 - 2R1 1 Axial PWSCC Indications at Dented Tube Support Plate Intersections - Adjusted NDE
PWSCC ARC Operational Assessment Burst and Leakage Monte Carlo Calculations (ANLIEPRI Burst Model)

SG Row Cot TSPCrack Cal. Reason for 2R1 I Length Max. Avg. Max. FS Burst FS Total Length Total Length|SG Row|Col TSP CNo. Num. Type Plugging (in.) Depth Depth Vohs From To Pressure Leakage Burst Leakage
(% (% psi gpm Pressure psi gpm

2 2 19 1H 1 51 new 0.12 37 24.5 0.54 0.06 0.18 6100 0.000 6100 0.000
2 2 23 1H 1 13 repeat Ubend RMS noise 0.08 22 12.9 0.42 -0.01 0.07 6100 0.000 6100 0.000
2 2 41 1H 1 60 new 0.19 25 16.7 0.40 0.47 0.66 6100 0.000 6100 0.000
2 4 28 1H 1 13 repeat 0.24 30 21.7 0.74 -0.01 0.23 6100 0.000 6100 0.000
2 4 34 4H 1 13 repeat 0.12 36 21.2 0.24 0.09 0.21 6100 0.000 6100 0.000
2 5 3 1H 1 13 repeat 0.26 20 11.9 0.40 -0.24 0.02 6100 0.000 6100 0.000
2 5 26 1H 1 13 repeat 0.15 20 11.6 0.54 -0.33 0.18 6100 0.000 6100 0.000
2 5 28 1H 1 51 new >= 40% outside TSP 0.17 46 32.5 1.22 -0.51 0.34 6100 0.000 6100 0.000
2 5 33 1H 1 13 repeat 0.12 22 12.5 0.65 -0.31 0.19 6100 0.000 6100 0.000
2 6 24 1H 1 13 repeat 0.21 33 23.8 0.52 -0.35 0.14 6100 0.000 6100 0.000
2 6 31 1H 1 13 r 0.12 30 17.8 0.35 -0.39 0.27 6100 0.000 6100 0.000
2 6 36 1H 1 13 repeat 0.12 20 10.5 0.38 -0.21 0.09 6100 0.000 6100 0.000
2 6 49 1H 1 50 new 0.08 53 33.6 0.37 -0.25 0.17 6100 0.000 6100 0.000
2 7 5 1HI 1 62 new 0.17 33 21.3 0 .41 -0.08 0.09 6100 0.000 6100 0.000
2 7 27 1H 1 13 repeat 0.15 33 23.3 0.32 0.12 0.27 6100 0.000 6100 0.000
2 7 32 1H 1 13 repeat 0.18 28 17.6 0.69 -0.33 0.15 6100 0.000 6100 0.000
2 8 17 1H 1 45 new >= 40% outside TSP 0.17 45 34.7 0.74 -0.66 0.49 6100 0.000 6100 0.000
2 8 36 1H 1 13 repeat 0.49 28 19.8 0.75 -0.27 0.22 6100 0.000 6100 0.000
2 8 43 4H 1 13 repeat 0.11 33 20.9 0.60 -0.09 0.02 6100 0.000 6100 0.000
2 8 52 1H 1 56 new 0.17 36 20.1 0.84 0.37 0.54 6100 0.000 6100 0.000
2 9 32 1H 1 13 repeat 0.10 39 21.5 0.59 -0.14 0.04 6100 0.000 6100 0.000
2 10 19 4H 1 154 new Ubend circ PWSCC 0.26 42 32.7 0.78 0.05 0.31 6100 0.000 5925 0.000

2 10 19 4H 2 154 new Ubend circ PWSCC 0.18 42 22.0 0.29 0.18 0.36 6100 0.000 6100 0.000
2 10 21 4H 1 45 new 0.17 28 12.7 0.31 -0.29 0.12 6100 0.000 6100 0.000
2 11 30 1H 1 40 new 0.17 29 18.5 0.47 -0.26 0.09 6100 0.000 6100 0.000
2 12 39 1H 1 13 repeat 0.11 28 15.3 0.64 -0.19 0.08 6100 0.000 6100 0.000
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Table 5 - 2R1 1 Axial PWSCC Indications at Dented Tube Support Plate Intersections - Adjusted NDE
PWSCC ARC Operational Assessment Burst and Leakage Monte Carlo Calculations (ANL/EPRI Burst Model)

SG Row Col T P Crack Cal Reason for R1 I Length M ax. Avg. Ma FS Burst FS Total Length Total Length
SG Row Col TSP Crack Num. Type Reasongfor2R11 Leng)h Depth Depth Mah |From To Pressure Leakage Burst Leakage

No. Num. Plugging (in.) ) (%/) Vlspsi gpm Pressure psi gpm

2 12 71 1H 1 21 new ID/OD IH 0.11 37 24.6 0.39 -0.23 0.12 6100 0.000 6100 0.000
2 13 25 3H 1 13 repeat 0.13 39 25.8 0.53 -0.15 0.02 6100 0.000 6100 0.000
2 13 41 1H 1 13 repeat 0.21 28 19.9 0.60 -0.17 0.04 6100 0.000 6100 0.000
2 14 45 1H 1 13 repeat 0.11 20 10.4 0.41 -0.11 0.00 6100 0.000 6100 0.000
2 15 22 1H 1 13 repeat 0.16 22 12.7 0.39 -0.09 0.07 6100 0.000 6100 0.000
2 15 42 1H 1 13 repeat 0.18 30 16.4 0.46 -0.05 0.13 6100 0.000 6100 0.000
2 15 51 1H 1 13 repeat 0.11 20 9.4 0.26 -0.18 0.07 6100 0.000 6100 0.000
2 16 49 1H 1 13 repeat 0.17 25 17.1 0.71 -0.20 0.03 6100 0.000 6100 0.000
2 17 12 1H 2 13 new 0.13 20 11.3 0.31 -0.14 - 0.01 6100 0.000 6100 0.000
2 17 12 1H 1 13 repeat 0.12 28 17.2 0.58 0.11 0.23 6100 0.000 6100 0.000
2 19 15 1H 1 13 repeat 0.15 20 12.2 0.45 -0.07 0.08 6100 0.000 6100 0.000
2 19 17 1H 1 13 reat 0.35 42 30.0 0.84 -0.50 0.15 6100 0.000 5752 0.000
2 21 35 2H 1 62 new 0.33 23 12.5 0.55 -0.22 0.11 6100 0.000 6100 0.000
2 21 40 1H 1 13 repeat 0.19 20 10.9 0.59 -0.29 0.10C 6100 0.000 6100 0.000
2 21 41 1H 1 13 repeatI 0.19 28 16.8 0.44 0.13 0.32 6100 0.000 6100 0.000
2 22 44 4H 1 13 repeat 0.14 20 10.3 0.40 -0.36 - 0.22 6100 0.000 6100 0.000
2 22 55 1H 1 54 new 0.13 20 13.9 0.44 0.12 0.25 6100 0.000 6100 0.000
2 22 67 2H 1 63 new ID/OD 2H 0.23 38 24.8 0.91 -0.17 0.06 6100 0.000 6100 0.000
2 24 58 2H 1 63 new ID/OD 2H 0.07 20 12.8 0.29 -0.14 0.07 6100 0.000 6100 0.000
2 25 44 5H 1 13 repeat 0.15 20 12.0 0.47 -0.12 0.03 6100 0.000 6100 0.000
2 26 38 1H 1 34 new >= 40% outside TSP 0.20 40 25.6 0.81 0.40 0.60 6100 0.000 6100 0.000
2 28 38 1H 1 13 repeat ID/OD 1H 0.16 33 17.6 0.44 -0.15 0.01 6100 0.000 6100 0.000
2 31 39 1H 1 39 new >= 40% outside TSP 0.17 48 29.0 0.54 -0.64 0.47 6100 0.000 6100 0.000
2 34 38 1H 1 38 new 0.12 32 17.8 0.50 0.41 0.53 6100 0.000 6100 0.000
3 8 66 1H 1 69 new ID/OD IH 0.11 20 14.5 0.43 -0.04 0.07 6100 0.000 6100 0.000
3 21 78 3H 1 17 repeat 0.28 20 14.5 0.88 -0.28 0.00 6100 0.000 6100 0.000
3 29 41 3H 1 69 new 0.12 20 11.0 0.45 -0.07 0.05 6100 0.000 6100 0.000
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Table 5 - 2R1 1 Axial PWSCC Indications at Dented Tube Support Plate Intersections - Adjusted NDE
PWSCC ARC Operational Assessment Burst and Leakage Monte Carlo Calculations (ANL/EPRI Burst Model)

SG Row C l TSP Ca~k Cal.Reason or 2R1 ' Length Max. Avg. FS Burst FS Total Length Total Length
SG Row Col TSP CraockNum. Type ReasPoluggin2R11 Length Depth Depth VoMx From To Pressure Leakage Burst LeakageNo. Num. Plugging (in.) ) (%/) Vlspsi gpm Pressure psi gpm

3 45 56 1H 1 17 repeat | 0.12 20 8.9 0.49 0.17 0.29 6100 0.000 6100 0.000
4 3 12 3H 1 80 new _ 0.23 32 18.4 1.12 -0.201 0.03 6100 | 0.000 6100 0.000

4 4 18 3H 1 80 new TubesheetPWSCC 0.15 20 12.9 0.69 -0.09 0.06 6100 0.000 6100 0.000
4 5 15 1H 1 80 new | 0.08 20 13.8 0.30 -0.04 0.04 6100 0.000 6100 0.000

4 6 38 3H 1 54 new 0.18 21 13.8 0.68 0.37 0.55 6100 0.000 6100 0.000
4 12 17 3H 1 29 repeat 0.08 20 10.0 0.66 0.14 0.22 6100 0.000 6100 0.000
4 14 53 3H 1 29 repeat _ 0.10 20 8.5 D0.31 -0.030.07 6100 0.000 6100 0.000
4 16 11 3H 1 29 repeat ID/OD3H 0.26 30 17.2 0.72 -0.19 0.07 6100 0.000 6100 0.000
4 34 43 3H 1 44 new ID/OD 3H, >2v DOS 2H 0.39 36 22.8 0.65 -0.30 0.09 6100 0.000 6100 0.000
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Figure 1 - Comparison of Prior Cycle PWSCC Length
Growth Rates
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Figure 2 - Comparison of Prior Cycle PWSCC
Maximum Depth Growth Rates
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Figure 3 - Comparison of Prior Cycle PWSCC
Average Depth Growth Rates
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Figure 4 - Comparison of OA and 2R1 I PWSCC
Length Growth Rates
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Figure 5 - Comparison of OA and 2R11 PWSCC
Maximum Depth Growth Rate
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Figure 6 - Comparison of OA and 2R1 I PWSCC
Average Depth Growth Rate
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Figure 7

Circumferential Average Depth Trending
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Figure 8

Circumferential Mixed Mode Average Depth Trending
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Figure 9
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Diablo Canyon Ligament Tearing Model

Diablo Canyon Ligament Tearing & Leak Rate Model

1.0 Introduction

The Reference 1 report documented the development of depth based alternate repair criteria
(ARC) for the disposition of axial primary water stress corrosion cracking (PWSCC) of steam
generator (SG) tube indications at dented tube support plate (TSP) intersections in Westinghouse
Model 51 SGs with drilled hole TSPs. The Reference 2 report provided information inclusive of
and in addition to that of Reference 1 to support the technical bases for the use of the ARC in the
presence of potential mixed mode indications. A significant feature of the ARC methodology is a
model for predicting radial ligament tearing of the axial indications to obtain the associated leak
rate during postulated steam line break (SLB) conditions. A proviso of the implementation of the
ARC at the Diablo Canyon Nuclear Power Plant (DCPP) is the comparison of model predicted
leak rates to those obtained by testing indications in tube sections removed from the DCPP SGs.
Two tube sections were removed for examination and testing during the 2R1 1 outage at the DCPP.
Destructive examination of the tubes was performed by Framatome ANP and the results of the
examinations were provided to the Nuclear Services Division of the Westinghouse Electric
Company for comparison with predictions from the analytic model.

2.0 Monte Carlo Simulation of Degradation Leak Rates

The following information is a repeat of the discussion of References 1 and 2 and is included
herein to familiarize the reader with the features of the ligament tearing and leak rate models. A
Monte Carlo simulation model is applied for estimating the leak rate through degraded tubes
during a postulated steam line break (SLB) event. The Monte Carlo model uses the NDE crack
profiles obtained for each indication including simulation sample adjustments for maximum depth
and length NDE uncertainties for condition monitoring and maximum depth NDE uncertainties,
length NDE uncertainties and maximum depth growth for operational assessments. Calculations
may be performed to obtain the leakage distribution for a single indication or for the entire SG
indication distribution. The Monte Carlo leakage model includes:

1. The crack profile is searched for the longest lengths that would be predicted to break
through by ligament tearing at SLB conditions. The profile is evaluated three times. In
general, the weakest ligament of the crack will be near the center of the crack. Once that
torn length has been identified, the profile of the crack above and below the torn length is
evaluated to determine if a second or third location is anticipated to tear.

2. The ANL (Argonne National Laboratories) model, Reference 5 for ligament tearing is used
to estimate the throughwall length(s) of the indication, See Section 3.0.

3. The Westinghouse computer code CRACKFLO is used to calculate a model value of the
leak rate using the throughwall length(s) calculated using the ANL tearing model.
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4. The leak rate correlation is applied to calculate a random value of the leak rate distributed
about the regression line.

5. The distribution of leak rates from each of the random samples is developed and evaluated
at the required confidence level (See Section 7 of Reference 2 for ARC requirements on
confidence levels) for the analysis.

6. The combined use of a ligament tearing model and CRACKFLO leak rates results in a
conservative overestimate of the leak rate.

As described in Section 6.2.1 of Reference 2, the CRACKFLO crack opening model includes a
calculation for crack extension at the crack tip, which is also effectively part of the ligament
tearing effect. Leakage is therefore based on a longer length than that obtained only from the
ligament tearing model and the predicted leak rates are inherently conservative. In addition,
PWSCC cracks are initiated as multiple microcracks which grow to link up with other microcracks
to form the overall macrocrack. Crack depths vary significantly between microcracks such that
non-throughwall depths vary sharply over short spans. As a consequence, leak tests of corrosion
induced cracks rarely show ligament tearing for more than about 2% of the wall thickness where
the depth is the largest. The ligament tearing models are based on uniform average depths and
typically predict breakthrough at shallower depths and longer lengths than found in tests of
corrosion cracks. This effect adds further conservatism to the predicted leak rates. That is, leak
rates would be over-predicted due to the CRACKFLO crack extension beyond that of the ANL
ligament tearing model and due to the analytical models predicting more ligament tearing than
indicated by leak tests of corrosion cracks with non-uniform depth profiles.

3.0 Ligament Tearing Model

The ligament tearing model for part-throughwall cracks is based on modifying the stress intensity
magnification factor presented in Reference 3 to be used for predicting the burst pressure of SG
tubes with axial, throughwall cracks. The pressure to cause burst of a tube with a single
throughwall axial crack, PB, is predicted by the following equation,

P =P (1)

where Po is the burst pressure of the non-degraded tube and m is referred to as the hoop stress or
fracture mechanics stress intensity magnification factor. The factor m is also referred to as the
bulging factor because it accounts for radial outward deformation of the crack flanks as a function
of the crack length, L, the mean radius of the tube, Rm, and the thickness of the tube, t. Reference 3
reported m to be predicted by the following,

m = 0.614 + 0.386 e&-25X + 0.481 X, (2)

where X is the normalized crack length given by,

; 0.9089L (3)
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Diablo Canyon Ligament Tearing Model

This expression for m was the result of a regression analysis of data obtained from numerical
solutions of theoretical models of axial cracks. Hence, it represents a theoretical solution to the
problem of burst of axially cracked tubes. The constant in the numerator is a function of the
Poisson's ratio of the material.

3.1 Ligament Tearing Breakthrough Model

The authors of Reference 4 reported reviewing several models for predicting the pressure required
for tearing the remaining ligament of a part-throughwall axially cracked tube based on modifying
the above formulation to use a part-throughwall stress intensity magnification factor, mp. The
inverse of the stress intensity magnification factor is a failure or tearing pressure reduction factor,
herein designated by ,. Thus, the pressure required to tear the remaining radial ligament of a part-
throughwall axial crack, PT, is found as,

P
Pr, = =4 Po. *(4)

Reference 4 also presented a review of various formulations for mp and recommended a final
expression for mp as a function the relative depth of the crack, h (the ratio of the depth, d, to the
thickness of the tube), and the throughwall axial crack magnification factor as,

m 1-/M where a=1+0.852h2 1- 1 ). (5)

Reference 4 further designated this model as the ANL model. The coefficient of 0.852 used in
Equation 5 was originally reported as 0.9 in Reference 5. Subsequent examination of the original
calculation revealed that some minor changes in the computation were required to account for
temperature affects on the material properties (the tensile tests were performed at room
temperature and the burst tests at 600'F), the radius used for the normalized crack length, e.g.,
minimum or mean, the radius used for the non-degraded burst pressure, and the number of data for
which ANL depth measurements were available. The revised coefficient was obtained via
Reference 6. The non-degraded burst pressure is computed as,

PO = 0.595 (S, + Su) t (6)
m

based on a large amount of Westinghouse and industry data, including the results used in the ANL
computation, see Reference 7.

The limit of mp as h goes to 1, i.e., corresponding to a throughwall crack, is infinity, and the
ligament tearing pressure is then zero. Results obtained from the model for three different crack
lengths are illustrated on Figure 3. For very long cracks, say greater than 1.5", the model is linear
between the non-degraded burst pressure for zero depth and zero tearing pressure for 100% depth.
For shorter cracks the shape of the curve becomes more and more convex as shown on Figure 3.
As the length of the crack approaches zero, the location of the maximum rate of change of the
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slope, i.e., the knee of the curve, tends to the non-degraded burst pressure as the depth approaches
100%.

The critical crack length as a function of crack depth for the postulated SLB differential pressure
for nominal and 95/95 lower tolerance limit (LTL) material properties is presented on Figure 4. A
curve for the critical crack length for ligament tearing under typical normal operating conditions is
also presented. It may be concluded from the figure that the effect of material property variations
is small for depths greater than about 90% throughwall.

The ligament tearing model was derived to predict the behavior of part-throughwall, rectangular
shaped, axial cracks. The comments of Section 5 of Reference 2 regarding the shape of real cracks
also apply to the prediction of the ligament failure pressure. The approach used to predict the
ligament tearing pressure is the same as that used to predict the tube burst pressure, with the
exception that the ANL model is used. Since the intent is to predict ligament tearing, no
calculations of the burst pressure of the resulting 100% throughwall axial crack are performed for
the leak rate evaluations. Following the naming of the burst pressure algorithm, the leak rate
algorithm was designated as the weak leak model.

The end goal of the weak leak model is different from that of the burst pressure model. In order to
estimate the leak rate, the likely throughwall crack length for a given applied pressure must be
known. Hence, the model is applied to all possible sub-cracks from the original profile and the
ligament tearing pressures are calculated. The length of the sub-crack with a ligament tearing
pressure just less than (not more than) the SLB differential pressure may then be used for the leak
rate calculation. Following identification of this longest throughwall length due to break through
at SLB conditions, the crack profile is searched to identify the next two largest sub-lengths either
above or below the longest throughwall length that would also be predicted to break through at
SLB conditions. The lengths predicted to be throughwall are then included in the SLB leak rate
analysis. Because the profile information is based on discrete increments, the appropriate sub-
crack to evaluate is the one with the minimum tearing pressure that is greater than or equal to the
given critical pressure. This means that the length returned is greater than or equal to that
corresponding to the tearing pressure exactly matching the critical pressure. Because the leak rate
from axial cracks varies approximately with the third to fourth power of the crack length, the
subsequent leak rate calculation is conservative.

It is possible for multiple, distinct sub-cracks to exist with ligament tearing pressures equal to the
SLB pressure. In this case the leak rate calculation would normally be performed for all such sub-
cracks and the total leak rate found as the sum of the individual values. However, the presence of
such cracks is judged to be a rare event although the model considers the longest and next two
largest sub-cracks with a ligament tearing pressure nearest to, but greater than or equal to, the
applied SLB pressure. For the rare case of two sub-cracks having the potential for ligament
tearing, the longest sub-crack leak rate can be expected to be significantly higher than that of a
shorter crack due to the leak rate dependence on throughwall crack length to a power of 3 to 4.
Due to both low frequency of occurrence and lower leak rate of a second sub-crack with leakage,
the leakage from a potential second sub-crack can be ignored. As discussed above in Section 6.4.1
of Reference 2, the leakage model already incorporates conservative leak rate predictions and
efforts to calculate the breakthrough length for a second, shorter sub-crack are not necessary, but
is included in the analysis.
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3.2 Ligament Tearing Throughwall Model

The use of the ligament tearing model for throughwall cracks is inherently conservative because of
the manner in which the model represents the crack as an equivalent rectangle. This is illustrated
by considering the case where there is a 100% throughwall portion of the crack being evaluated as
shown on the upper portion of Figure 2. One of the crack segments analyzed will consist only of
the 100% throughwall region (the ligament tearing pressure will be zero in this case). The next
segment analyzed will consist of the 100% throughwall length plus the inspection increment at
one end of that segment, etc. Other segments analyzed will consist of the 100% throughwall length
plus inspection increments at each end of the crack being analyzed as shown on the lower portion
of Figure 2. To make a rectangular representation of the crack section being analyzed, the
incremental material will be treated as being much narrower in order to extend it over the length of
the rectangle while keeping the area of the crack constant. This means that the analysis will likely
predict tearing of that incremental ligament even if it is quite wide.

The following example situation illustrates the foregoing discussion. The geometry considered is
that of a 7/8" by 0.050" SG tube with a 0.3" long throughwall axial crack segment, an inspection
increment of 0.030", and an adjacent crack depth of 50%. The geometry of the throughwall
portion and the next increment will be that of a rectangle with a length of 0.33" and a depth of
95%. This is similar to the situation that develops as shown on Figure 2. It is very likely that such
a narrow ligament would be predicted to tear at a significantly lower pressure than needed to
actually extend the crack. This feature of the model is particularly relevant to the evaluation of the
tube sections removed from the DCPP SG because they both contain throughwall segments.

In summary, the model provide a conservative, inaccurate prediction of the extension length of an
existing throughwall crack, and would be expected to always over-predict the length associated
with tearing in that case, because implementation involves averaging ligament material over a sub-
length of the crack profile and the area of the material at the ends of the idealized rectangular
profile is used to develop an average uniform depth that includes the throughwall portion of the
crack.

4.0 Diablo Canyon Pulled Tubes' Evaluations

The destructive examination of the tube degradation consisted of the performance of leak rate tests
up to a pressure of 2750 psi at room temperature which was commensurate with simulating the
SLB pressure of 2405 psi at 603'F.l There was no perceived tearing of the crack in the R35C57
tube section and only miniscule tearing of the crack in the R44C45 tube segment. The results are
discussed in the following two sections. Heat tinting was performed following the simulated SLB
leak testing and prior to burst pressure testing to identify the various sections of the cracks. Any
ductile tearing that occurred up to the SLB pressure was tinted to differentiate it from the ductile
tearing that occurred during the burst testing.

The information used herein was obtained from References 8, 9 and 10. Reference 8 provides a
complete description of the tube examination process and results. The information for the DE
crack depth profiles and tube material strengths was also documented in Reference 9, including
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Diablo Canyon Ligament Tearing Model

crack depth and ligament tearing profiles in Excelm format. Reference 10 documented the results
from the leak rate tests performed in the laboratory. A summary of the examination results is
provided in Table 1.

4.1 Examination Results for R35C57-2H

The profile obtained from the destructive examination of the R35C57 cracked tube section is
illustrated on Figure 5. There was no ductile tearing in the radial, axial, or circumferential
directions under SLB conditions; the only tearing occurred in the axial direction during the burst
testing of the tube section. The initial throughwall portion of the crack was 0.217 inch long. The
distribution of torn lengths resulting from the analysis using the ligament tearing model for the
destructive examination profile is shown on Figure 6. The average of the simulated torn lengths
was 0.338 inch even though no tearing occurred during the actual test of the tube section. The
measured leak rate at a test pressure of 2750 psi at 70'F was found to be 0.0368 GPM. The
adjusted value for the ODSCC ARC database was calculated to be 0.0023 GPM at a differential
pressure of 2405 psi at 600'F when condensed to ambient conditions. The results from a
simulation of ligament tearing and leak rate are shown on Figure 6 for the crack lengths and
Figure 7 for the leak rates. The median, average, and 95h percentile leak rate values from the
model of Reference 2 were 0.026, 0.060 and 0.204 GPM respectively.

The analysis was repeated using the profiles based on amplitude sizing of the information from the
eddy current inspection. The NDE uncertainty values from Reference 2 were used for the
simulations even though the cracks were ODSCC. There is a lack of ODSCC amplitude sizing
information and the intent of the analysis was to simulate the level of uncertainty that would be
associated with the application of the PWSCC ARC. A consequence of using the NDE
uncertainties is that most of the simulations resulted in predicting that tearing of the remaining
ligament would not occur. The intercept of the correlation of true depth to NDE depth is at about
-1% and the slope of the regression line is 0.94. This means that the depth of the 100% portion of
the profile will be < 93% for 50% of the simulations. Because the associated lengths of the deepest
portion of the profile are relatively short, ligament tearing is not predicted to occur for most of the
simulations at a differential pressure of 2405 psi. One of the random simulated profiles is
illustrated on Figure 8, a case that did not exhibit tearing at 2405 psi. However, the average torn
length of the random indications that were predicted to exhibit tearing was calculated to be 0.402
inch. The simulated median, average and 95t' percentile leak rates were 0.000, 0.087 and 0.400
GPM respectively. The distribution of torn lengths is illustrated on Figure 9 and the distribution of
predicted SLB leak rates is shown on Figure 10. In summary, the leak rate used in the condition
monitoring evaluation of the flaw, i.e., the 95h percentile leak rate from the NDE profile, was
estimated to be 174 times greater than found from the destructive examination.

4.2 Examination Results for R44C45-2H

The destructive examination profile for the R44C45 tube degradation is shown of Figure 11. The
following information was reported from the tube examination:

The test pressure is increased by the ratio of the material strength properties at operating conditions to
those at room temperature, usually about 10%, plus an allowance for potential measurement error.
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1. Ductile tearing at SLB was essentially negligible. The sliver of ductile tearing is shown on
Figure 11 is repeated singly on Figure 12 to focus on the small amount of tearing that
occurred.

2. It was reported that neither the optical macrographs nor the SEM fractographs convey the
true nature of the surface roughness both axially and through the wall thickness.

3. Individual crack segments are displaced by about 0.025 inch in the hoop direction.

4. Individual crack segments are about 0.10 inch in axial length.

Crack segments had joined together by intergranular cracking, consistent with the large jump in
bobbin amplitude observed from EOC 10 to EOC 11. A small overall depth increase in the
R44C45 crack led to a throughwall crack length of 0.378 inch. This, in combination with the loss
of current paths from cracking of individual segment ligaments explains the large jump in bobbin
and +Point voltages.

The leak rate reported in Reference 10 was 0.88 GPM for a differential pressure of 2750 psi at
70'F. The adjusted value for the ODSCC ARC database was calculated to be 0.277 GPM for a
differential pressure of 2405 psi at 600'F when condensed to ambient conditions. The
corresponding median, average and 95h percentile model predictions for SLB conditions were
0.41, 0.95 and 3.29 GPM respectively for the destructive examination profile. The average
simulated length was 0.631 inch and the distribution of analysis-predicted torn lengths is shown on
Figure 13 with the distribution of simulated leak rates is shown on Figure 14.

The analysis of the NDE profile yielded a mean torn length of 0.744 inch with median, average
and 95' percentile leak rates of 0.121, 1.75 and 6.01 GPM respectively. A sample random
analyzed profile is illustrated on Figure 15. The distribution of torn lengths from the Monte Carlo
analysis is shown of Figure 16 and the attendant leak rates are shown on Figure 17. Thus, the leak
rate expected from the condition monitoring evaluation of this flaw would be 21.7 times the value
reported from the destructive examination testing.

5.0 Summary

Summary results from the analyses of the tube sections are provided in Table 1. The torn lengths
from the SLB leak test were significantly less than that predicted by the ligament tearing analysis
used in the leak rate model.

* There was no ligament tearing of the R35C57 crack during the SLB pressure testing. The
original throughwall length was 0.217 inch and the predicted average ligament tearing
length increase was 0.165 inch based on the analyses performed using the NDE profile.
The predicted leak rate for the condition monitoring analysis using the NDE developed
profile was more than 150 times the value observed during the SLB leak test.

* There was miniscule tearing of the R44C45 tube crack during the SLB testing, while
significant tearing was predicted using the PWSCC ARC model using both the DE and
NDE measured profiles, e.g., up about 0.370 inch of tearing versus about 0.004 inch from
the test program. Moreover, the predicted leak rate for the condition monitoring analysis
was about 22 times greater than the value observed during the testing.
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Diablo Canyon Ligament Tearing Model

In conclusion, the ligament tearing and leak rate model combination being used for the prediction
of leak rates from PWSCC cracks yielded very conservative results relative those from the
destructive examination.

QWwMTwTvprfuY bibint FkesMXMLK'MT-&3OA3-148.doc8o 2O/1w3 .38 of 22 06t19MQ, 9 13 Pl



Diablo Canyon Ligament Tearing Model

6.0 References

1. WCAP-15 128, Revision 1, "Depth-Based SG Tube Repair Criteria for Axial PWSCC at
Dented TSP Intersections," Westinghouse Electric Company, Nuclear Services Division,
Madison, PA, June 30, 2000.

2. WCAP-15573, Revision 1, "Depth-Based SG Tube Repair Criteria for Axial PWSCC at
Dented TSP Intersections - Alternate Burst Pressure Correlation," Westinghouse Electric
Company, Nuclear Services Division, Madison, PA, October, 2001.

3. Erdogan, F., "Ductile Failure Theories for Pressurized Pipes and Containers," International
Journal of Pressure Vessels & Piping,, Vol. 4, 1976.

4. Majumdar, Saurin, "Predictions of Structural Integrity of SG Tubes Under Normal,
Operating, Accident, and Severe Accident Conditions," 24e Water Reactor Safety Meeting,
October 21-26, 1996, Bethesda, MD, September, 1996.

5. NUREG/CR-651 1, Vol. 2, "Steam Generator Tube Integrity Program, Annual Report,
August 1995 - September 1996," Argonne National Laboratory (prepared for the U.S.
Nuclear Regulatory Commission), Argonne, IL, February, 1998.

6. Personal communications on the ANL Ligament Tearing Model, W. Shack, Argonne
National Laboratory, and R. Keating, Westinghouse Electric Company, February 15, 2000.

7. TR-105505, "Burst Pressure Correlation for Steam Generator Tubes with Throughwall Axial
Cracks," EPRI, Palo Alto, CA, October, 1998.

8. 51-5027436-00, "Examination of Diablo Canyon Unit 2 SG Tubes - Final Report,"
Sherburne, P., Framatome ANP, Lynchburg, VA, USA, June 4,2003.

9. 51-5028414-01, "DCPP 2R1 1 DE Input Transmittal to Westinghouse," Framatome ANP,
Lynchburg, VA, USA, May 30, 2003.

10. 51-5025756-00, "Diablo Canyon Unit 2 Tube Pull Leak Rate Test Results," Framatome
ANP, Lynchburg, VA, USA, March 18, 2003.

11. NUREG/CR-6664, "Pressure and Leak-Rate Tests and Models for Predicting Failure of
Flawed Steam Generator Tubes," United States Nuclear Regulatory Commission,
Washington, DC, USA, August, 2000.

CiWmN1�Tmiporay h�net Fiss�OLK5�LTR-SGOA-O3-148.doc 9 of 22 06119103,9113 PM
CAMMUrp"my kftrrW Fks14LK%1R-SGM4-a146.dw 9 of 22 W1M91,913PM



Diablo Canyon Ligament Tearing Model

Table 1: Tearing and Leak Evaluations
Data & Analysis Results Summary

Tube
Category Property Tu44

R35C57TgR44C45'

Diameter (inch) 0.875

Properties Thickness (inch) 0.050
Elastic Modulus at 600'F (psi) 28.7 106

Yield Strength (psi) 58,148 54,525

Laboratory Ultimate Strength (psi) 105,398 99,661
Examination Corrosion TW Length (inch) 0.217 0.374
Results SLB Tom TW Length (inch) 0.217 0.378

Leak Rate at 2750 psi & 70'F GPM) 0.0368 0.88

ARC Evaluation Results, 2405 psi

ODSCC ARC Leak at 6000F (GPM at 700) 0.0023 0.277

Analysis of the Average Tom Length (inch) 0.338 0.631
Destructive ODSCC Median Leak (GPM) 0.026 0.41
Examination ODSCC Average Leak (GPM) 0.060 0.95
Profile ODSCC 95/50 Leak (GPM) 0.204 3.29

NDE 100% TW Length (inch) 0.11 0.39
Analysis of the Average Tom Length (inch) 2. 0.403 0.744
Nondestructive ODSCC Median Leak (GPM) 0.000 0.121
Examination
Profile ODSCC Average Leak (GPM) 0.087 1.75

ODSCC 95/50 Leak (GPM) 0.400 6.01

Notes:

1. The second, smaller crack in this tube would not be predicted to exhibit any
significant tearing or leak rate based on its size.

2. Of the simulated indications that tore.
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Diablo Canyon Ligament Tearing Model

Table 2: Crack Profile Data for R35C57
Intergranular Cracking

Axial Distance Depth %TW

0.000 0.0
0.007 23.4
0.012 27.7
0.014 32.0
0.021 36.8
0.029 42.4
0.031 45.0
0.040 61.5
0.054 74.0
0.073 77.9
0.094 83.1
0.116 84.4
0.127 86.1
0.149 100.0
0.158 100.0
0.176 100.0
0.195 100.0
0.224 100.0
0.249 100.0
0.276 100.0
0.301 100.0
0.329 100.0
0.351 100.0
0.366 100.0
0.378 85.0
0.386 79.2
0.402 58.4
0.429 44.2
0.438 37.2
0.447 30.1
0.465 14.2
0.472 18.6
0.479 13.3
0.492 11.1
0.501 7.1
0.514 7.5
0.519 0.0
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Diablo Canyon Ligament Tearing Model

Table 3: Crack Profile for Tube No. R44C45

SLB Leak Path High Shear Wall Intergranular Sliver of Ductile
z All Intergranular Intact at SLB Facet Tearing at SLB

Axial Depth % Axial Depth % Axial Depth % Axial Depth %
Distance TW Distance TW Distance TW Distance TW

0.000 0.00 0.602 80.60 0.599 100.00 0.575 100.00
0.005 19.34 0.609 67.57 0.602 80.60 0.602 80.60
0.015 24.53 0.617 67.57 0.602 80.60 0.579 100.00
0.021 21.23 0.643 72.07 0.609 67.57
0.026 29.25 0.655 67.57 0.617 67.57
0.033 29.72 0.643 72.07
0.047 29.72 0.655 67.57
0.062 25.00 0.655 100.00
0.074 49.06
0.086 55.66 X

0.095 68.87
0.108 76.89
0.131 73.11
0.177 83.02
0.201 100.00
0.230 100.00
0.266 100.00
0.284 100.00
0.299 100.00
0.346 100.00
0.353 100.00
0.384 100.00
0.410 100.00
0.441 100.00
0.464 100.00
0.472 100.00
0.498 100.00
0.510 100.00
0.528 100.00
0.539 100.00
0.556 100.00
0.579 100.00
0.602 80.60
0.609 67.57
0.617 67.57
0.643 72.07
0.655 67.57 _ X _ _ _ _ _ X

0.667 67.57 _
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Diablo Canyon Ligament Tearing Model

Table 3: Crack Profile for Tube No. R44C45

SLB Leak Path High Shear Wall Intergranular Sliver of Ductile
K All Intergranular Intact at SLB Facet Tearing at SLB

Axial Depth % Axial Depth % Axial Depth % Axial Depth %
Distance TW Distance TW Distance TW Distance TW

0.671 42.34
0.672 18.02
0.677 18.92
0.687 9.91
0.689 11.71
0.695 10.81
0.701 0.00
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Tube ID

Tube OD Evaluated Sub-Cracks

Weakest Sub-Crack
Tube ID .1

Tube OD

Figure 1: Representative part-throughwall axial crack profile with
evaluated and weakest sub-crack profile shown.

Tube ID

Analyzed Sub-Crack

Tube ID

1I -

Tube OD 'I
Critical Ligament Size

Figure 2: Representative throughwall axial crack profile with
evaluated and critical idealized profile shown.
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Diablo Canyon Ligament Tearing Model

Ligament Tearing Pressures vs. Crack Depth
Alloy 600 MA SG Tubes with Part-Throughwall Axial Cracks
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Figure 3: Ligament Tearing Pressure vs. Crack Length, Reference 2

Critical Crack Length vs. Crack Depth
Alloy 600 MA SG Tubes with Part-Throughwall Axial Cracks
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Figure 4: Critical Crack Length vs. Crack Depth, Reference 2
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DCPP SG 2-4 Tube R35C57, Destructive Examination Profile
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Figure 5: R35C57 Destructive Examination Depth Profile
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Distribution of PWSCC PTW Crack Simulated Leak Rates
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Figure 7: Distribution of R35C57 SLB Leak Rates

Diablo 2 SG4-R35C57-2H Ligament Tearing Crack Input
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Figure 8: Sample Simulated R35C57 Profile
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Distribution of PWSCC PTW Crack Simulated Leak Rates
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Figure 9: NDE Profile Distribution of R435C57 Torn Lengths
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DCPP SG 2-4 Tube R44C45-2H, Destructive Examination Profile
Small Sliver of Ductile Tearing Observed at SLB DP
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Figure 11: R44C45 Destructive Examination Depth Profile
DCPP SG 2-4 Tube R44C45, Destructive Examination Profile

Focus on Ductile Tearing Observed at SLB DP
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Figure 12: R44C45 Ductile Tearing
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Distribution of PWSCC PMV Crack Simulated TW Lengths
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Figure 13: Distribution of R44C45 Tom Lengths
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Figure 14: Distribution of R44C45 Leak Rates
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Diablo 2 SG4-R44C45-2H Ligament Tearing Crack Input
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Figure 15: Sample Simulated R44C45 Profile
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Distribution of PWSCC PTW Crack Simulated Leak Rates
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Figure 17: NDE Profile Distribution of R44C45 Leak Rates
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Enclosure 3
PG&E Letter DCL-03-076

SPECIAL REPORT 03-02

STEAM GENERATOR CONDITION MONITORING AND
OPERATIONAL ASSESSMENT REPORT

DIABLO CANYON POWER PLANT UNIT 2 ELEVENTH REFUELING OUTAGE

1.0 Summarv

During the Unit 2 eleventh refueling outage (2R1 1), greater than 1 percent of inspected
tubes in steam generator (SG) 2-4 were defective and required plugging. If greater
than 1 percent of inspected tubes in any SG exceed the repair criteria, Nuclear Energy
Institute (NEI) 97-06, Revision 1, requires that a Condition Monitoring (CM) report be
submitted to the NRC within 120 days after returning the SG to service. This report
provides a SG tube CM assessment for Unit 2 Cycle 11 based on 2R1 tube inspection
results. For information, this report also provides an Operational Assessment (OA) for
Unit 2 Cycle 12 based on the 2R1 I tube inspection results.

For degradation subject to alternate repair criteria (ARC), PG&E follows the tube
integrity assessment requirements of Diablo Canyon Power Plant (DCPP) technical
specifications (TS) and NRC-approved licensing bases. The W* ARC report, PWSCC
ARC report, and voltage-based ARC report are provided in separate enclosures in this
letter. For all other degradation, PG&E follows the tube integrity assessment guidance
provided in Electric Power Research Institute (EPRI) Report TR-107621, "Steam
Generator Integrity Assessment Guidelines," Revision 1, dated March 2000.

Condition Monitoring

NEI 97-06, Revision 1, structural and leakage performance criteria for condition
monitoring were satisfied at the end of Unit 2 Cycle 11 (EOC 11). This conclusion is
based on assessing the 2R1 I as-found conditions of the tubing on a degradation-
specific basis. Unit 2 Cycle 11 had an actual duration of 1.64 effective full power years
(EFPY). Probabilistic structural criteria applied in voltage-based repair criteria are
defined in GL 95-05, not in NEI 97-06.

* Structural integrity performance criteria: 3APNO and 1.4APsLB are the burst margin
requirements for free span degradation and degradation confined to the tube
support plate (TSP) crevice, respectively. Structural integrity performance criteria
were satisfied at EOC 11. Voltage-based repair criteria probability of burst (POB)
for EOC 11 was less than the GL 95-05 1 % reporting threshold, as described in a
separate enclosure, and structural integrity for axial ODSCC at TSPs was satisfied
at EOC 11.

* Accident-induced leakage performance criteria: Accident-induced leakage
assessments are based on the steam line break (SLB) differential pressure.
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o For degradation subject to ARC, the maximum allowable SLB induced leak rate
limit is 10.5 gpm in a faulted SG, based on an analysis which uses current
licensing basis assumptions and approved by the NRC. As described in
Enclosure 1, the aggregate EOC 11 SLB leak rate from ARC degradation
(PWSCC ARC, WV ARC, GL 95-05 voltage-based ARC) and non-ARC
degradation in the limiting SG 2-4 is 3.614 gpm. This leak rate is less than the
10.5 gpm acceptance limit. Therefore, accident-induced leakage integrity
performance criteria for ARC were satisfied at EOC 11.

o For degradation not subject to ARC, the maximum allowable SLB-induced leak
rate is 1 gpm in a faulted SG per NEI 97-06. The DCPP-specific non-ARC SLB-
induced leak rate limit is 0.72 gpm at room temperature. With the exception of
SG 2-4, there is no EOC 11 SLB leakage attributed to any non-ARC degradation.
For SG 2-4, in situ leak testing of U-bend circumferential PWSCC indications in
R5C62 identified a APSLB (2405 psi) leak rate of 0.003 gpm at room temperature,
which is much less than 0.72 gpm. Therefore, accident-induced leakage integrity
performance criteria for non-ARC were satisfied at EOC 11.

Operational leakage performance criterion: Primary-to-secondary leakage through
any one SG must be limited to 150 gallons per day (gpd). This limit is reflected in
DCPP TS. A small leak was detected in Unit 2 Cycle 11, peaking at about 8 gpd,
which is well below the 150 gpd limit. Therefore, the operational leakage
performance criterion was satisfied at EOC 11. The leak was initially detected very
late in Unit 2 Cycle 9 and continued in cycles 10 and 11. The cycle 10 leak rate
ranged from I to 2 gpd. The leak rate exceeded 5 gpd in cycle 11 in May 2002,
resulting in increased monitoring in accordance with the EPRI primary to secondary
leak guidelines. SG 2-4 was determined to be the highest contributor to leakage
based on steam generator blowdown sampling. As discussed in this enclosure, this
primary to secondary leakage is attributed to throughwall indications in SG tubes
due to stress corrosion cracking. SG tube plugging performed in 2R1 1 has
significantly reduced the primary to secondary leakage in Unit 2 Cycle 12, measured
as 0.25 gpd.

Operational Assessment

NEI 97-06, Revision 1, structural and leakage performance criteria for condition
monitoring are projected to be satisfied at the end of Unit 2 Cycle 12 (EOC 12). This
conclusion is based on assessing the projected EOC 12 conditions of the tubing on a
degradation-specific basis. Unit 2 Cycle 12 has a projected duration of 1.54 EFPY.
Probabilistic structural criteria applied in voltage-based repair criteria are defined in GL
95-05, not in NEI 97-06.

* Structural integrity performance criteria: 3APNO and 1 .4APsLB are the burst margin
requirements for free span degradation and degradation confined to the TSP
crevice, respectively. Structural integrity performance criteria were satisfied at EOC
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12. Voltage-based repair criteria POB for EOC 12 is projected to be less than the
1% reporting threshold in GL 95-05, as described in a separate enclosure, when
applying POPCD and voltage dependent growth methods. Application of POPCD is
pending NRC approval.

Accident-induced leakage performance criteria: Accident-induced leakage
assessments are based on the steam line break (SLB) differential pressure.

o For degradation subject to ARC, the maximum allowable SLB induced leak rate
limit is 10.5 gpm in a faulted SG, based on an analysis which uses current
licensing basis assumptions and approved by the NRC. As described in
Enclosure 1, the aggregate EOC 12 SLB leak rate from ARC degradation
(PWSCC ARC, We ARC, GL 95-05 voltage-based ARC) and non-ARC
degradation in the limiting SG 2-4 is 3.319 gpm (based on voltage-based ARC
application of POPCD and voltage dependent growth), and 10.089 gpm (based
on worst case SLB leakage from voltage based ARC (application of 1.0 POD for
SG 2-4 R44C45 2H and 0.6 POD for other indications plus voltage dependent
growth). These leak rates are less than the 10.5 gpm acceptance limit.

o For degradation not subject to ARC, the maximum allowable SLB-induced leak
rate is I gpm in a faulted SG per NEI 97-06. The DCPP-specific non-ARC SLB-
induced leak rate limit is 0.72 gpm at room temperature. No non-ARC accident-
induced leakage is postulated at EOC 12. Therefore, accident-induced leakage
integrity performance criteria is satisfied at EOC 11.

2.0 Introduction

Steam Generator Background

DCPP Units 1 and 2 use Westinghouse Model 51 SGs with explosively expanded
(VVEXTEX) transitions. The SGs contain Alloy 600 Mill Annealed (MA) tubing. The
nominal outside diameter of the tubing is 0.875 inch with a 0.050-inch nominal wall
thickness. The DCPP Unit 1 and 2 SGs have historically operated with a nominal hot
leg temperature (Thot) of 603 degrees F. Starting with Cycle 11, Unit 1 has operated at
a nominal Thot of 604 degrees F due to an uprate. Unit 2 continues to operate with a
nominal Thot of 603 degrees F. The commercial operation dates for Units 1 and 2 are
May 1985 and March 1986, respectively.

Starting with DCPP Unit 2 Cycle 8 and Unit I Cycle 9, the cycle lengths were extended
to nominal 20-month operation. Prior to that time, the units operated on 18-month fuel
cycles.

PG&E has implemented several initiatives to minimize primary water stress corrosion
cracking (PWSCC) and outside diameter stress corrosion cracking (ODSCC). Primary
side initiatives include U-bend heat treatment, WEXTEX tubesheet shotpeening, and
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zinc injection. Secondary chemistry initiatives include: copper removal program;
ethanol amine (ETA) to control pH; increased hydrazine levels; molar ratio control
program to prevent excess alkalinity; boric acid addition program (including boric acid
soaks at startup to mitigate denting and ODSCC at TSPs); tube sheet sludge lancing
every outage; SG blowdown is maintained at 1 percent of the main steam flow rate;
condensate polishers were installed and emergency (plant curtailment) procedures
issued to protect against seawater condenser tube leaks.

Technical Specification Repair Criteria

DCPP TS require plugging of any tube that has degradation greater than or equal to 40
percent of the nominal tube wall thickness, unless ARC are implemented. Several ARC
are implemented in DCPP Unit 2:

* In March 1998, the DCPP TS were revised to allow implementation of ARC for
ODSCC at TSPs pursuant to NRC Generic Letter (GL) 95-05, Voltage-Based
Repair Criteria for Westinghouse Steam Generator Tubes Affected by Outside
Diameter Stress Corrosion Cracking." The ODSCC ARC TS changes were granted
by the NRC in LA 124/122 dated March 12,1998, in response to license
amendment request (LAR) 97-03. ODSCC ARC was implemented starting in 2R8
for Unit 2 and 1 R9 for Unit 1.

* In February 1999, the DCPP TS were revised to allow implementation of W* ARC
for axial PWSCC in the WEXTEX tubesheet region. The W* ARC TS for Cycles 10
and 11 were granted by the NRC in LA 129/127 dated February 19, 1999 (in
response to LAR 97-04). The W* ARC TS for Cycles 12 and 13 were granted by the
NRC in LA 151 dated April 29, 2002 (in response to LAR 01-03). We ARC was
implemented starting in 2R9 and 1R9.

* In May 2002, the DCPP TS were revised to allow implementation of ARC for axial
PWSCC at dented TSPs. The PWSCC ARC TS changes were granted by the NRC
in LA 152 dated May 1, 2002 (in response to LAR 00-06 Supplement 3). PWSCC
ARC was implemented starting in 2R1 I and I RI 1. Validated depth sizing of axial
PWSCC at dented TSP intersections was previously implemented in 2R9 and 2R1 0
for Unit 2, and 1 R9 and 1 RI0 for Unit 1, such that axial PWSCC less than the TS
limit of 40 percent maximum depth limit was allowed to remain in service.

Other than degradation subject to ARC, all crack-like indications are required to be
plugged on detection by a rotating coil probe, regardless of depth measurements. Cold
leg thinning and antivibration bar (AVB) wear are sized by bobbin and allowed to remain
in service if less than 40 percent.

Degradation Assessment
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NEI 97-06, Revision 1, requires completion of a degradation assessment (of both
existing and potential degradation mechanisms) prior to each inspection. A degradation
assessment, inspection/expansion plan, and tube repair plan were prepared and issued
before 2R1 1. A summary of the inspection plan and actual expansion scope is
provided in Table 1. The degradation assessment provides a summary of the EPRI
nondestructive examination (NDE) techniques used in 2R1 1, including detection and
sizing capabilities. The SG tube inspection contractor (Framatome ANP) performed a
site specific technique qualification to demonstrate that the EPRI techniques are
applicable for use at DCPP. The degradation assessment was revised during 2R1 1 to
assess two new DCPP Unit 2 tube degradation mechanisms that were detected in
2R11.

Secondary Side Pressure Testing

As discussed earlier, the Unit 2 primary to secondary leak rate exceeded 5 gpd in cycle
11. SG 2-4 was determined to be the leaking SG. EPRI SG Integrity Assessment
Guidelines Revision I (EPRI TR-107621-Rl), Section 10.2, states that secondary side
testing should be considered to identify leaking tubes if the primary to secondary leak
rate exceeds 5 gpd. Therefore, 2R1 1 secondary pressure testing was initially
conducted in SG 2-4 to implement this guidance. Eventually, based on the results of
the SG 2-4 test, the scope of the secondary side pressure testing was expanded to
include all four SGs. The secondary side and steam lines were filled with water to the
gagged main steam isolation valves and overpressurized with nitrogen. The pressure
was initially held at 200 psi, then increased and held at about 200 psi intervals, until a
final pressure of 800 psi was reached. At each pressure, the tubesheet face was
scanned and observed for evidence of tube or plug leakage.

Fifteen tubes in SG 2-4 were observed to have leakage (drips) or moisture. Based on
this, the pressure testing was expanded to all four SGs. Three tubes and one hot leg
plug in SG 2-1 were observed to have leakage or moisture. No leakage or moisture
was identified in SG 2-2 or SG 2-3.

Table 5 and Table 6 summarize the results of the secondary side pressure testing in
SG 2-4 and SG 2-1, respectively. For the 19 suspect tubes listed, the leak rates are in
drips per minute (DPM). All leakage was confined to the hot leg, except for SG 2-4
R5C62, where drips were identified on both hot and cold legs.

For the 18 inservice tubes with suspected leakage, Tables 5 and 6 also provide the
2R1 I and prior outage 2R1 0 eddy current (bobbin and Plus Point) results, and show
that 14 of the tubes had large Plus Point voltage indications (greater than 1.6 volts).

One of the suspect tubes in SG 2-1 was plugged and not inservice, so there are no
eddy current results. The leaking plug was attributed to cracking in the 1-600 plug
material. All of the 18 inservice tubes were in situ pressure tested, as described below.

3-5



Enclosure 3
PG&E Letter DCL-03-076

In Situ Pressure Testing Program

EPRI in situ guidelines recommends that in situ pressure testing of certain degradation
be conducted to support condition monitoring, as follows:

* Tubes that are determined to have primary to secondary leakage.

* Tubes with new degradation mechanisms not yet observed in the industry.

* Tubes with eddy current indications that exceed leakage and structural screening
threshold values that are documented in the degradation assessment. The
screening methodology is provided in EPRI Steam Generator In Situ Pressure Test
Guidelines (EPRI Final Report TR-107620-RI dated June 1999). Note: Updated in
situ testing voltage threshold values are contained in EPRI draft report 1007904
dated May 6, 2003, Steam Generator In Situ Pressure Test Guidelines, and these
voltages are applied in the condition monitoring and operational assessment.

* In situ test screening of PWSCC ARC axial PWSCC indications that extend outside
the dented TSP crevice, and W* ARC axial PWSCC indications located in the
WEXTEX region, are described in a separate enclosure. In situ test screening of
axial ODSCC indications subject to voltage-based ARC is not required, as these
indications are confined to the TSP crevice which limits the applicability of the in situ
test to SLB conditions (at SLB, the TSPs are assumed to be displaced from the
crack indications).

A total of 37 tubes were in situ pressure tested in 2R1 1. Table 7 identifies the tubes
that were tested, degradation mechanism as detected by Plus Point, number of Plus
Point indications, Plus point voltage, bobbin voltage, degradation location, the test
pressures, and leak rate results.

The 18 inservice tubes that were identified as having potential leakage based on the
results of the secondary side pressure tests were in situ pressure tested. 14 of the 18
tubes were confirmed to have leakage during in situ testing, as discussed below.

* SG 2-4 R5C62 with multiple free span circumferential PWSCC indications in the U-
bend region was in situ pressure tested to NOP, APsLB. and 3APNO- SLB leakage of
0.004 gpm was measured at room temperature. At 3APNO, no burst occurred and a
room temperature leak rate of 0.0456 gpm was measured.

* There were 13 tubes with large voltage TSP axial ODSCC indications (voltage-
based ARC indications), 10 in SG 2-4 and 3 in SG 2-1. In situ testing was
conducted at NOP and APsLB, with one exception: SG 2-4 R44C45 was only tested
at NOP to prevent possible tearing of ligaments, as this tube was planned to be
pulled for destructive examination. In situ leakage was measured in all 13 tubes.
The maximum NOP leakage at room temperature was 0.004 gpm in R44C45. In
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situ test results for axial ODSCC at TSPs are not applicable in voltage-based ARC,
so these test results are for information only. The in situ leakage was limited due to
the packed TSP crevice condition.

* SG 2-4 R2C29 axial PWSCC indication in the tubesheet (W* ARC indication) was in
situ pressure tested to NOP, APSLB, and 3APNO. No leakage was detected.

* The two tubes with no detectable degradation by eddy current examination, plus a
tube with a very shallow TSP axial ODSCC indication (SG 2-4 R3C29), were in situ
pressure tested to 3APNO. No leakage was measured in these three tubes at NOP,
APSLB, and 3APNO.

An additional 19 tubes were in situ pressure tested at NOP, APSLB, and 3APNO, because
of free span degradation detected by Plus Point as described below. No in situ test
leakage was measured in any of these 19 tubes:

* 11 tubes with circumferential PWSCC in Rows 3 through 10 U-bend region (new
degradation mechanism). No leakage was measured.

* 1 tube with axial PWSCC in Row I U-bend region (known degradation mechanism).
No leakage was measured.

* 2 tubes with circumferential PWSCC in Row 1 U-bend region (known degradation
mechanism). No leakage was measured.

* 5 tubes with volumetric indications caused by sludge lance damage (new
degradation mechanism). No leakage was measured.

In conclusion, one free span indication (SG 2-4 R5C62) had slight leakage at APSLB
pressure. No other free span indications had in situ leakage. It is believed that the SG
2-4 operational leakage was mainly attributed to the R5C62 free span indication. It is
also possible that leakage from the 13 tubes with TSP axial ODSCC could have
contributed slightly to the Unit 2 Cycle 11 operational leakage, although the packed
crevices would tend to prevent leakage at hot conditions.

Further degradation-specific condition monitoring and operational assessments are
provided in later sections. All tubes that were in situ pressure tested were plugged.

Tube Pulls

In support of continued implementation of voltage-based ARC for axial ODSCC at
TSPs, EPRI report NP-7480-L, Addendum 5 requires that a pulled tube specimen
(minimum of two intersections) be obtained at the refueling outage following
accumulation of three operating cycles from the previous tube pull. The previous
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(initial) Unit 2 tube pull for axial ODSCC at TSPs was performed in 2R8. Therefore, a
tube pull for axial ODSCC at TSPs was scheduled for 2R1 1. The primary emphasis for
selecting an intersection for removal should be an indication that satisfies an open
target indication voltage.

EPRI report NP-7480-L, Addendum 5, also recommends a tube pull for an indication
with unanticipated voltage levels substantially higher than the bobbin voltage structural
limit, if the destructive exam results are likely to determine whether or not condition
monitoring or operational assessment results would satisfy acceptance limits.

In 2R1 1, several large ODSCC voltage indications were identified that could have filled
an open target indication voltage. In addition, one indication (SG 2-4 R44C45 2H) had
an unanticipated voltage level (21.5 bobbin volts) substantially higher than the
approximately 9 volt structural limit. Therefore, two tubes were pulled with axial
ODSCC indications at 2H intersection and NDD at 1 H: SG 2-4 R44C45 2H (21.5
bobbin volts) and SG 2-4 R35C57 (5.09 bobbin volts). The destructive examination
results are provided in a separate enclosure. Results of the laboratory leak and burst
tests demonstrated burst margin greater than the deterministic 1.4 APSLB acceptance
limit for both intersections, although this degradation is addressed in a probabilistic
manner per GL 95-05.

Tube Repairs

Following eddy current inspections, 340 active tubes were plugged. Framatome alloy
690 roll plugs were used in both legs, with the exception of the two tubes that were
pulled. The hot legs of the two tubes that were pulled were plugged with Framatome
alloy 690 weld plugs. Table 2 provides the 2R1 1 plugging breakdown for each SG and
reasons for plugging.

Framatome tubesheet stabilizers were installed in 5 tubes that contained
circumferential defects at the top of tubesheet or at TSP 1 H. These locations are
described in Table 8.

The plug in plugs (PIPs) in six hot leg 1-600 plugs were removed in 2R1 1. Framatome
ally 690 weld plugs were installed in their place. This activity is discussed later.

2R11 Damage Mechanisms

Tables 2, 3, and 4 provide the number of SG tubes plugged in 2R1 I and historical
tubes plugged in Unit 2.

The following degradation mechanisms were detected in 2R1 1 and are assessed for
SG tube integrity in this report. New degradation mechanisms are noted as "new".

* Axial PWSCC in hot leg WEXTEX tubesheet region (W* ARC).
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* Axial PWSCC at hot leg dented TSP intersections (PWSCC ARC).
* Axial ODSCC at hot leg TSP intersections (Voltage-based ARC).
* Axial and Circumferential PWSCC in Row I U-bends.
* Circumferential PWSCC in Rows 3 through 10 U-bends (New).
* Circumferential PWSCC and ODSCC at hot leg dented TSP intersections.
* Combined axial ODSCC and axial PWSCC at hot leg TSP intersections (ID/OD).
* Circumferential ODSCC in hot leg WEXTEX top of tubesheet region (New).
* Volumetric indications in free span due to mechanical damage caused by sludge

lancing equipment (new)
* Cold leg thinning at cold leg TSP intersections.
* AVB wear in U-bend region.
* TSP ligament thinning.
* Stress Corrosion Cracking in 1-600 mechanical plugs.

This report also provides inspection results of the following potential degradation
mechanisms that were not detected in 2R1 1.

* Potential stress corrosion cracking at free span dings.
* Potential tube damage due to loose parts and foreign objects.

14 tubes were plugged preventively in 2R1 1 for reasons discussed below, and CM OA
is not required.

* 6 Row 1 tubes were preventively plugged due to excessive probe noise in the U-
bend region.

* 3 Row 1 tubes and 1 Row 2 tube were plugged due to probe stalls in the U-bend
region.

* 4 tubes were plugged due to permeability variability (PVN) concerns, 3 due to PVN
in the U-bend region in high row tubes, and 1 due to PVN in the cold leg tubesheet
region.

NRC Reporting and NRC Inspection

Technical Specification (TS) 5.5.9, "Steam Generator (SG) Tube Surveillance
Program," Table 5.5.9-2, requires that the results of each SG tube inspection be
classified as Category C-3 if more than one percent of the total tubes inspected are
defective. Results of SG tube inspections that are classified as Category C-3, require
NRC notification in accordance with 10 CFR 50.72(b)(2). SG 2-4 was determined to be
in Category C-3 following completion of eddy current testing. TS 5.6.1 0.c requires the
results of SG tube inspections, which fall into Category C-3, to be reported in a special
report to the Commission within 30 days and prior to resumption of plant operation.
uThis report shall provide a description of investigations conducted to determine cause
of the tube degradation and corrective measures taken to prevent recurrence."
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TS 5.6.1 O.d requires that for implementation of ODSCC ARC, the NRC be notified prior
to returning the SG to service if indications are identified that are circumferential,
attributable to PWSCC, or the calculated conditional burst probability based on the
projected end-of-cycle (or actual measured end-of-cycle) voltage distribution exceeds
0.01.

LER 2-2003-001 dated March 14, 2003, was submitted to the NRC via PG&E letter
DCL-03-031 prior to the SGs return to service. The LER reported the above conditions
to the NRC based on the 2R1 I inspections. On March 4, 2003, PG&E presented to the
NRC that the safety significance of exceeding the 0.01 burst probability was low.

An NRC special inspection team visited DCPP during 2R1 I in February 2003 due to
concerns about the structural and leakage integrity of the SG tubes based on results of
the secondary side pressure tests and subsequent eddy current inspections. NRC
special team inspection report number 50-323/03-09 provided the NRC inspection
results and was transmitted to PG&E in NRC letter dated May 8, 2003. The NRC team
identified no findings of significance during the examination.

3.0 Axial PWSCC in WEXTEX Region

Axial PWSCC in the WEXTEX tubesheet region is assessed under W* ARC. Enclosure
1 provides the CM OA for axial PWSCC in the WEXTEX region pursuant to W* ARC
requirements.

4.0 Axial PWSCC at Dented TSP Intersections

Axial PWSCC at dented TSP intersections is assessed under PWSCC ARC. Enclosure
2 provides the CM OA for axial PWSCC at dented TSP intersections pursuant to
PWSCC ARC requirements.

5.0 Axial ODSCC at TSP Intersections

Axial ODSCC at TSP intersections is assessed under ODSCC ARC. Enclosure 4
provides the CM OA for axial ODSCC at TSP intersections pursuant to GL 95-05
requirements. Enclosure 5 provides the destructive examination report for the two
tubes that were pulled in 2R1 1 that contained TSP axial ODSCC in support of
continued implementation of GL 95-05. The results of in situ testing of axial ODSCC at
TSP intersections are discussed earlier.

6.0 Axial and Circumferential PWSCC in Row I and 2 U-Bends

SG tubes in Rows I and 2 U-bends were heat treated following one cycle of operation
for Unit 2 and two cycles of operation for Unit 1 to relieve stresses and mitigate the
potential for PWSCC in this location. One hundred percent of Rows 1 and 2 U-bends
have been inspected each refueling outage. Bobbin probes were used in the first
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refueling outage inspection. Since then, these inspections were conducted with a single
coil rotating probe. Starting in 2R7 and 1 R8, a Plus Point probe was used to inspect
Rows 1 and 2 U-bends.

PWSCC has been detected in the U-bend region of Row 1 tubes in all Unit I and Unit 2
SGs. The majority of row 1 PWSCC has been axial, with a small number of
circumferential. Axial PWSCC has also been detected in Row 2 in SG 1-4 (1R8) and
SG 2-3 (2R8). Because of the row 2 indications, 20% Plus Point inspection of row 3 U-
bends in SG 2-3 was performed in 2R8 and 2R9, and 20% Plus Point inspection of row
3 U-bends in SG 1-4 was performed 1 R8 and 1 R9. No PWSCC indications had ever
been detected in row 3 or higher U-bends, based on these prior sampling plans.

The initial 2R1 1 Plus Point inspection scope of short radius U-bends was 100% of
Rows I and 2 in all SGs, and 20% in Row 3 of SG 2-4.

Three PWSCC indications were detected in row I in 2R1 1: two axial PWSCC
indications (SG 2-1 R1C24, SG 24 R1C93) and one circumferential PWSCC indication
(SG 2-1 R1C43). Table 13 and Table 14 provides the Plus point data for these
indications, respectively. These indications were located near the hot leg tangent
points.

The maximum voltage of the axial PWSCC indications were 1.15 volts and 1.23 volts
with estimated lengths of 0.38 inch and 0.24 inch (phase sizing). Plus Point depth
sizing is not quantified for U-bend axial PWSCC; however, Plus Point estimated
maximum depths are provided in Table 13. The maximum voltages were very close to
the threshold voltage of 1.2 volts (exceeded by 1.23 volt indication in SG 2-4 RI C93)
for in situ leak testing documented in EPRI draft report 1007904. As such, these
indications were in situ leak and proof tested to APSLB and 3APNO conditions, as
described earlier. No leakage was observed from these in situ pressure tests.
Therefore, leakage and structural integrity were satisfied at EOC 11 for axial PWSCC
indications in Rows 1.

The maximum voltage of the circumferential PWSCC indication was 0.47 volts with
estimated length of 15.7 degrees (phase sizing). Plus Point depth sizing is not
quantified for U-bend circumferential PWSCC; however, the Plus Point estimated
maximum depth is provided in Table 14. The maximum voltage is less than the
threshold voltage of 0.5 volts for proof testing (independent of degradation
morphology), and much less than the 1.83 volt threshold for in situ leak testing. These
threshold values are documented in EPRI draft report 1007904. In addition, the
measured length of 15.7 degrees is much less than the Row I through 10 100%
throughwall structural limit length of 190 degrees which bounds 3MPNO conditions
(WCAP-15147 draft Revision 2). Nonetheless, this indication was in situ leak and proof
tested to APsLE and 3APNO conditions, as described earlier. No leakage was observed
from the in situ pressure test. Therefore, leakage and structural integrity were satisfied
at EOC 11 for the circumferential PWSCC indication in Row 1.
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No leakage was observed from these three in situ pressure tests. Therefore, leakage
and structural integrity were satisfied at EOC 11 for these indications.

In light of lessons learned from the Indian Point (IP2) U-bend tube failure event, data
quality requirements were implemented. If questionable data (e.g., excessive noise)
were collected from the 0.680 mid-range (MR) probe, the U-bend was reinspected with
a 0.680 high frequency (HF) Plus Point probe. If questionable data were subsequently
collected with the 0.680 HF, then the tube was plugged for precautionary measures.
This resulted in six Row 1 tubes being preventively plugged in 2R1 1. Additionally, three
Row 1 tubes and one Row 2 tube were plugged due to probe stalls in the U-bend
region.

Operational Assessment for PWSCC in Row 1 and Row 2 U-Bends

All three row 1 indications were detectable in the prior outage (2R1 0) Plus Point data
based on a lookup review. The Plus Point lookup sizing is provided in Tables 12 and
13. A comparison of the 2R1 0 and 2R1 I maximum Plus Point voltages show little
change, indicating slow growth in depth. Plus Point depth sizing is not quantified for U-
bend PWSCC, so differences in maximum depth are not assessed. Differences in flaw
length are also negligible.

There is a large database of growth rates for axial PWSCC at dented TSPs, as
discussed in Enclosure 2 for PWSCC ARC. For the data set used in the PWSCC ARC
cycle 12 operational assessment, the 95 percentile growth rates are approximately 0.07
inch per EFPY for length, 10% per EFPY for maximum depth, and 9% per EFPY for
average depth. There is a smaller growth rate database for circumferential PWSCC at
dented TSPs. As discussed in Section 8 of this enclosure, the 95 percentile growth
rates per EFPY for circumferential PWSCC at dented TSPs is 15 degree, 19%
maximum depth, and 14% average depth.

Assuming that an axial PWSCC indication with a 100% throughwall length of 0.38 inch
is the largest undetected Row I or Row 2 flaw and was left in service at BOC 12 (0.38
inch based on the length of the longest Row 1 axial PWSCC indication detected in
2R1 1), and adding a growth rate of 0.07 inch per EFPY, the resulting end of cycle 12
indication would be approximately 0.5 inches. This flaw length is less than the
bounding Row 2 100% throughwall structural limit length of 0.64 inch for 3APNO
conditions, as defined in WCAP-15147 Revision 1, thereby demonstrating that
structural integrity is satisfied at EOC conditions. Accounting for NDE uncertainty is not
required since the indication is assumed to be throughwall and the length will be
overestimated under the throughwall depth assumption due to coil lead-in and lead-out
affects.

Assuming that a circumferential PWSCC indication with a 100% throughwall length of
15.7 degrees is the largest undetected Row 1 or Row 2 flaw and was left in service at
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BOC 12 (15.7 degrees based on the length of the Row I circumferential PWSCC
indication detected in 2R1 1), and adding a growth rate of 15 degree per EFPY, the
resulting end of cycle 12 indication would be 39 degrees. This flaw length is much less
than the Row I and 2 100% throughwall structural limit length of 190 degrees, thereby
assuring structural integrity is satisfied at EOC conditions. The large margin between
the projected EOC flaw length and the structural limit allows for large NDE
uncertainties.

The Plus Point detection threshold for circumferential PWSCC maximum depth is about
35% as reported in section 8 of this enclosure. This detection threshold is assumed to
be applicable for axial and circumferential PWSCC in Row I and 2 U-bends. Adding
19% per EFPY maximum depth growth over 1.54 EFPY results in an end of cycle
maximum depth of 64% for axial and circumferential PWSCC in Row 1 U-bends.
Therefore, no leakage should be postulated in a faulted SG following a SLB at EOC 12.

In conclusion, no axial or circumferential PWSCC indications in row 1 and 2 U-bends
are expected that would challenge structural integrity performance criteria through EOC
12. In addition, no leakage should be postulated in a faulted SG following a SLB at
EOC 12 due to the extremely low probability that indications would tear ligaments and
pop through in one cycle.

7.0 Circumferential PWSCC in Row 3 to Row 10 U-Bends

As discussed earlier, the SG 2-4 secondary side pressure test identified a throughwall
indication in the U-bend region of SG 24 R5C62. Both the hot leg and cold leg of the
tube was observed to be leaking. Subsequent Plus Point inspection of the U-bend
region of the tube identified 35 circumferential PWSCC indications throughout the bend
region. As a result, the Plus Point inspection scope was expanded to the entire U-bend
region of 100% of the tubes in all four SGs. This was the first time that the entire U-
bend region of every tube had been 100% inspected with rotating coil probe technology.
Eleven additional tubes with circumferential PWSCC indications were detected during
this inspection, ranging from Row 3 to Row 10, specifically: rows 3, 4, 5, 6, 7, and 10.
Each SG had at least one indication. No indications were identified beyond row 10.
The bobbin coil was not able to reliably detect the U-bend circumferential indications,
as this coil is not qualified for detection of circumferential indications in SG tubing.

Detection of circumferential PWSCC in U-bends beyond row 3 was a first of a kind
occurrence in the industry. An operating experience report was issued to the industry.
PG&E initiated a root cause assessment team to establish a root cause and develop a
root cause report. An information letter was issued to EPRI SGMP to disseminate the
circumstances of the event so that other utilities may make informed decisions about
their SG programs. A complete eddy current evaluation of the 2R1 1 circumferential
PWSCC indications is provided in Attachment 1 to this enclosure, Framatome ANP
Report 51-5024976-00, Evaluation of U-bend Indications From Diablo Canyon Unit 2
Outage 2R1 1.
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Additional probes were used to aid in the root cause investigation, including X-probe,
rotating pancake probes, and high frequency Plus Point probe. In addition, video
probes were employed in each tube with U-bend indications to try to establish a
correlation of eddy current results with actual visual observations. The video probe
inspection of the indications confirmed that the indications were circumferential,
confined to the flanks, and relatively short. The video probe also confirmed that the
deepest SG 2-4 R5C62 indication was 100% through-wall, based on moisture observed
around the crack face.

All the indications originated from the ID of the tube, were circumferential but slightly
inclined, and located near the flanks (sides) of the tubes. Table 11 identifies the tubes
with circumferential PWSCC in rows 3 through 10 U-bends, and number of Plus Point
indications in each location. Table 12 provides the Plus Point voltages, depths, and
lengths of each indication. The Plus Point probe does not have quantified sizing
capability in U-bends, so the depths and lengths are estimates. The R5C62 indications
had much higher Plus Point voltages (maximum of 3.04 volt) compared to indications in
the other 11 tubes. The Plus Point length of the deepest (3.04 volt) indication in R5C62
was measured as 127 degrees from null to null. The maximum length of the indications
in the other 11 tubes was 39 degrees. The length of the deepest indications in R5C62
are considered to be overestimated due to lead-in and lead-out affect of the Plus Point
coil for an apparent 100% through-wall indication. In addition, as noted above, the
video probe inspection of the indications confirmed that they were relatively short.
Conservatively assuming that the length of the longest circumferential PWSCC
indication was 127 degrees, the length is less than the Rows 1 through 10 100%
throughwall structural limit length of 190 degrees for the limiting structural loads which
bound 3APNO conditions (WCAP-15147 draft Revision 2). This difference allows for
some margin for NDE uncertainty, even though NDE uncertainty margins on length do
not appear to be needed in this case due to the expected Plus Point length
overestimate for throughwall indications.

The root cause investigation determined that the circumferential PWSCC was caused
by residual stresses in the U-bends. PWSCC of mill annealed alloy 600 tubing is a
strong function of temperature and stress. Residual stress must be a significant
contributor to the total stresses in a U-bend tube for PWSCC to develop. Residual
stresses in the U-bends are created as a normal consequence of the cold forming
operation (bending process). The magnitude of the residual stress is a function of the
degree of plastic straining experienced in cold forming. The forming strains and
residual stresses decrease as the U-bend radius increases, thus cracking would be
expected first in low row tubes. U-bend residual stress measurements (performed in
the late 1970s by Framatome, EdF, and Westinghouse) and finite element analyses
confirm that the location of the highest residual tensile in U-bend tubes is on the flanks.
The fact that the cracks were deep and of very limited circumferential extent are
consistent with stress field predictions from large deformation finite element modeling of
bent tubes.
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All 12 tubes were in situ leak and proof tested to NOP, APSLB and 3APNO differential
pressures. Results of the in situ testing are shown in Table 7, and showed that only SG
2-4 R5C62 had leakage. At 2750 psi, the room temperature leak rate was 0.004 gpm.
Conversion of this leak rate to the DCPP 2405 psi APSLB differential pressure results in
a room temperature leak rate of 0.003 gpm, much less than 0.72 gpm allowable limit.
At 3APNO, no burst occurred and a room temperature leak rate of 0.0456 gpm was
measured. Therefore, structural and leakage margins were maintained at EOC 11 for
the worst case circumferential PWSCC indications in R5C62 and circumferential
PWSCC indications detected in rows 3 through 10 U-bends.

Operational Assessment

The 3APNO structural limit for 100% throughwall circumferential cracking is about 264
degrees, or 73 percent degraded area (PDA), not accounting for NDE uncertainty, per
WCAP-15147 Revision 1.

The growth rate of circumferential PWSCC in rows 3 through 10 cannot be quantified
because there is no back-to-back Plus Point data for these indications. However, as
described in Attachment 1, even though the bobbin coil cannot reliably detect
circumferential indications, a historical bobbin data lookup review of prior inspections
was performed for each of the 12 tubes with U-bend indications. The bobbin data
lookup was conducted knowing the exact flaw locations based on 2R1 I Plus Point
inspections. With the exception of the largest Plus Point indication in SG 2-4 R5C62,
the historical bobbin data review could not identify any of the indications in history. For
R5C62, the bobbin review identified indications as far back as 1996. This indicates that
the indications had slow growth. Moreover, the analytical and test information indicates
that cracks should remain short, i.e., once away from the flanks of the tube, the residual
stresses become compressive and crack growth in the hoop direction would be
expected to stop.

There is a large database of growth rates for axial PWSCC at dented TSPs, as
discussed in Enclosure 2 for PWSCC ARC. For the conservative data set used in the
PWSCC ARC cycle 12 operational assessment, the 95 percentile growth rates per
EFPY are bounded by 0.09 inch for length, 18% for maximum depth, and 15% per
EFPY for average depth. There is a smaller growth rate database for circumferential
PWSCC at dented TSPs. As discussed in Section 8 of this enclosure, the 95 percentile
growth rates per EFPY for circumferential PWSCC at dented TSPs are 15 degree, 19%
maximum depth, and 14% average depth. These numbers are essentially the same as
axial PWSCC at dents, and are therefore used in the operational assessment for
circumferential PWSCC in U-bends. Considering that bobbin indications in R5C62
could be traced to 1996, and that Unit 2 has accumulated 6 EFPY since 1996, a
circumferential PWSCC indication at 2R1 I would have to be at least 90 degrees after
applying a growth rate of 15 degree per EFPY. This length is longer than visually
observed in 2R1 1, and thus the growth rate represents a conservative upper bound
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prediction, even though growth in the hoop direction would be expected to stop as
discussed above.

The assumed detection threshold for circumferential PWSCC in Rows 3 and higher is
39 degrees (the maximum length of the 2R1 1 indications, excluding R5C62). Adding
23 degrees growth (corresponding to a cycle length of 1.54 EFPY) to the detection
threshold results in a projected EOC 12 circumferential PWSCC indication of 62
degrees. This length is much less than the 190 degree structural limit, thus allowing
large margins for NDE length measurement uncertainty. In addition, the axial stress
field in the flanks of the U-bends is very limited in circumferential extent, which is
consistent with the short flaw lengths found for previously uninspected tubes.
Consequently, the potential circumferential extent is much less than the structural limit.
Therefore, structural margins would be maintained at EOC 12.

The possibility of circumferential PWSCC in Rows 11 and higher U-bends at EOC 12 is
unlikely, given the 100% Plus Point inspection performed in 2R11 with no detected
indications, and the decreasing residual stresses in higher rows. The structural limit for
circumferential PWSCC in Rows 11 and higher U-bends would be less than that for
Row 1 through 10 U-bends. Nonetheless, based on the low probability of indications in
higher rows, the limited circumferential involvement expected based on U-bend stress
considerations and the large margins identified for indications in lower rows, there
would be large structural margins for postulated EOC 12 indications in Rows 11 and
higher.

Because Plus Point inspections were performed in 100% of the U-bends and secondary
side pressure testing was performed in all SGs to assist in identification of throughwall
indications, it is reasonable to assume that all 100% throughwall U-bend indications
were detected and plugged. The Plus Point detection threshold for circumferential
PWSCC maximum depth is about 35% as reported in section 8 of this enclosure.
Adding 19% per EFPY maximum depth growth over 1.54 EFPY results in an end of
cycle maximum depth of 64%. Therefore, leakage integrity would be maintained for
cycle 12.

In conclusion, no circumferential PWSCC indications in U-bends are expected that
would challenge structural integrity performance criteria through EOC 12. In addition,
no leakage should be postulated in a faulted SG following a SLB at EOC 12 due to the
extremely low probability that indications would tear ligaments and pop through in one
cycle. This conclusion is validated based on the results of in situ pressure testing
results of the worst case throughwall indication in R5C62, which demonstrated
structural integrity at 3APNO conditions and significant SLB leakage margin compared to
the performance criteria limit.

8.0 Circumferential PWSCC and ODSCC at Dented TSP Intersections
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Six circumferential PWSCC indications and one circumferential ODSCC indication were
detected by Plus Point at > 2 volt dented hot leg TSP intersections, as listed in Table 8.
All the circumferential indications (SCI) were plugged. The smallest dent voltage at
which circumferential cracking was detected in 2R1 I was 6.7 volts.

The SCI were sized using the technique described in Appendix B of WCAP-1 5573,
Revision 1. The depth profiles were then processed for corrections in accordance with
the depth adjustment rules in Section 4.10.4 of WCAP-15573, Revision 1. The
adjusted NDE results were corrected for 95 percentile NDE uncertainty using the NDE
uncertainty regression parameters in Tables 4-19 to 4-21 in WCAP-15573, Revision 1.
The adjusted NDE and adjusted NDE with uncertainty results are listed in Table 7.

The 3APNO structural limit for a SCI is about 264 degrees, assuming a 100%
throughwall defect. The longest NDE lengths were 52.5 degrees for PWSCC and 35.6
degrees for ODSCC, and are adjusted to 106.9 degrees and 175.2 degrees after
applying large 95 percentile NDE uncertainties. These lengths are less than the 264
degree structural limit. Therefore, structural integrity was satisfied at EOC 11.

The Plus Point voltage of the 2R1 I TSP circumferential ODSCC indication was 0.15
volts, much less than the 1.31 volt threshold for leak testing of circumferential ODSCC
indications at explosive expansions (approximately equivalent to a dented TSP)
documented in EPRI draft report 1007904. The largest Plus Point voltage of the 2R1 1
TSP circumferential PWSCC indications was 0.54 volts, much less than the 1.25 volt
threshold for leak testing of circumferential PWSCC indications in explosive transitions
(approximately equivalent to a dented TSP) documented in EPRI draft report 1007904.
In addition, the largest NDE maximum depths were 68.7 percent for ODSCC and
78 percent for PWSCC, including 95 percent NDE uncertainty. Based on these NDE
measurements, the circumferential indications were shallow and no SLB leakage
should be postulated for these indications at EOC 11.

Per WCAP-1 5573, Revision 1, Section 4.13, the largest projected EOC average depths
are 54 percent for PWSCC and 64 percent for ODSCC. The largest average depths
detected in 2R1 1 were 34.7 percent for PWSCC and 34.4 percent for ODSCC with no
NDE uncertainty added, and 49.4 percent and 53 percent with 95 percent NDE
uncertainty. Thus, the projected EOC indications bound the largest indications found in
2R1 1.

Operational Assessment

The six TSP intersections containing circumferential PWSCC and the one TSP
intersections containing circumferential ODSCC were also inspected by Plus Point in
2R10 and were detectable in 2R10 data based on a lookup. The growth rates were
very small. Adding these data points to the existing data points from WCAP-1 5573
Revision I and from IR1 I results in the following growth rates:
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Post-2R1 1 95% Probability Growth Rates per EFPY for TSP Circumferential Cracking
Kunin Minima Distribution

PWSCC ODSCC
Average Depth 14% 9%
Maximum Depth 19% 17%

Length 15 deg 27 deg
Number of DCPP data points 24 9

The limited data would indicate that PWSCC depth growth rates are larger than
ODSCC. However, due to the small population of ODSCC growth data points, the
ODSCC growth is conservatively assumed to be the same as PWSCC.

The AD growth data at 95% cumulative probability can be combined with the estimated
detection thresholds derived from destructive examination (no NDE uncertainty is
necessary) to obtain a deterministic projection of expected EOC 12 average depths.
Based on the 2R10 lookup, the average depth of the TSP ODSCC circumferential
indication was 25%, which is less than the 35% AD detection threshold estimated for
ODSCC. Based on the 2R1 0 lookup, the mean average depth for TSP PWSCC
circumferential indications not detected at 2R1 0 was 31 %, which is slightly larger than
the 25% AD detection threshold estimated for PWSCC. Therefore, the AD detection
threshold for PWSCC is assumed to be 31%.

The projected EOC 12 average depths are given in the following table, and are greater
than or equal to the largest indications found to date.

Average Depth Comparison of EOC Projected TSP Circumferential Indications with
Largest Measured Indications

l PWSCC ODSCC
Detection threshold for Average Depth 31 % 35%
+95% AD growth over 1.54 EFPY cycle 22% 22%

Projected EOC 12 Average Depth 53% 57%
Largest Average Depth found to date 49% 57%

From the above table, the deepest projected EOC 12 circumferential indication at a
dented TSP is 57% average depth. Assuming that this flaw is 57% average depth over
360 degrees results in a very conservative EOC 12 projection of 57 percent degraded
area (PDA). This conservative projection is less than the circumferential indication
structural limit of 73 PDA, provided in WCAP-15147 Revision 1, Regulatory Guide
1.121 Analysis for Diablo Canyon Units I and 2 to Define Structural Limis for Various
Modes of Degradation." Since the largest circumferential crack angle found at 2R1 1
was 175 degrees including adjustment for angle uncertainty at 95% probability, the
assumption that the projected EOC 12 indication is 360 degrees is extremely
conservative.
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Similar to above, the maximum depth (MD) growth data at 95% cumulative probability
can be combined with the estimated detection thresholds derived from destructive
examination (no NDE uncertainty is necessary) to obtain a deterministic projection of
expected EOC 12 maximum depths. Based on the 2R10 lookup, the maximum depth
of the TSP ODSCC circumferential indication was 40%, which is less than the 45% MD
detection threshold estimated for ODSCC. Based on the 2R10 lookup, the mean
maximum depth for TSP PWSCC circumferential indications not detected at 2R1 0 was
45%, which is slightly larger than the 35% MD detection threshold estimated for
PWSCC. Therefore, the AD detection threshold for PWSCC is assumed to be 45%.

The projected EOC 12 maximum depths are given in the following table, and bound the
largest indications found to date.

Maximum Depth Comparison of EOC Projected TSP Circumferential Indications with
Largest Measured Indications

l__ _ __ PWSCC ODSCC
Detection threshold for Maximum Depth 45% 45%
+95% MD growth over 1.54 EFPY cycle 29% 29%

Projected EOC 12 Maximum Depth 74% 74%
Largest Maximum Depth found to date 68% 72%

The projected EOC 12 maximum depth of 74% presents no challenge to SLB leakage
integrity.

Based on the comprehensive inspection of dented TSP intersections during 2R1 1, the
slow rate of circumferential degradation growth, acceptably low detection threshold, the
limited maximum angular extent associated with circumferential cracks, and large
structural margin associated with circumferential indications, no TSP circumferential
indications are expected that would challenge structural performance criteria at EOC
12. Since the largest projected maximum depth is not near throughwall, it is also
unlikely that TSP circumferential indications will tear ligaments and pop through over
the next cycle. Therefore, no leakage is postulated in a faulted SG following a SLB at
EOC 12.

9.0 Combined Axial PWSCC and Axial ODSCC at Dented TSP Intersections

Seven tubes contained axial PWSCC and axial ODSCC (ID/OD) indications located at
the same dented TSP intersection. These tubes were plugged because this type of
flaw combination is excluded from both PWSCC ARC and ODSCC ARC application.
Six of these intersections had either ID or OD indications that were left inservice in the
prior inspection (2R10): four axial ODSCC indications under ODSCC ARC, and two
axial PWSCC indications because they were less than 40 percent maximum depth.
The remaining one intersection had no indications of either ID or OD degradation in
2R10 based on 2R10 Plus Point inspection.
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PG&E letter to the NRC dated August 22, 2002 (letter DCL-02-098) derived a bounding
conservative hoop direction ligament thickness of 0.1 inch (2 times the tube wall
thickness of 0.050 inch), such that if this separation distance is met or exceeded, there
is no interaction relative to either burst pressure or leak rate.

Based on review of the eddy current data and terrain maps for all 7 ID/OD intersections,
the axial PWSCC and axial ODSCC components are separated by hoop direction
ligament gaps. The shortest gap is 53 degrees (0.40 inch). This separation distance
exceeds the required hoop direction ligament thickness of 0.1 inch. Therefore, the
flaws are treated independently for CM, under their respective ARC, for structural and
leakage integrity.

Operational Assessment

Extent of Inspection at Dented TSP Intersections

All ID and OD bobbin indications in any size dent were Plus Point inspected. In
addition, as discussed in the PWSCC ARC enclosure, Plus Point inspections were
performed on 100% of all intersections with greater than or equal to 5 volt dents, and
100% of intersections with greater than 2 volt and less than 5 volt dents up to the
highest hot leg TSP with any PWSCC indication and 20% of greater than 2 and less
than 5 volt dents at the next highest TSP.

Based on the extent of the inspection and repair of all detected combined ID/OD
indications, any potential combined PWSCC and ODSCC indications left in service at
dented TSP intersections would have one of the indications below the detection
threshold of the +Point coil or both of the ID/OD indications would be new indications.
The +Point detection threshold would be expected to be less than 30% and 20%
maximum depth for ODSCC and PWSCC indications, respectively. As a consequence
of the low detection thresholds and modest crack depth and length growth rates for
both axial PWSCC and ODSCC (see PWSCC ARC report and ODSCC ARC report in
separate enclosures), deep new indications would not be expected at EOC 12.

Number of Occurrences of Combined Axial PWSCC and ODSCC Indications

As discussed above, a total of 7 tubes were reported in the 2R1 1 inspection with
combined axial PWSCC and axial ODSCC (ID/OD) indications located at the same
dented TSP intersection. These tubes were plugged because this type of flaw
combination is excluded from both PWSCC ARC and ODSCC ARC application.

All data on combined ID/OD indication through 2R1 1 are given in Table 10. A total of
82 TSP intersections have been identified with combined ID/OD indications, 9 for Unit 2
and 73 for Unit 1. Of the 82 total intersections, only 32 were found in previously active
tubes, while the remainder were detected in tubes that were deplugged and then
replugged.
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Denendence of Combined Axial PWSCC and ODSCC Indications on Dent Voltaae

The vast majority (80 out of 82) of the IDIOD intersections have small dents, less than 5
volts. The two intersections with greater than 5 volt dents were associated with
deplugged tubes.

The dominance of axial ODSCC at non-dented TSP intersections or intersections with
small dents is expected based upon experience in eddy current examination of > 5 volt
dents as part of ODSCC ARC applications. Few indications have been reported in > 5
volt dents under ARC applications for many plants. For DCPP Units I and 2, axial
ODSCC has been detected in only 12 intersections with >5 volt dents, with the first
occurrence in 1 R9 and 2R9, and none in 2R1 1. This number is small when compared
to the number of Plus Point inspections of greater than 5 volt dents (e.g., over 400 and
1200 >5 volt dent inspections in 2R1 1 and 1 RI 1, respectively). The number is also
small when compared to the number of ODSCC signals detected in active tubes in
1 RI 1 (1022) and 2R1 1 (1873). When the intersection is highly dented, corrodents can
be expected to have increased difficulty in concentrating within the crevice, and axial
ODSCC is very infrequent in large dents. Consequently, the potential occurrence of
combined ID/OD indication can be expected to be dominantly limited to dents < 5 volts
as supported by DCPP Units 1 and 2 inspection results. This limits the potential
population of TSP intersections with significant potential for combined ID/OD
indications, and also increases the likelihood of bobbin detection in less than 5 volt
dents.

Crack Sizes for Combined Axial PWSCC and ODSCC Indications

The Plus Point sizing of all PWSCC indications at TSP intersections with ODSCC
indications are given in Table 10. Table 10 also provides the Plus Point and bobbin
voltages for the ODSCC indications. The largest maximum and average depths for the
PWSCC indications in previously active tubes at these intersections are shallow, only
45% and 31%, respectively. New PWSCC indications are also small as discussed
below. The largest voltages for the ODSCC indications at intersections with PWSCC in
active tubes are 4.58 bobbin volts and 2.66 Plus Point volts (2R11 SG 2-2 R22C67).
The 4.58 bobbin voltage is well below the ODSCC ARC structural limit of 9.45 volts and
would have less than a 50% probability of leaking as a free span indication, per the
updated ODSCC ARC correlations in Attachment I of Enclosure 4. The other ID/OD
indications in Table 10 are small, and it can be expected that all indications found to
date at TSP intersections with combined ID/OD cracks have large structural margins
and no leakage.

New Indication Crack Sizes and Growth Rates

Since either the PWSCC or ODSCC indication or both indications must be a new
indication, new indication crack sizes are of interest for assessing potential interaction
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between the ID and OD indications. Both the ID and OD new indications are small.
The largest I RI 1 and 2R1 1 maximum and average depths for all new PWSCC
indications are 55% and 35%, respectively. The largest of all new ODSCC indications
at any TSP intersection has a bobbin coil voltage of 2.3 volt in 2R1 1 and 1.6 volt in
1 RI 1. The average voltage for new indications is 0.51 volts in I RI 1 and 0.45 volts in
2R1I. The largest new ODSCC indication at a TSP with ID/OD indications in Table 10
had a bobbin voltage of 1.29 volts and a largest Plus Point voltage of 0.38 volts. The
largest new PWSCC indication at a TSP with ID/OD indications in Table 10 had a
maximum depth of 45%. Since both the new PWSCC and ODSCC indications are
small, the structural influence of a new ID or OD indication interacting with an indication
left in service would be small even under the very low likelihood of closely spaced
indications.

The PWSCC maximum depth, average depth, and length growth rate distributions from
the five prior cycles are provided in a separate enclosure. The 2R1 1 growth rates are
small and bounded by the pre-2R11 cumulative growth distributions used in the
PWSCC ARC operational assessment. The 1 RI 1 and 2R I ODSCC bobbin voltage
growth distributions for new indications and prior indications indicate that new indication
growth is considerably smaller than growth for prior indications. The upper 95%
growthIEFPY for new ODSCC indications is 0.248 volts and 0.237 volts for 1 RI 1 and
2R1 1, respectively. Based on the modest growth rates for new PWSCC and ODSCC
indications, any new indications occurring to obtain combined ID and OD flaws at the
same intersection would continue to be small indications.

Separation Distances Between Axial PWSCC and ODSCC Indications

Based on review of the eddy current data and terrain maps for DCPP Units 1 and 2
intersections with combined ID/OD indications, the axial PWSCC and axial ODSCC
components are separated by hoop direction ligament gaps in excess of 300 (0.23").
The angles separating the PWSCC and ODSCC indications are given in Table 10. The
lowest separation angle found in DCPP Units 1 and 2 is 340 (0.26"), found at 1 RI 1.
The separation angles between axial PWSCC and ODSCC indication are
predominantly in the 400 to 900 range. This range of separation angles can be
expected based upon the separation distances between the locations of maximum
hoop stress on the tube ID and OD at dented TSP intersections as discussed below.

Figure 1 shows the UT circumferential dent profile for DCPP Unit 1 1 R7 pulled tube
R12C32-1 H, which had a dent voltage of 1.1 volts. The UT profile indicates a
maximum dent indentation of about 7.3 mils, which is large for a 1.1 volt dent. The
maximum OD hoop stress resulting from the local dent deformation would occur at the
point of maximum OD curvature. From Figure 1, this occurs at about 45° to 500
(absolute angle of about 2650 in Figure 1) from the centerline of the PWSCC crack.
Other UT profiles from Diablo Canyon pulled tubes show similar dent shapes and
angles between the PWSCC crack and maximum OD curvature ranging from about 400
to 900 where the larger value occurred for pulled tube RI OC22-2H (Figure 2). For
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RI OC22, the major diameter (5.9 mil diameter increase) of the strongly ovalized tube
had the greatest OD curvature. For R21C43 as shown in Figure 3, the location of
maximum OD curvature is about 700 left of vertical (between absolute angles of 1500
and 1800) from the upper axial crack near 900. The DCPP Units 1 and 2 PWSCC to
ODSCC crack separation angles are consistent with the expected range of crack
separation based on the Diablo Canyon dent profiles. The DCPP crack separation
distances and the expected distances based on the dent profiles exceed the required
hoop direction ligament thickness of 0.1 inch. Therefore, the DCPP ID/OD flaws can be
evaluated independently for burst and structural integrity under their respective ARCs.
Further development of this conclusion is provided in the following sections.

Contributing Causes for Axial PWSCC at Dented PWSCC Indications

Axial PWSCC is found at one or two locations at dented TSP intersections. When two
cracks occur, the cracks are separated by about 1800 (Figure 3) and occur at the minor
axis of the ovalized tube such as for the dent shapes of Figures 1 to 3. At the minor
axis, the ID hoop stresses are the largest and the crack locations are consistent with
the maximum ID hoop stress locations as also shown in the figures. The typical dent
has a local deformation superimposed on the ovalized tube as seen in the figures. The
PWSCC indications are dominantly within the TSP although a few occurrences of
cracks outside the TSP are found in the inspections and can be reasonably expected
when significant ovalization extends to the axial length outside the TSP.

Contributing Causes for Axial ODSCC at Dented PWSCC Indications

Axial ODSCC cracks can occur at dented TSP intersections as a result of increased OD
hoop stresses from the dent or from corrodents within the crevice with or without a dent.
The latter is the source of OD corrosion at non-dented TSP intersections. When the
intersection is highly dented, corrodents can be expected to have increased difficulty in
concentrating within the crevice, and axial ODSCC is very infrequent in large dents.
The latter conclusion is supported by ODSCC ARC testing in > 5 volt dents where few
indications are found, and by the lack of significant ODSCC cracking within the TSP
crevices in highly dented SGs, such as the replaced North Anna and Indian Point SGs.

Axial ODSCC caused by dent deformation would be circumferentially separated from
the axial PWSCC cracks due to the differences in locations of the maximum ID hoop
stress at the minor axis of ovalized dent shapes and the maximum OD hoop stress at
the point of maximum OD curvature of the local deformation or ovalization (maximum
curvature corresponds to the smallest radius of curvature). The axial PWSCC and
ODSCC cracks caused by the dent stresses would not be closely spaced and clearly
not superimposed upon each other in axial alignment. As discussed below, the point of
maximum ID stress in a dent that causes the PWSCC crack has a high OD
compressive stress such that OD cracking would not be expected at the minor tube
axis. As noted in the earlier discussion of separation distances, the ID and OD cracks
at dented TSP intersections have separation angles dominantly between 400 and 900
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(minimum of 340), which exceed crack separation distances required to prevent
interaction between axial cracks. The UT profiles of Figures 1 to 3 show expected
crack separation distances of 450 and 900 based on locations of maximum OD
curvature. Consequently, axial PWSCC and ODSCC indications resulting from dent
stresses have a negligible potential for reductions in burst pressure or increased
leakage above that of the individual indications evaluated as isolated cracks.

Axial ODSCC resulting principally from corrodents in the crevice can be widely
distributed around the tube at non-dented intersections. Microcracks that are shallow
dominate the numbers of cracks around the circumference and may result from residual
surface stresses in the tube. Macrocracks form at one or more locations when the
microcracks grow and coalesce by corrosion of the ligaments between the microcracks
to form significant axial lengths. It would be expected that the microcracks form where
the OD hoop stresses are the largest. The largest OD hoop stresses in a dented tube
lead to crack separation from the ID cracks as discussed in the above paragraph.
Consequently, even when the ODSCC would be principally from corrodents in non-
dented tubes, the axial ODSCC macrocracks for dented tubes can be expected to be
separated from the PWSCC axial cracks. The potential for some shallow ODSCC
microcracks near axial PWSCC in dented tubes is also small due to the high OD
compressive stresses near the points of the minor axis of the ovalized tube unless the
microcracks formed before denting (i.e., in the first cycle of Diablo Canyon SG
operation). Although the potential for ODSCC microcracks cannot be excluded, these
cracks would be too shallow to significantly influence the axial PWSCC burst pressure
or leakage. If present, these microcracks have not grown to detectable levels since no
ODSCC Plus Point indications have been found at less than 300 from the nearest axial
PWSCC crack.

Stress Results from Finite Element Model of a Dented Tube

A stress analysis of the dent in DCPP Unit 1 pulled tube R12C32-1 H was previously
performed. Three cases were analyzed varying the axial denting force centered at the
TSP centerline at 40%, 60% and 100% of the 0.75 inch TSP thickness. The results
show that the maximum ID hoop stress occurs, as expected, along the vertical
centerline of the local deformation and the maximum hoop stress exceeds yield while
not strongly dependent on the length of the applied dent forces. The OD hoop stress
along the dent centerline is highly compressive. Even the mid-wall hoop stresses are
compressive over all or most of the length of the applied denting force. The high OD
compressive hoop stresses at the minor axis of the ovalized dent shape and local
deformation can be expected to prevent initiation of ODSCC closely spaced (about
<300) with the axial PWSCC indications. Since the mid-wall stresses are predicted to
also be compressive near the location of maximum dent deformation, the PWSCC
cracks would be expected to be shallow with low growth rates as found for DCPP Units
I and 2. This expectation is consistent with DCPP Units I and 2 inspection results for
which the maximum reported depths for a PWSCC crack in an active tube at 1 R11 and
2R1 1 were 55% maximum depth and 35% average depth.
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Conclusions Relative to Closely Spaced Axial PWSCC and ODSCC Indications at
Dented TSP Intersections

Based on the above assessments, the potential for closely spaced axial PWSCC and
ODSCC macrocracks at the same dented TSP intersection is negligible due to the high
compressive OD hoop stresses near the minor axis of dent ovalization where the
PWSCC occurs. Even the potential for shallow ODSCC microcracks is negligible
unless formed prior to the denting which occurred in the first cycle of operation for the
Diablo Canyon SGs. Consequently, combined PWSCC and ODSCC indications at the
same dented TSP intersection would have no impact on the operational assessment,
and separate operational assessments for the individual indications are appropriate.

The circumferential locations of axial PWSCC and ODSCC cracks should be different
based on stress state considerations as discussed above. Even in an aggressive
environment there must be a stress to drive the crack. In the hoop direction, the
initiation of a crack should relieve the tendency for the adjacent formation of a
macrocrack. Microcracks can still form because of residual surface stress although the
high compressive stresses at the locations of maximum dent deformation are expected
to exceed any residual or applied hoop tensile stresses. If a residual surface stress is
the initiator, then the crack should be no more than a microcrack and interaction would
not be expected to be meaningful. Once the first crack has formed there should be little
impetus for another closely spaced significant crack to form because the stress
intensity factor for the already formed crack would tend to make it continue to grow. If
microcracks do form ahead of existing cracks, the stress field is very intense in the
immediate vicinity (the plastic zone), and their tendency is to grow to the tip of the
existing crack thereby providing one mechanism for extension of the macrocrack. This
coalescing of cracks is the mechanism for growth in length of the macrocrack.

The inspection results for the separation distances between PWSCC and ODSCC
cracks show separation distances of > 300, which is consistent with expectations based
on dent shapes from Diablo Canyon pulled tubes measured by field UT examinations.
A separation distance of > 300 is adequate to permit the indications to behave
structurally as independent cracks with no significant interaction affects on burst
pressure or leakage. A conservative requirement on the separation distance for no
interaction is about 130 (separation distance of 0.10 inch). Burst test results for
throughwall EDM notches with separation angles as small as 180 (tests with 20 TW
notches around tube circumference) in expansion transitions show no reductions in
burst pressure compared to single notches of the same throughwall length.

If an ID or OD indication is left in service under the applicable ARC at a dented TSP
intersection, any additional OD or ID crack to form combined ID/OD cracks at the same
TSP intersection must be below the Plus Point coil detection threshold since all tubes
with combined ID/OD cracks are repaired. The sizes and growth rates for new PWSCC
and ODSCC indications at Diablo Canyon are small as shown by the 1 R1 I and 2R1I
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inspection results. The small sizes for the new indications reduce the potential for burst
pressure or leakage effects from combined ID/OD cracks even under the very unlikely
assumption that the indications are more closely spaced than found to date (minimum
of 340).

10.0 Circumferential ODSCC in WEXTEX Region

One circumferential ODSCC indication (SCI) in the hot leg top of tubesheet WEXTEX
transition region was detected by Plus Point in 2R1 1. The Plus point data is listed in
Table 8.

The SCI was sized using the technique described in Appendix B of WCAP-1 5573,
Revision 1. The depth profiles were then processed for corrections in accordance with
the depth adjustment rules in Section 4.10.4 of WCAP-15573, Revision 1. The
adjusted NDE results were corrected for 95 percent NDE uncertainty using the NDE
uncertainty regression parameters in Tables 4-19 to 4-21 in WCAP-1 5573, Revision 1.
The adjusted NDE and adjusted NDE with uncertainty results are listed in Table 8.

As noted in Table 8, the location of the SCI was 0.07 inch above the top of tubesheet.
The SCI was located in WEXTEX Zone 4 (center region) of the top of tubesheet. Zone
4 is noted to have the most tube scale buildup.

The 3APNO structural limit for an SCI is about 264 degrees, assuming a 100 percent
throughwall defect. The measured length was 77.7 degrees, and adjusted to 192.5
degrees after applying large 95 percent NDE uncertainties. This length is less than the
264 degree structural limit. Therefore, structural integrity was satisfied at EOC 11.

The measured Plus Point voltage was 0.15 volts, much less than the 1.31 volt threshold
for leak testing of circumferential ODSCC in transitions as documented in EPRI draft
report 1007904. Based on this voltage, the SCI was shallow and no SLB leakage
should be postulated for this indication at EOC 11. The SCI has a high NDE adjusted
maximum depth of 85.5 percent. However, the deep depth at this low voltage is not
realistic and is most likely due to difficulties in sizing indications below about 0.5 volts.

Operational Assessment

The 2R11 WEXTEX transition circumferential ODSCC indication could be detected and
sized in the prior 2R1 0 data based on a lookup analysis. The lookup sizing used the
same WCAP-1 5573 Revision 1 sizing techniques. The following maximum growth rates
per EFPY were observed: 6.9 degree, 8% AD, and 10.5% MD. This growth data point,
along with 4 growth data points from the 1 RI 1 inspection, represent the only WEXTEX
transition circumferential ODSCC growth rate data points using the WCAP-1 5573
Revision 1 sizing techniques. Since the 2R1 I indication has a very low Plus Point
voltage (0.15 volts), similar to the small voltages of the I RI I top of tubesheet

3-26



Enclosure 3
PG&E Letter DCL-03-076

circumferential ODSCC indications, sizing of the indications for growth rates may not be
reliable.

Because of this limited growth data, the growth rates are assumed to be the same as
TSP circumferential PWSCC. Conservatively assuming the same detection threshold
as for TSP circumferential ODSCC, the projected EOC 12 average depth and maximum
depth would be 57% and 74%, respectively. Circumferential indications of this size
present no challenge to structural and leakage integrity, as described in the previous
section regarding TSP circumferential indications. The 2R1 1 WEXTEX transition
circumferential ODSCC indication has a maximum voltage of only 0.15 volts, rendering
depth sizing unreliable for comparison with projected EOC depths.

Based on the 100% Plus Point inspection of the hot leg WEXTEX region, observations
of small numbers of circumferential indications, very small growth rates, and large
structural margin, there is a low probability that ODSCC circumferential indications
located in the WEXTEX transition zone will challenge the 3APNO structural integrity
performance criteria through EOC 12. There is a low probability that circumferential
ODSCC indications in the WEXTEX transition zone would grow through-wall in a cycle,
and no leakage should be postulated in a faulted SG following a SLB at EOC 12.

11.0 Volumetric Indications

Ten OD volumetric indications (SVI) in 5 row 1 tubes were detected by bobbin and
confirmed by Plus Point in 2R1 1, as listed in Table 9. The locations are located about
22 inches above the top of hot leg tubesheet (TSH) and top of cold leg tubesheet
(TSC). Phase sizing of these indications was performed using 300 kHz +Point data,
and the results are shown in Table 9. The Plus Point voltage of the largest flaw was
about 1.6 volt, with an estimated length of 1.1 inch, maximum depth of 50% through-
wall, and width of 0.50 inch.

These indications were believed to be damage caused by the "new" sludge lancing
equipment used in the prior 2R1 0 outage since all the defects are in row I tubes,
located about 22 inches above the top of the tubesheet, and were not present in 2R1 0
eddy current data, as sludge lancing in 2R10 was conducted after the eddy current
inspection.

These defects were made in 2R10 when the enhanced Westinghouse sludge lance
tooling was used, which utilized a monorail system. The enhanced equipment allowed
10 row coverage per index, which was quicker than the four row coverage per index
method used by the old equipment in prior outages. The enhanced system used
nozzles on only one side of the lance, which resulted in a flexing of the joints of the
monorail, allowing the lance to occasionally contact the tubes, producing wear at those
locations. The old method has never resulted in generation of tube defects, as it is
designed with opposing nozzles that keep the lance centered in the tube lane.
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Prior to 2R1 1, Westinghouse had determined that the enhanced equipment could
cause tube defects. As a result, Westinghouse transmitted letter LTR-SRC-01-042,
dated November 20, 2001, which identified DCPP 1 & 2, Beaver Valley 1, Seabrook,
Surry I and Vogtle I & 2 as potentially affected plants that have used the enhanced
equipment.

The enhanced equipment was only used in 1 RIO and 2R10. There were no similar
eddy current indications in IRI 1.

In situ pressure testing of all 5 tubes was performed up to 3APNO pressure. No leakage
was detected. Thus, condition monitoring was satisfied. All five tubes were plugged in
2R1 1, so there is no need for an operational assessment.

After 2R1 1, PG&E notified the industry of this event via OE1 5901, Steam Generator
Sludge Lance Damage to U-Tubes.

12.0 Cold Lea Thinning (CLT)

CLT indications at cold leg TSP intersections are detected by bobbin probes as part of
the 100 percent full-length bobbin inspection. CLT indications are sized by bobbin
(phase based depth sizing) using EPRI ETSS 96001.1. CLT indications are plugged if
bobbin indicates a depth greater than or equal to 40 percent through-wall.

Bobbin indications at cold leg TSPs with prior outage Plus Point were sized by bobbin
as CLT indications. Bobbin indications at cold leg TSPs in the CLT zone with no prior
outage Plus Point were inspected by Plus Point in 2R1 1. Volumetric indications
confirmed by Plus Point in the CLT region were sized by bobbin. If Plus Point did not
confirm the indication, the indication was left in service as a distorted OD signal (DOS).

In 2R1 1, 152 CLT indications were detected and sized by bobbin, of which 9 were
greater than or equal to 40 percent and plugged. 26 new CLT indications were
detected. The majority of CLT indications were located at either 1 C or 2C, with a few
indications at either 3C or 4C.

Based on development of a CLT structural model assuming elliptical wastage for the
flaws, the 1.4APSLB structural limit for a tube with CLT confined to the TSP is about 84
percent as provided in WCAP-15147 Revision 1. The CLT repair limit is 40 percent,
thereby allowing for NDE uncertainty and flaw growth progression.

Westinghouse report SG-SGDA-02-41, Cold Leg Thinning Database for Tube Integrity
Assessments and NDE Depth Sizing, October 31, 2002, reports that phase based
depth sizing of CLT indications is not reliable below about 1.9 volts because of low
signal to noise ratios.
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There were several 2R1 I CLT indications in which phase-based sizing yielded large
percent through-wall results at small bobbin voltage amplitudes. For example, of the 9
CLT indications that were greater than or equal to 40%, the 3 largest indications had
very small bobbin voltages and resulted in overestimated sizes (86% at 0.35 volts, 72%
at 0.46 volts, and 49% at 0.63 volts). Of the 26 new indications, the largest voltage was
0.98 volts (measured as 5% through-wall), and the largest measured throughwall was
86% (0.35 volts). Based on the SG-SGDA-02-41 results that show a 1.9 volt indication
corresponds to about a 40% maximum depth, CLT indications less than 1.9 volts can
be excluded from current tube integrity assessments that rely only on phase sizing.

The deepest indication identified in 2R11 with a bobbin voltage greater than 1.9 volts
was 42 percent through-wall. In accordance with EPRI ETSS 96001.1, sizing of CLT
with bobbin coil has an NDE standard regression error of 16.4% at 90/50 confidence.
Standard error for analyst uncertainty at 90/50 confidence is 0.89% times 1.28, or
1.14% (reference 'Appendix G Generic NDE Information from CM/OA," extracted from
uCapabilities of Eddy Current Analysts to Detect and Characterize Defects in SG
Tubes," Doug Harris, presented at November 1996 EPRI NDE workshop). The
combined NDE system uncertainty (SRSS) of the analyst and technique uncertainties is
16.4%. Adding total NDE uncertainty to the 42% bounding indication results in a CLT
flaw of 58.4%, which is less than the CLT structural limit of 84%. Therefore, the
structural integrity performance criteria were satisfied for this bounding indication at
EOC 11. Because greater than 1.9 volt CLT indications were too shallow to consider
ligament tearing (pop through), no leakage is postulated in a faulted SG following a SLB
at EOC 11. The 42% bounding indication in 2R1 1 was less than the bounding flaw size
projected in the prior cycle OA.

Operational Assessment

There were 26 new CLT indications in 2R1 1, and all were detectable in the prior outage
based on a lookup of 2R10 bobbin data. The 95 percentile growth rate of all indications
is 9.4% per EFPY. For CLT indications that were greater than or equal to 1.9 bobbin
volts in 2R1 1 (16 growth data points), the maximum growth rate was 4.9% per EFPY.

The sum of the largest CLT indication remaining in service following an inspection
(39%), plus 9.4% per EFPY growth, plus 16.4% NDE uncertainty, results in a projected
EOC 12 flaw size of 70% through-wall. This value is less than the CLT structural limit of
84%. The projected EOC 12 depth bounds the largest CLT indication detected in 2R1 1
that was greater than 1.9 volt.

In conclusion, no CLT indications are expected to challenge structural integrity
performance criteria through EOC 12. In addition, no leakage should be postulated in a
faulted SG following a SLB at EOC 12 due to the extremely low probability that CLT
indications would tear ligaments and pop through in one cycle.

13.0 Antivibration Bar (AVB) Wear
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AVB wear indications are detected by bobbin probes during the 100 percent full-length
bobbin inspection. AVB wear indications are sized by bobbin using EPRI ETSS
96004.1. AVB wear indications are plugged if bobbin indicates a depth greater than or
equal to 40 percent through-wall.

In 2R1 1, bobbin identified 287 AVB wear indications, of which 3 were greater than or
equal to 40 percent and plugged. 28 new indications were detected.

The 3APNO structural limit for the worst case tube with AVB wear is about 65 percent as
provided in WCAP-1 5147 draft Revision 2. The AVB wear repair limit is 40 percent,
thereby allowing for NDE uncertainty and flaw growth progression.

The deepest indication identified in 2R1 1 was 41 %. In accordance with EPRI ETSS
96004.1, sizing of AVB wear with bobbin coil has an NDE standard regression error of
5.74% at 90/50 confidence. Standard error for analyst uncertainty at 90/50 confidence
is 0.86% times 1.28, or 1.1 % (reference "Appendix G Generic NDE Information from
CMIOA," extracted from "Capabilities of Eddy Current Analysts to Detect and
Characterize Defects in SG Tubes," Doug Harris, presented at November 1996 EPRI
NDE workshop). The combined NDE system uncertainty is SRSS of the analyst and
technique uncertainties, 5.8%. Adding total NDE uncertainty to the bounding indication
results in a AVB wear flaw of 46.8%, which is less than the AVB wear structural limit of
65%. Therefore, the structural integrity performance criteria were satisfied for this
bounding indication at EOC 11. Because AVB wear was too shallow to consider
ligament tearing (pop through), no leakage is postulated in a faulted SG following a SLB
at EOC 11. The largest 2R1 I flaw size was less than the bounding flaw size projected
in the prior cycle OA.

Operational Assessment

A growth rate assessment was performed on AVB wear indications for which bobbin
calls were made in 2R1 1 and 2R10. Also included in the growth assessment were
2R1 0 lookup calls of new 2R1 1 indications. All new indications were detectable in
2R10 based on lookups. As a result, 287 indications are in the growth distribution, and
the 95% growth rate per EFPY is 3.0%.

The sum of the largest detected AVB wear indication remaining in service following
2R1 1 (39%), plus 3% per EFPY growth, plus 5.8% NDE uncertainty, results in a
projected EOC 12 flaw size of 49.7% through-wall. This value is less than the AVB
wear structural limit of 65%. The projected EOC 12 depth bounds the largest indication
detected in 2R1 1.

In conclusion, no AVB wear indications are expected to challenge structural integrity
performance criteria through EOC 12. In addition, no leakage should be postulated in a
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faulted SG following a SLB at EOC 12 due to the extremely low probability that AVB
wear indications would tear ligaments and pop through in one cycle.

14.0 Tube Support Plate (TSP) Ligament Thinning

Starting in 1 R8 and 2R8, PG&E implemented an inspection program to detect
degradation of steam generator TSPs. A summary of this program was reported to the
NRC in response to GL 97-06 (PG&E Letter DCL-98-046 dated March 27, 1998).
Visual inspections performed in 1R8 confirmed several missing TSP ligaments.
Westinghouse has concluded that the missing TSP ligaments are related to TSP drilled
hole manufacturing anomalies. The TSP manufacturing practices employed at the time
that the DCPP steam generators were produced used a stacked drilling procedure.
Several TSPs were clamped together and drilled simultaneously. A review of the
suspect ligament crack (SLC) locations indicates distinct location patterns, indicative of
manufacturing anomalies of the automatic drilling equipment.

The eddy current inspection program consists of several steps: bobbin inspection to
detect SLC using computerized data screening; Plus Point sample inspection of existing
Plus Point confirmed "baseline" indications; and Plus Point inspection of newly detected
bobbin SLC indications. Plus Point confirmed indications are called either ligament
crack indication (LIC) or ligament gap indication (LIG). The following provides a
summary of the 2R11 inspection results.

Baseline Inspection and Results

To satisfy 20 percent inspection recommendations in the EPRI guidelines and to ensure
that the current TSP condition is not changing, Plus Point inspection of 100 percent of
the baseline indications in all Unit 2 SGs was performed in 2R1 1. There were 51
baseline indications before 2R1 1.

In 2R1 1, Plus Point confirmed all 51 baseline indications (50 LIC and I LIG). For the
one repeat LIG indication, a gap measurement of 86 degrees was reported. This is the
same gap size reported in 2R10, thus indicating no change in the material condition of
the TSPs.

Inspection for New Indications

Plus Point confirmed 19 new indications (18 LIC and 1 LIG). Eleven of the LIC
indications were located in SG 2-3 at the 7th TSP. These indications were not called by
bobbin, and were detected by Plus Point as part of the first of a kind 100% U-bend
region inspection. As such, there were no prior rotating probe inspections at these
locations. Since TSP ligament indications are normally detectable by both Plus Point
and bobbin coil, the 2R1 I bobbin data was re-analyzed at these locations. Very weak
or nonexistent SLC signals were present at nine locations, and two indications were
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detectable and then traced to the preservice inspection baseline data, indicating that
they did not initiate during plant operation.

Eight of the new indications (seven LIC and one LIG) were located in SG 2-2 at 4C and
5C TSPs, called by bobbin, and subsequently inspected and confirmed by Plus Point.
For the LIG indication, a gap measurement of 20 degrees was reported, and a bobbin
indication was traceable to the preservice inspection baseline data, indicating that it did
not initiate during plant operation. For the 7 LIC indications, prior outage bobbin data
was reviewed. All 7 were detectable in 2R10, the signals were very weak or
nonexistent in 2R7, and were not detectable in preservice inspection baseline data.
This review indicates that the signals were getting stronger with increased service time.

All new indications will continue to be monitored as required by plant procedures.
Based on the 2R1 inspections, there are now of a total of 70 Plus Point TSP ligament
indications in Unit 2.

Assessment of Plugging Criteria

The largest measured LIG gap was 86 degrees, less than the 146 degree threshold gap
for preventive tube repair. As such, tube plugging was not required.

15.0 Stress Corrosion Cracking of 1-600 Mechanical Plums

There are several types of plugs installed in DCPP Unit 2: 1-690 Framatome roll plugs,
1-690 Framatome weld plugs, 1-690 Westinghouse rib plugs, and 1-600 Westinghouse
rib plugs. Prior to 2R1 1, there were 16 1-600 plugs in service, and all had been
previously repaired with a plug in plug (PIP) or plug a plug (PAP) method in response to
1-600 plug stress corrosion cracking concerns identified in NRC Generic Letter 89-01.
There has been no occurrence of stress corrosion cracking in 1-690 plugs in the
industry.

During the secondary side pressure test, a visual inspection of all plugs was performed
to verify their integrity. One plug (SG 2-1 R1C73 hot leg 1-600 Westinghouse rib plug
with PIP) was observed to have moisture. No moisture or abnormalities were detected
in any other plugs, including none of the other 1-600 repaired (PIP or PAP) plugs.

PG&E investigated this issue and determined that the 1-600 plug must be cracked. The
tube was originally plugged in 2R2 because of a throughwall crack like indication
located in the U-bend. Therefore, when the secondary side was pressurized, water
leaked past the U-bend throughwall indication, past the plug, and then past the
unseated PIP. It is presumed that the PIP was unseated by the secondary to primary
differential pressure. It is unlikely that the PIP allowed primary to secondary leakage
during normal operation.
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PG&E decided to remove the SG 2-1 R1C73 hot leg PIP, and all hot leg PIPs in SGs 2-
1, 2-2, and 2-4. Framatome alloy 690 weld plugs were installed in their place. The
following six 1-600 hot leg PIPs were removed and replaced with 1-690 weld plugs: SG
2-1 R1C73, SG 2-1 R1C41, SG 2-2 R1C4, SG 2-2 R1C53, SG 2-2 R1 C68, SG 2-4
RIC21.

Following the 2R11 plug removal and replacement activities, there are an additional 10
1-600 Westinghouse rib plugs still in service. These are listed in Table 15.

16.0 Potential Stress Corrosion Cracking at Free Span Dings

No occurrences of stress corrosion cracking at free span dings has been observed at
DCPP Units I and 2, based on Plus Point sampling of free span dings every outage
starting in 2R7 and 1 R8.

In 2R1 1, Plus Point inspection was performed on 100 percent of greater than 5 volt free
span dings in both the hot and cold legs to verify that no PWSCC or ODSCC is
occurring in free span dings. A total of 108 greater than 5 volt free span dings in 92
tubes were Plus Point inspected. 52 of these dings were located in the U-bend, and
2R1 1 was the first outage in which Plus Point inspection of U-bend dings was
performed, in response to concerns at Comanche Peak. The entire length of free span
between the support structures was Plus Point inspected, and no indications at free
span dings were detected.

Bobbin coil was credited for detection of potential stress corrosion cracking in less than
5 volt free span dings. Three DNI (ding with possible indication) calls were made in
2R1 1 based on the bobbin coil inspection. Subsequent Plus Point inspection of thee
three locations did not confirm any degradation.

17.0 Potential Tube Damaae from Loose Parts and Foreign Oblects

The bobbin and Plus Point data were reviewed for possible loose part (PLP) indications.
In addition, a foreign object search and removal (FOSAR) visual examination of the
tube sheet annulus and blowdown lane regions was performed to identify loose parts.

The bobbin and Plus Point examinations did not detect any PLP signals. No tube wear
was located that could be attributed to a loose part.

FOSAR activities were conducted after sludge lancing was completed. Two small loose
parts were identified and documented in action requests, one in SG 2-1 (described as a
magnetic cylindrical pin) and one in SG 2-2 (described as magnetic debris). The
evaluation did not identify the exact secondary side source of the loose parts.
Condition monitoring was satisfied for loose parts concerns on the basis that their small
mass precluded the possibility of potential tube damage in cycle 11.
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Table I
2R11 SG Tube Inspection and Expanded Inspections

Area | Probe | Initial Inspection Expanded Inspection
I Full Length Bobbin 100% NIA
2 Repeat TSP PWSCC +Point 100% NIA
3 Repeat W* Indications +Point 100% NIA
4 Hot Leg T1S Region +Point * 100% N/A

* Extent is +2 to -8.5'
5 Cold Leg TTS Region +Point * 100% in SG 2-4 NIA

* 20% in SG 2-1, 2-2, 2-3, biased to Zone 4
* Extent is +2 to -8.5'
* 100% of cold leg anomalies

6 Rows l and 2 U-Bends +Point 100% NA
7 Row 3 and higher U- +Point 100% Row 3 in SG 2-4 100% of U-bend region in all SGs

Bends 20% Row 3 in SG 2-1, 2-2, 2-3 (Row 3 to Row 46)
8a >2 Volt Dented TSP +Point * 100% of >5 volt dents, both hot leg and cold leg NA

* 5G2-1: 20% of >2 and <5 volt dents at I H
* SG 2-2: 100% of >2 and <5 volt dents from 1H to

5H (critical area), 20% at 6H
* SG 2-3, 2-4: 100% of >2 and <5 volt dents from

1 H to 3H (critical area), 20% at 4H
* All 20% samples shall contain a minimum of 50

dents. If the population of >2 and <5 volt dents at
the TSP elevation is less than 50, then inspect
100% of >2 and <5 volt dents at the TSP.

8b < 2 Volt Dented TSP +Point NIA (credit bobbin for detection of axial PWSCC. Plus NA
Point Inspect all bobbin DIS Indications, see below)

9 Distorted ID support +Point 100% of DIS calls by bobbin NA
plate bobbin signals
(DIS) at dented TSP

10 Distorted OD support +Point * DOS at < 5 volt dented intersections (no lower > 1 volt DOS in SG 2-2, 2-3, 2-4
plate bobbin signals voltage cutoff)
(DOS) to support * > 2 volt DOS 100% hot leg DOS in SG 2-1
voltage-based ARC * DOS with suspected TSP ligament cracking

* DOS in the wedge region exclusion zone
* DOS at 7th TSP exclusion zone
* DOS that extend outside the TSP crevice

11 Suspected TSP +Point 100% of existing baseline indications. NA
Ligament Cracking

12 Free Span Dings +Point 100% of >5 volt dings (including hot leg, cold leg, and NA
U-bend)
Credit bobbin for detection of SCC in <5 volt dings

13 Hot leg and cold leg +Point * New CILT Indications
special interest as * CILT indications In the wedge zone
Identified by bobbin * New SLC
program * Free span bobbin Indications that are new or

exhibit growth or change (MBI, FSI, DNI)
* Possible loose part (PLP) indications
* Mbi residuals: all HL intersections > 2.3 SPR

volts, and minimum of 5 largest HIL SPR per SG.
* Previously unreported dents (PUD) at TSPs In

scope of dent program
* Copper deposit signals

3-34



Enclosure 3
PG&E Letter DCL-03-076

Table 2
Tubes Plugged in 2R11 I

LOCATION MECHANISM ORIENT 2-1 2-2 2-3 J_2-4 Total

WEXTEX TTS PWSCC Axial 1 1 1 1 4
ODSCC Circ 1 0 0 0 1

Hot Leg TSP PWSCC Axial 0 4 0 0 4
PWSCC Circ 0 6 0 0 6

PWSCC/ODSCC Axial 0 4 1 1 6
ODSCC Circ 0 1 0 0 1
ODSCC Axial 33 22 30 184 269

Cold Leg TSP Thinning 4 1 3 1 9
Rows 1 and 2 U-bend PWSCC Axial 1 0 0 1 2

PWSCC Circ 1 0 0 0 1
Preventive (probe stall or noise) _ 2 4 3 1 10

Row 3 to Row 10 U-bend PWSCC Circ 1 2 3 6 12
U-bend AVB Wear 1 0 1 1 3

Free Span above TTS Sludge Lance mechanical damage 2 0 1 2 5
Various Preventive (permeability variation, PVN) 0 2 1 1 4
Various In situ to 3dPNO of tubes that had no 3 3

Various degradation detectable
Pluggabe Tubes 2R1 1 47 47 44 202 340

% Plugged to date 3.2% 6.7% 3.5% 9.3% 5.7%
Note: Some tubes may be plugged for multiple degradation mechanisms. In these cases,
the tube is listed in only one degradation mechanism category.

Table 3
DCPP Unit 2 Historical Tube Plugged by Mechanism and SG

LOCATION M MECHANISM ORIENT 2-1 [ 2-2 | 2-3 2-4 | Total
WEXTEX TTS PWSCC Axial 25 7 18 16 66

PWSCC Circ 0 4 3 5 12
ODSCC Circ 1 0 0 0 1

Volumetric 1 2 1 0 4
Hot Leg TSP PWSCC Axial 0 79 5 24 108

PWSCC Circ 0 37 0 0 37
PWSCC MMode Axial/Circ 0 5 0 0 5
PWSCC/ODSCC Axial 0 4 1 3 8

ODSCC Circ 0 8 0 0 8
ODSCC Axial 39 29 41 229 338

OD Volumetric 0 1 0 0 1
Cold Leg TSP Thinning X 17 21 9 5 52

Volurnetric 1 0 1 0 2
Rows I and 2 U-bend PWSCC Axial 13 11 18 14 56

PWSCC Circ 3 1 1 0 5
Possible Ind 1 3 I 1 6

Preventive (stall, noise) 2 4 4 1 11
Row 3 to Row 10 U-bend PWSCC Circ 1 2 3 6 12

U-bend AVB Wear 2 2 4 3 11
Restriction 1 0 0 1 2

Various Preventive (PVN) 0 2 1 1 4
Free Span above TTS Mechanical damage 2 3 3 2 10

Various 3dPNO in situ of NDD tubes 0 0 0 3 3
Preventive Plugging NRCB 88-02 0 1 _ 0 1 5 1 7

Pluggable Tubes X 109 226 119 315 769
% Plugged 3.2% 6.7% 3.5% 9.3% 5.7%

Note: Some tubes may be plugged for multiple degradation mechanisms. In these cases,
the tube is listed in only one degradation mechanism category.
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Table 4- DCPP Unit 2 Tubes PluggedbyMechanism and OutaOe
LOCATION MECHANISM ORIENT 2R1 2R2 2R3 2R4 2R5 2R6 2R7 2R8 2R9 2R10 2R11 Unplug Total

Cycle EFPY 1.02 1.02 1.11 1.27 1.31 1.34 1.33 1.62 1.46 1.44 1.64
Cumulative EFPYs 1.02 2.05 3.16 4.43 5.74 7.08 8.41 10.03 11.49 12.93 14.53

WEXTEX Tubesheet PWSCC Axial 24 11 34 27 5 1 4 43 63
PWSCC Circ 1 1 8 3 1 1 15
ODSCC Circ I 1

Volumetric 1 0 0 3 0 4

Hot Leg TSP PWSCC Axial 17 3 53 26 18 15 4 28 108
PWSCC Circ _ _ 16 6 5 4 6 37

PWSCC MMode Ax/Circ 3 0 1 1 5
PWSCC/ODSCC Axial 1 1 0 0 6 8

ODSCC Circ ___ 2 1 8
ODSCC Axial 3 8 68 7 22 28 269 67 338

OD - Volumetric ____1 1

Cold Leg TSP Thinning 5 10 10 3 7 8 9 52
Volumetric 2 2

Rows 1 and 2 U-bend PWSCC Axial 10 2 32 9 0 1 2 56
PWSCC Circ 3 0 1 1 5

Possible Ind 6 _ 6
Preventive (stall, noise) _ 1 10 11

Rows 3 through 10 U-bend PWSCC Circ = = 12 12

U-bend AVB Wear 1 3 2 0 0 2 3 11

Free Span above TTS Mech damage 2 0 0 0 0 0 0 3 0 5 10
U-bend Probe restriction 1 0 1 0 0 0 1 0 1 2
Various Preventive (PVN) 4 4
Various NDD-3dPNO in situ .______ 3 3

Preventive Plugging NRCB 88-02 5 0 0 0 0 0 2 0 7
Precautionary Plugging NRCB 88-02 19 0 0 0 0 0 0 0 19 0

Tubes Plugged 2 31 0 1 62 38 231 91 67 64 340 769
Tubes Unplugged 0 0 19 0 1 0 0 0 138 0 0 158 158

Cum. Tubes Plugged 2 33 14 15 76 114 345 436 365 429 769 769
Cum. Tubes Plugged (%) _ 0.01% 0.24% 0.10% 0.11% 0.56% 0.84% 2.55% 3.22% 2.69% 3.17% 5.67% 5.67%

Note: Some tubes may be plugged for multiple degradation mechanisms. In these cases, the tube is listed in only one
degradation mechanism category.
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Table 5
SG 2-4 Secondary Side Pressure Test Results and Eddy Current Results

Tube (SG 2-4) Leak Rate HL drip/minte 2R11 Bobbin 2RI +point 2R10 Bobbin 2R10 +point
___________200 psi 400 ps 0 ns i 800 psi Voltage lnd Lee Voltaire Ind Lee Voltage led Lee Voltagfe led Lee
R6C4 Moist NDD NDD (Ubend exam) NDD

R2C29 Moist Moist 3.32 DTS TEH +17.33 5.21 SAI TSH -4.13 1.54 DTS TEH +17.18 4.29 SAI TSH -4.37
1.22 SAI TSH -2.18 1.16 DTS TEH +17.42 0.87 SAI TSH -2.26

R3C29 Moist 0.22 DOS 2H 0.4 SAI 2H NDD
R12C3S 0.12 Moist _ 6.20 DOS IH 3.37 SAI IHT 1.90 DOS IH
R6C39 Moist Moist 3.35 DOS IH 0.21 SAl IH 1.24 DOS IH

0.59 DIS 2H 0.18 SAl IH
0.27 SAI IH
0.29 SA ITH

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~ ~~~1.9 6 S A l I T T_ _ _ _ _ _ _ _ _ _ _

R31C39 0.05 0.05 Moist 4.82 DOS IH 2.49 SAI IHT 0.94 DOS IH
| 0.46 DOS 2H

R44C45 0.16 0.1 0.05 21.50 DOS 2H 0.29 SAI 2H 2.00 DOS 2H 2.49 SAI 2H
.___________ _____________________ 12.12 SA l 2H _ 0.13 SAI 2H

R7C48 Moist Moist Moist 1.63 DOS IH 0.18 SAl IHT 0.96 DOS IH
0.79 SAl IH
0,24 SAT IHT

____________ 4.55 DOS 2H 3.63 SAl 2H 1.39 DOS 2H
R29C48 Moist 5.04 DOS 2H 0.25 SAI 2H 1.29 DOS 2H

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3 .5 0 S A l 2 H
R42C55 _ Moist NDD NDD (Ubend exam) NDD
R5C62 I HL 2 HL 3 HL 2 HL 0.48 DIS 4H DNF NDD

3 CL 2 CL 2 CL 0.23 FSI 7H +13.75 35 SCI in Ubend region
______ 0.28 FSI 7H +19.48

R15CS0 0.25 0.25 0.25 0.3 4.93 DOS 2H 0.15 SAI 2H 1.37 DOS 2H
0.24 SAI 2H
0.42 SAI 2H

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 .8 3 S A I 2 H
R44C48 Moist 2.3 DOS 2H 0.14 SAI 2H NDD

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 .0 8 S A I 2 H __.

R28C54 Moist Moist 3.58 DOS IT 3.02 SAI IH 1.10 DOS IH
0.62 DOS 2H 3 0.37 DOS 2H

R18C76 Moist Moist 6.64 DOS 2H 5.65 SAI 2H 1.73 DOS 2H
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 .1 7 S A I 2 H _ .

Table 6
SG 2-1 Secondary Side Pressure Test Results and Eddy Current Results

Tube (SG 2-1) Leak Rate IlL drip/minute 2RII Bobbin | 2R11 +point 2R10 Bobbin 1 2R10 +point
200 PSi !400si w 600 si S00 I Vodte Ind Loc Voltahe eInd Loc ! Voltage Ind LoC Voltage Ind Loc

RIC73 HL plug 0.1 { Moist 11 i I i _

R30C41 | Moist 5.1 DOS IH 14.44 SAI IH | 1.4 DOS -IH
R34C31 | | | Moist Moist 2.73 DOS IH 1 2.76 SAI IH I 0.66 DOS IH JH
R27C33 | _ j IMoist 2.83 DOS IH 11.64 SAI IH 1 1.36 DOS 1H |
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Table 7
_ _ ____________ 2R11 In Situ Pressure Test Summary

Degadtio b Edy urrntNumber of Maximum Bbi eakage/Moisture Observe 1750 psi 2750 psi 4950 psi
SG Row Col Inspection Current Plus Point Plus Poi tBbi Degradation Location during Secondary Side NO dP SLB dP 3NO dP

_ Indications voltage Pressure test? (gpmL (gpm) (spm)
21 27 33 axial ODSCC 1 1.64 2.83 -1H- Yes 0 0.001 NA
21 30 41 axial ODSCC 1 4.44 5.1 1H Yes 0 0.0232 NA
21 34 31 axial ODSCC 1 2.76 2.73 1H Yes 0 0.0053 NA
24 3 29 axial ODSCC 1 0.4 0.22 2H Yes 0 0 0
24 6 39 axial ODSCC 5 1.96 3.35 1H Yes 0 0.0028 NA
24 7 48 axial ODSCC 4 3.63 4.55 2H Yes 0.0012 0.0063 NA
24 12 38 axial ODSCC 1 3.37 6.2 1H Yes 0 0.0037 NA
24 15 80 axial ODSCC 4 2.83 4.93 2H Yes 0.0011 0.0041 NA
24 18 76 axial ODSCC 2 5.65 6.64 2H Yes 0 0.0134 NA
24 28 54 axial ODSCC 1 3.02 3.58 1 H Yes 0.0011 0.0061 NA
24 29 48 axial ODSCC 2 3.5 5.04 2H Yes 0.0016 0.0035 NA
24 31 39 axial ODSCC 1 2.49 4.82 1H Yes 0 0.0037 NA
24 44 45 axial ODSCC 2 12.12 21.5 2H Yes 0.004 NA NA
24 44 48 axial ODSCC 2 2.08 2.3 2H Yes 0 0.0062 NA
24 6 4 no degradation detected 0 NDD NDD Yes 0 0 0
24 42 55 no degradation detected 0 NDD NOD Yes 0 0 0
24 2 29 axial PWSCC (W*) 2 5.21 3.32 4 Inch below HL TTS Yes 0 0 NA
21 1 24 Axial PWSCC 1 1.15 U-bend 0 0 0
21 1 43 Circumferential PWSCC 1 0.47 U-bend 0 0 0
21 5 54 Circumferential PWSCC 7 0.73 U-bend 0 0 0
22 4 51 Circumferential PWSCC 21 0.57 U-bend 0 0 0
22 10 19 Circumferential PWSCC 2 0.37 U-bend 0 0 0
23 3 86 Circumferential PWSCC 2 0.56 U-bend 0 0 0
23 3 93 CIrcumferential PWSCC 1 0.5 U-bend O0 0 0
23 4 52 Circumferential PWSCC I 1.15 U-bend 0 0 0
24 1 93 Circumferential PWSCC 1 1.23 U-bend 0 0 0
24 5 60 Circumferential PWSCC 3 1.1 U-bend 0 0 0
24 5 62 Circumferential PWSCC 35 3.04 NDD U-bend Yes 0 0.004 0.0456
24 5 68 Circumferential PWSCC 5 d. __6 9 U-bend 0 0 0
24 6 23 Circumferential PWSCC 5 0.64 U-bend _ 0 0 0
24 6 53 Circumferential PWSCC 1 0.85 U-bend 0 0 0
24 7 52 Circumferential PWSCC 9 0.35 U-bend 0 0 0
21 1 9 sludge lance damage SVI 2 0.41 1 22 Inch above HL and CL TTS 0 0 0
21 1 28 sludge lance damage SVI 2 1.22 4.75 22 inch above HL and CL TTS _ 0 0 0
23 1 86 sludge lance damage SVI 2 0.66 1.54 22 inch above HL and CL TTS 0 0 0
24 1 67 sludge lance damage SVI 2 1.65 4.49 22 inch above HL and CL TTS I 0 0 0
24 1 186 sludge lance damage SVI 2 1.52 3.4 22 inch above HL and CL TTS I 0 0 0

Notes:
.

0

NA means the tube was not pressurized to the specified differential pressure.
R44C45 was not tested higher than NOP because the tube was pulled for further destructive exam.
The leak rates correspond to the test pressures and are in gpm at room temperature condition.
Actual NOP, SLB, and 3NOP differential pressures are 1473 psi, 2405 psi, and 4419 psi. The actual test values account for thermal and gage corrections.
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Table 8
2R11 Circumferential Indications at Dented Tube Support Plates and Top of Tubesheet

Unadjusted NDE Adjusted NDE
Adjusted for Upper

95% NDE
Uncertainty

Growth Rate per
EFPY

Location MIixd Agl Max Avg Angl Depx Avg Angle Max Avg Angle Max Avg
SG Row Col Crack Support iCh irc TypDen Mode tblz lWdg Depth Depth d pth Dep 9 Depth Depth Depth Depthinch volt ?~ Volt eep deh dept

21 20 45 1 TSH 0.07 ODSCC NA No Yes 0.15 77.7 100.0 83.9 77.7 85.5 73.1 192.5 97.6 77.0 6.9 10.5 8.0

22 3 30 1 1H -0.29 ODSCC 43.7 No Yes 0.15 35.6 96.0 56.8 35.6 46.0 34.4 175.2 68.7 53.0 14.6 3.7 5.5

22 8 20 1 1H 0.13 PWSCC 38.4 No Yes 0.35 50.2 90.0 61.0 50.2 54.0 34.5 104.6 74.4 49.3 13.1 -3.4 -7.4

22 9 3 1 1H 0.14 PWSCC 26.7 No Yes 0.54 35.7 88.0 41.9 35.7 40.0 21.2 89.8 64.2 40.3 5.7 0.0 -1.0

22 14 30 1 4H -0.11 PWSCC 11.9 No No 0.37 29.3 96.0 62.7 29.3 59.0 34.7 83.2 78.0 49.4 3.8 11.6 2.4

22 15 36 1 1 IH 0.16 PWSCC 6.7 No Yes 0.52 23.5 38.0 21.1 23.5 40.0 25.0 77.3 64.2 42.9 2.1 0.0 -0.9

22 18 6 1 1 H 0.24 PWSCC 25.8 No Yes 0.46 32.0 33.0 25.2 32.0 40.0 23.2 86.0 64.2 41.6 4.5 0.0 -3.1

22 19 30 1 4H 0.10 PWSCC 16.6 No No 0.53 52.5 54.0 39.8 52.5 43.0 22.5 106.9 66.4 41.2 14.9 -3.7 -4.9

Note 1: SG 21 R20C45 indication is located in WEXTEX Zone 4, the center of the bundle.
Note 2: Growth rate based on adjusted NDE, not the NDE uncertainty adjusted NDE.
Note 3: All locations were previously Plus Point inspected in 2R10 and detectable in 2R10 based on a lookup evaluation.
Note 4: Location (inch) is relative to the centerline of the tube support plate (e.g., I H), for TSP indications, and relative to the top of tubesheet
(TSH), for tubesheet indications.
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Table 9
2R11 Plus Point Volumetric Indications

Tube damage done by sludge lancing tool In 2R10 and detected in 2R11

SG Row Column Location Bobbin Volts +Point Volts MD % Length inch Width inch
21 1 9 TSH + 23.08 0.75 0.34 ci 0.78 0.41
21 1 9 TSC + 22.31 1.00 0.41 14 0.62 0.35
21 1 28 TSH + 22.14 4.75 1.21 <1 1.16 0.45
21 1 28 TSC + 22.56 2.83 1.22 27 1.19 0.47
23 1 86 TSH + 22.99 0.85 0.35 <1 0.65 0.43
23 1 86 TSC + 23.13 1.54 0.66 23 0.79 0.58
24 1 67 TSH + 22.57 3.85 1.36 28 1.01 0.50
24 1 67 TSC + 22.56 4.49 1.65 48 1.13 0.50
24 1 86 TSH + 22.94 3.40 1.52 32 0.67 0.41
24 1 86 TSC + 22.73 2.03 0.81 28 0.82 0.37

Note 1: All indications were in situ leak and proof tested to 3APNO. No leakage was identified.
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Table 10 - DCPP Units I and 2 Axial ODSCC and Axial PWSCC at Same TSP Intersection (ID/OD Flaws)

ID/OD PWSCC NDE Data ODSCC NDE Data

Insp. SG Row Col. TSP vDoelt Seanrgeon Deplug PWSCC ODSCC Crack Length MD AD Max OD Bobbin +Point
(Deg.) No. (in.) (%) (%) Volt Cracks Volts Volts

2R11 22 12 71 1H 4.63 61 New 1 0.11 37 24.6 0.39 1 NDD 0.16
2R11 22 22 67 2H 0.63 53 New 1 0.23 38 24.8 0.91 2 4.58 2.66
2R11 22 24 58 2H 2.02 147 New New 1 0.07 20 12.8 0.29 1 NDD 0.22
2R11 22 28 38 1H 1.56 55 _ New 1 0.16 33 17.6 0.44 2 0.86 0.15
2R11 23 8 66 1H 1.42 78 New 1 0.11 20 14.5 0.43 1 0.62 0.24
2R11 24 16 11 3H 1.27 83 . New 1 0.26 30 17.2 0.72 1 0.63 0.18
2R11 24 34 43 3H 4.63 63 New 1 0.39 36 22.8 0.65 3 1.73 0.72
1R11 11 14 87 2H 0.51 71 New 1 0.09 30 20.8 0.29 1 0.62 0.63
1R11 11 15 81 2H 1.2 82 New 1 0.19 21.5 12.4 0.5 1 0.75 0.36
1R11 11 16 45 2H 1.32 71 New New 1 0.14 34 22.1 0.84 2 1.29 0.16
1R11 11 22 71 2H 0.83 81 New 1 0.11 40 28.6 0.67 1 0.48 0.16
1R11 11 24 20 2H 1.43 49 New 1 0.07 43 22.7 0.71 1 0.81 0.22
1R11 11 33 40 2H 0.86 59 New New 1 0.26 45 28.7 1.13 2 1.26 0.25
1R11 11 36 30 2H 0.56 46 New 1 0.17 43 30.5 1.34 2 0.54 0.22
1R11 12 5 59 1H 1.02 49 1R11 1 0.34 43 32.4 1.3 2 0.54 0.22
1R11 12 6 70 2H 1.54 71 1R11 1 0.11 36 25.8 0.79 2 0.57 0.25
1R11 12 7 28 2H 2.33 64 IR11 1 0.07 20 12.4 0.31 1 0.49 0.17
1R11 12 7 56 1H 1.13 90 1R11 1 0.26 43 34.3 2.2 1 0.52 0.2
1R11 12 7 84 1H 2.19 53 1R11 1 0.34 45 35.6 3.06 1 0.6 0.28
1R11 12 8 67 1H 1.2 64 New 1 0.2 29 16.9 0.88 1 0.46 0.14
1R11 12 8 51 1H 1.48 76 1R11 1 0.18 32 19.2 0.69 1 0.51 0.19
1R11 12 9 28 1H 2.53 71 1R11 1 0.16 47 30.3 1.47 2 0.59 0.27
IR11 12 9 77 1H 2.45 95 1R11 1 0.23 39 23.4 1.34 1 0.62 0.29
1R11 12 10 35 1H 1.34 80 IR11 1 0.11 51 33.4 1.65 1 0.51 0.19
R11 12 10 83 1 H 6.72 60 1R11 1 0.27 64 37.5 1.15 2 0.57 0.25
1R11 12 11 27 1H 2.13 49 1R11 1 0.5 29 18.7 0.86 1 0.53 0.21
IR11 12 11 47 2H 2.32 73 1R11 1 0.21 36 26.7 1.06 1 0.52 0.2
1R11 12 12 66 2H 2.21 80 'IR11 1 0.13 45 30.9 1.51 1 0.59 0.27
1R11 12 12 80 1H 1.04 49 1R11 1 0.07 20 12.9 0.6 1 0.45 0.24
1R11 12 12 84 2H 0.73 64 1R11 1 0.29 42 31.1 1.5 1 0.55 0.35
1R11 12 13 81 1H 3.18 49 1R11 1 0.13 23 16.5 0.88 1 0.43 0.33
1R11 12 13 89 1H 2.33 57 1R11 1 0.4 53 41.3 2.97 1 0.56 0.44
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Table 10 - DCPP Units I and 2 Axial ODSCC and Axial PWSCC at Same TSP Intersection (ID/OD Flaws)

ID/OD PWSCC NDE Data ODSCC NDE Data

Insp. SG Row Col. TSP vD~ent Se(panwtion Deplu PNWSwCC ODeSC.C Cac eghM D Vl ncrVlsLro5Volts Seangleo lug COD Crack Length MD AD Max No. Largest LargestInsp SG ow ol. SP olts Ange DelugNew? New? No. (in.) ()%) Volt OD Bobbin +Point
____ ____ ____ (Deg.) _ _ _ __Cracks Volts volts

1R1I 12 16 73 1H 18.03 47 IR1R10 New 1 0.12 21 15.2 0.64 1 0.51 0.19
IR11 12 16 76 2H 0.52 64 1R10 New 1 0.18 20 9.7 0.39 1 0.05 0.2
IR11 12 17 8 6H 2.95 75 1R11 1 0.23 24 15.6 0.81 1 0.57 0.25
1R11 12 19 14 2H 1.34 84 1R11 1 0.18 44 35 1.73 1 0.54 0.22
1R11 12 19 51 1H 1.21 76 1R11 1 0.57 54 44 3.24 1 0.64 0.32
1R11 12 20 52 2H 2.55 83 1R11 1 0.23 43 28.3 0.91 1 0.52 0.2
1R11 12 20 58 1H 0.65 55 1R11 1 0.54 57 40.3 2.09 1 0.51 0.19
1R111 12 21 37 4H 2.25 80 IR11 _ _ 1 0.25 34.5 24.2 0.88 1 0.48 0.16
1R11 12 21 50 1H 2.38 56 1R11 1 0.76 57 47.1 2.04 1 0.95 0.64
IR11 12 21 53 6H 2.52 56 1R11 1 0.62 64 50.7 1.97 1 0.53 0.21
1R11 12 22 32 2H 1.44 51 1R11 1 0.27 54 42.1 2.28 2 0.55 0.23
1R11 12 22 34 2H 0.69 51 1R11 1 0.18 42 31.3 1.03 3 0.55 0.23
1R11 12 22 38 1H 4.7 65 1R11 1 0.08 30 22 0.58 2 0.54 0.22
IRII 12 25 72 1H 2.06 77 New New 1 0.09 24 17.3 0.48 1 0.47 0.15
IR11 12 26 71 2H 1.4 75 1R11 1 0.42 42 30.5 1.68 1 0.5 0.18
1R11 12 26 77 2H 0.71 68 1R11 1 0.44 50 38.9 1.87 1 0.81 0.36
1R11 12 26 78 1H 1.29 68 1R11 _ 1 0.32 50 38.6 2.43 1 0.65 0.33
1R11 12 27 50 1H 1.95 34 New 1 0.11 27 17.4 0.88 1 0.51 0.19
1R11 12 27 36 2H 0.54 58 1R11 1 0.09 20 12.5 0.77 1 0.44 0.12
iR11 12 28 56 2H 0.75 79 1R11 1 0.25 40 29.2 1.12 1 0.44 0.11
1R11 12 28 58 1H 1.67 72 1R11 1 0.6 60 44.9 3.05 1 0.54 0.22
1R11 12 28 68 6H 1.26 57 1R11 1 0.08 21 10.9 0.56 1 0.32 0.11
1R11 12 29 43 2H 1.34 69 1R11 1 0.24 39 31.1 1.86 2 0.62 0.42
1R11 12 29 56 2H 1.34 106 1R11 1 0.25 34 24.6 1.82 1 0.54 0.22
1R11 12 29 67 2H 3.02 83 IR11 1 0.36 48 36.9 2.11 1 0.57 0.25
1R11 12 30 16 1H 0.9 48 New 1 0.15 41 28 0.7 1 0.64 0.32
IR11 12 31 32 3H 1.67 69 1R11 1 0.11 20 9.7 0.32 1 0.42 0.09
1R11 12 35 45 2H 1.82 95 1R11 1 0.29 48 35.7 1.41 1 0.43 0.27
IR11 12 35 65 2H 2.36 46 IRII 1 0.31 48 37.4 1.88 3 0.55 0.23
1R11 12 37 72 1H 1.65 76 IR11 1 _ 0.17 34 24.5 0.93 1 0.57 0.25
1R11 12 38 70 1H 2.42 61 IR11 1 0.09 20 15.6 0.52 1 0.63 0.31
1R11 12 40 63 1H 0.87 83 IR11 1 0.11 21 9.9 0.461 0.68 0.36
1R11 12 42 28 2H 1.41 69 New 1 0.11 32 20.1 0.88 1 0.6 0.28
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Table 10 - DCPP Units 1 and 2 Axial ODSCC and Axial PWSCC at Same TSP Intersection (ID/OD Flaws)

ID/OD PWSCC NDE Data ODSCC NDE Data

Insp. SG Row Col. TSP Dent Separation Deplug PWSCC ODSCC Crack Length MD AD Max No. Largest Larget
Volts Angle PlgNew? New? NoODn)VotBobbin +Point

(Deg.) ~~~~~~~~~~~Crack Volts Volts
1R10 11 28 50 1H 0.35 47 1IR10 1 0.09 29 19.1 0.64 2 0.96 0.81
IR10 12 9 34 2H 2.02 44 New 1 0.09 21 13.3 0.41 2 0.76 0.26
IR10 12 14 72 2H 2.92 58 1R10 _ ; 1 0.42 38 16.3 1.04 1 0.53 0.21
1R10 12 14 82 1H 1.55 61 1RI10 1 0.05 20 10 0.39 1 0.55 0.23
1RIO 12 15 10 1H 1.76 90 New 1 0.21 24 14 0.48 1 0.44 0.27
IRIO 12 17 60 2H 2.92 51 IR10 1 0.17 22 7.2 0.56 1 0.56 0.24
1RIO 12 24 72 1H 1.24 82 1R10 __ 1 0.26 22 15.5 0.4 1 0.27 0.14
IR10 12 26 43 2H 2.12 70 1RI10 1 0.26 30 15.4 0.81 1 0.58 0.26
1R10 12 27 71 1H 1.86 74 New 1 0.23 39 25.4 1.12 2 0.62 0.3
1R10 12 33 37 1H 2.01 79 New New 1 0.11 20 12 0.38 1 0.52 0.2
1R1O 12 38 63 1H 2.35 79 New New 1 0.14 22 13.9 0.78 1 0.69 0.37
IRIO 12 41 62 1H 0.82 109 New New 1 0.21 27 17 0.54 1 0.56 0.24
1R9 11 9 6 1H 0.95 79 New New 1 0.13 37 27.2 0.38 1 0.35 0.27
1R9 12 6 47 1H 0.77 44 New New 1 0.12 26 16.7 0.35 1 0.34 0.11
1R9 12 13 75 2H 2.23 53 New New 1 0.11 20 11 0.42 1 0.37 0.14
2R7 24 9 12 3H 1.84 89 New New 1 0.32 23 17.8 1.64 1 1.25 0.38
2R8 24 34 34 3H 2.96 57 New New 1 0.16 35.5 126.4 0.38 1 0.64 0.32
1R11 12 7 28 2H 1R11 2 0.1 24 14.9 0.55
IR11 12 16 73 1H IR10 New 2 0.15 20 12.3 0.5
1R11 12 20 58 1H 1R11 2 0.19 54 44.4 2.23
IR11 12 21 50 1H IR11 2 0.56 64 39 1.65
IR11 12 22 38 1H ; IR11 2 0.61 48 38.7 2.19
1R11 12 31 32 3H 1R11 2 0.34 48 40.6 1.67
1RI1 12 14 72 2H I 11R10_ 2 0.07 20 12 0.58 1
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Table 11
Circumferential PWSCC in Rows 3 through 10 U-bend Region

SG Row Io Number of
SG | Row~ | Col | Indications

21 5 54 7
22 4 51 21
22 10 19 2
23 3 86 2
23 3 93 1
23 4 52 1
24 5 60 3
24 5 _ 35
24 5 68 5
24 6 23 5

24 6 53 1
24 7 52 9

Table 12 - Plus Point Data for Circumferential PWSCC in Rows 3
throuah 10 U-Bend Reaion

SG Row Col TSP Inch Crack Max Max Average Length
_____ ______ ~~~~Volt Depth % Depth % degree

21 5 54 7H 21.03 1 0.23 81.0 47.7 18.4
21 5 54 7H 21.65 2 0.26 84.0 42.0 18.4
21 5 54 7H 22.40 3 0.52 88.0 57.5 34.2
21 5 54 7H 22.60 4 0.63 99.0 60.0 29
21 5 54 7H 23.87 5 0.41 94.0 40.1 18.4
21 5 54 7H 25.50 6 0.46 90.0 49.8 28.9
21 5 54 7H 25.95 7 0.73 84.0 55.3 36.8
22 4 51 7H 3.97 1 0.57 99.0 66.0 33.2
22 4 51 7H 4.19 2 0.35 99.0 60.0 24.9
22 4 51 7H 4.49 3 0.52 90.0 76.5 27.7
22 4 51 7H 4.60 4 0.34 84.0 65.3 27.7
22 4 51 7H 4.28 5 0.33 99.0 65.6 22.2
22 4 51 7H 7.72 6 0.33 87.0 52.5 22.2
22 4 51 7H 8.16 7 0.15 82.0 44.9 19.4
22 4 51 7H 8.36 8 0.22 68.0 50.4 19.4
22 4 51 7H 8.81 9 0.46 84.0 60.5 22.2
22 4 51 7H 9.28 10 0.16 79.0 52.5 19.4
22 4 51 7H 9.73 11 0.41 98.0 62.1 22.2
22 4 51 7H 10.17 12 0.43 74.0 57.2 24.9
22 4 51 7H 10.98 13 0.38 95.0 61.2 24.9
22 4 51 7H 11.18 14 0.33 92.0 57.3 24.9
22 4 51 7H 11.42 15 0.37 97.0 66.0 25
22 4 51 7H 11.73 16 0.22 79.0 46.3 22.1
22 4 51 7H 12.34 17 0.38 84.0 55.3 19.4
22 4 51 7H 12.80 18 0.29 95.0 51.6 25
22 4 51 7H 21.59 19 0.43 100.0 40.9 22.1
22 4 51 7H 21.43 20 0.18 84.0 66.3 24.9
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Table 12 - Plus Point Data for Circumferential PWSCC in Rows 3
throuah 10 U-Bend ReaionTSP In. C_ c Max Ma Avrg Length. .. _

SG Row Col TSP Inch Crack Max Max Average degth

22 4 51 7H 21.63 21 0.40 92.0 54.8 22.2
22 10 19 7H 14.90 1 0.37 92.0 55.7 32.9
22 10 19 7H 16.28 2 0.21 74.0 48.4 19.2
23 3 86 7H 18.30 1 0.56 75.0 45.4 22.4
23 3 86 7H 18.42 2 0.29 89.0 47.0 21.4
23 3 93 7H 18.35 1 0.50 72.0 56.0 22.6
23 4 52 7H 22.02 1 1.15 71.0 55.0 36.6
24 5 60 7H 4.30 1 1.10 88.0 67.9 36
24 5 60 7H 14.51 2 0.70 80.0 49.7 24.9
24 5 60 7H 14.95 3 0.90 73.0 53.2 38.7
24 5 62 7H 4.31 1 0.52 97.0 58.8 28.4
24 5 62 77H 4.67 2 2.48 100.0 89.8 78.9
24 5 62 7H 4.97 3 0.28 63.0 41.0 25.2
24 5 62 7H 5.45 4 0.23 49.0 34.9 15.8
24 5 62 7H 9.27 5 1.21 71.0 45.8 28.4
24 5 62 7H 9.52 6 0.86 67.0 47.3 41
24 5 62 7H 10.89 7 0.12 56.0 38.7 19
24 5 62 7H 11.30 8 1.54 100.0 83.4 85.2
24 5 62 7H 11.57 9 0.35 79.0 43.8 22.1
24 5 62 7H 12.58 10 1.77 100.0 77.9 82.2
24 5 62 7H 12.95 11 1.37 100.0 78.4 69.5
24 5 62 7H 13.30 12 1.52 100.0 24.2 78.9
24 5 62 7H 14.13 13 0.33 88.0 49.1 25.2
24 5 62 7H 14.50 14 2.23 100.0 89.9 91.6
24 5 62 7H 14.77 15 1.31 100.0 86.6 88.4
24 5 62 7H 15.71 16 0.27 92.0 54.2 15.8
24 5 62 7H 16.04 17 2.01 100.0 83.7 91.6
24 5 62 7H 16.40 18 1.42 100.0 82.9 75.8
24 5 62 7H 17.25 19 0.15 83.0 50.6 12.6
24 5 62 7H 17.71 20 1.25 99.0 70.6 101.1
24 5 62 7H 17.88 21 0.55 88.0 63.9 44.2
24 5 62 7H 19.04 22 0.25 92.0 47.7 28.4
24 5 62 7H 19.59 23 3.04 100.0 89.8 126.4
24 5 62 7H 21.06 24 0.54 100.0 72.1 34.7
24 5 62 7H 21.30 25 0.59 99.0 65.6 47.4
24 5 62 7H 22.46 26 0.58 100.0 67.0 41.1
24 5 62 7H 22.68 27 0.55 100.0 60.1 37.9
24 5 62 7H 23.08 28 0.68 99.0 72.9 66.4
24 5 62 7H 23.29 29 0.52 92.0 67.9 37.9
24 5 62 7H 23.89 30 1.23 100.0 18.5 75.7
24 5 62 7H 24.15 31 0.25 79.0 45.0 34.7
24 5 62 7H 24.80 32 1.18 100.0 73.6 91.5
24 5 62 7H 25.52 33 0.49 98.0 53.8 41.1
24 5 62 7H 25.76 34 1.90 100.0 89.1 104.2
24 5 62 7H 26.07 35 0.33 100.0 47.5 34.7
24 5 68 7H 25.61 1 0.31 97.0 51.1 38.5
24 5 68 7H 18.30 2 0.36 99.0 52.2 27.5
24 5 68 7H 17.56 3 0.30 68.0 48.4 30.2
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Table 12 - Plus Point Data for Circumferential PWSCC in Rows 3
through 10 U-Bend Region

SG Row Col TSP Inch Crack Max Max Average Length
_____ ~ ~ ~ ~ ~~~IVolt Depth % Depth % degree

24 5 68 7H 16.43 4 0.69 65.0 48.2 33
24 5 68 7H 12.89 5 0.21 89.0 42.1 22
24 6 23 7H 30.20 1 0.42 74.0 50.3 25.5
24 6 23 7H 29.31 2 0.40 98.0 60.8 22.7
24 6 23 7H 28.38 3 0.64 71.0 53.8 28.4
24 6 23 7H 27.46 4 0.17 65.0 38.8 17
24 6 23 7H 15.82 5 0.48 77.0 48.1 22.6
24 6 53 7H 27.55 1 0.85 97.0 52.2 36
24 7 52 7H 4.32 1 0.24 84.0 51.7 30.7
24 7 52 7H 11.97 2 0.21 96.0 55.9 25.1
24 7 52 7H 13.30 3 0.11 99.0 44.8 22.4
24 7 52 7H 13.81 4 0.16 95.0 54.7 22.4
24 7 52 7H 15.77 5 0.14 66.0 36.0 19.9
24 7 52 7H 16.49 6 0.30 73.0 45.5 19.9
24 7 52 7H 16.79 7 0.25 69.0 46.7 22.7
24 7 52 7H 18.53 8 0.35 98.0 62.9 25.5
24 7 52 7H 19.18 9 0.25 99.0 60.0 28.3

Table 13
Plus Point Data for Axial PWSCC in Row I U-Bends

______=-__________=___ 2R1 Data 2R1 0 Lookup =Growth Rate/EFPY
2R11 Max MD Length 2R10 Max MD Length Length

G Row Co U-bend Location Cal Volt % inch Cal Volt % inch MD % inch
21 1 24 Hot Leg Tangent Cold 39 1.15 68 0.38 .cold 37 1.11 66 0.41 1.22 1.22
24 1 93 Hot Leg Tangent Cold 30 1.23 99 0.24 cold 29 1.15 56 0.11 26.22 6.71

Table 14
Plus Point Data for Circumferential PWSCC in Row I U-Bends

.___ . 2R11 Data |_ 2R10 Lookup TGrowth Rate/EFPYI
2R11 I Max |MD Length| 2R10 I Max |MD Length I Length I

SG Ro^wCoi U-bend Locationi Cal Volt % degree| Cal Volt % degree| MD% degree
1211 1 143 IHot LegTangentl cold 551 0.47 1 61 1 15.7 |cold 291 0.77 | 86 | 20.6 | -15.24 | -2.99 |
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Table 15
Inservice Alloy 600 Plugs In DCPP Unit 2

SG Row Col Insa Pllg 1-600 Hot Leg Pkigs -600 Cold Leg Plugs Notes
Installed__ _ __ _ _ __ _ __ _ _

Heat Type Repar Repair Heat Type Repair Repair
Date Date

21 1 41 2R2 4523 Rib PAP 2R7
21 1 73 2R2 _ _4523 Rib PAP 2R7
22 1 4 2R2 4523 Rib PAP 2R7
22 1 53 2R2 4523 Rib PAP 2R7
22 1 68 2R2 D 4523 Rib PAP 2R7
23 10 37 2R2 5222 Rib PIP 2R4 1
23 10 43 2R2 5222 Rib PIP 2R4 1
23 11 43 2R2 5222 Rib PIP 2R4 1
23 12 43 2R2 5222 Rib PIP 2R4 I 1
24 1 21 2R2 4523 Rib PAP 2R7

Note 1: Westinghouse U-bend damper installed in this tube and extends from tube end hot to over the U-bend.
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Figure 1
Field UT Circumferential Dent Profile for Pulled Tube R12C32

Figure 2
Dent Profile for Pulled Tube R10C22Field UT Circumferential
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Figure 3
Field UT Circumferential Dent Profile for Pulled Tube R21C43
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Evaluation of U-bend Indications From Diablo Canyon Unit 2 Outage 2R1 1 51-5024976-00

Introduction
The Diablo Canyon Nuclear Power Plant (DCPP) Unit 2 entered its I 1"' refueling outage in February
2003. During a hydro test a number of tubes were noted to be leaking, one in particular from both tube
ends. Tube R5-C62 in steam generator 24 was this tube. A +Pointm examination of the U-bend region
revealed multiple indications of cracking. Similar inspections of other tubes revealed additional
indications in all 4 steam generators. Because these indications are new to Diablo Canyon a
comprehensive evaluation was necessary.

Objectives
The main objectives of the evaluation include the following:

* Determine the tube wall origin of the indications (Inside Diameter or Outside Diameter)
* Determine the major axis direction of the indications (Circumferential or Axial)
* Characterize the morphology of the indications and describe the similarities and differences

between individual indications and tubes
* Determine the axial position of the indications along the tube's length
* Estimate the length and depth of the indications
* Measure the signal amplitude of the indications
* Determine the angular position of the indications relative to the intrados of the tube
* Perform a review of any historical examination data to determine flaw evolution
* Identify possible indicators of susceptible tubes through a comparison of flawed and non-flawed

tubes
* Define the source of the "ridges" in the eddy current plots in which the indications are located
* Determine if DCPP Unit 2 steam generators are the only ones with these "ridge" signals
* Compare these indications to historical Row I indications reported at DCPP

A number of other objectives were established which are addressed in separate reports including:
* Evaluation of the indications with the X-Probe
* Profilometry of tubes to evaluate ovality
* Visual inspection of the indications
* In-Situ pressure testing of the indications
* Evaluation of the bending process used during fabrication
* Stress Analysis of the U-bend

Inspection Plan
The eddy current inspection plan followed during 2RI 1 was a rotating +Point probe examination of the
complete U-bend region of all in-service tubes in all four steam generators. The +Point probe
examination used three basic coil types to include the standard mid-range PP14A, the high frequency
PP9A and a magnetically biased PP14A coil. The standard mid-range PP14A coil was the primary use
coil for the examination and the other two coil types were used for special applications. Additional eddy
current examinations, using other probe types, were performed on specific tubes to help answer the
established objectives. In addition to the +Point probe examinations all of the tubes with U-bend
indications were examined with the X-Probe and tube SG 24 R5-C62 was also examined with a rotating
pancake probe. Numerous other inspections were performed, aside from eddy current examination, and
the results of these are documented in separate reports.
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Evaluation of U-bend Indications From Diablo Canyon Unit 2 Outage 2R 15 51-5024976-00

U-bend Sketch
The figure below shows the U-bend region of a tube with support structures, basic references, tube
lengths and a circumferential orientation reference viewed from the hot leg side of the tube. The primary
reference points discussed in this report include the hot leg tube support plate (7H) from which all
indications are referenced, the tangent (bend start and stop points), the apex (center of the bend, identified
by the Section A-A symbol), the intrados (bottom and shortest radius of the bend), the extrados (top and
longest radius of the bend) and the flanks (sides, shown at the angular positions 90° and 2700) of the tube.
The table at the bottom of the figure presents dimensional data for the first 10 rows of tubes.

270-

O Qrtrado)

socum "A
0A~n~a

Mi~wed FinM~Leg7C

Ho Leg HL COld Leg CL

Row R Arc Length Tangent Pt Length
1 2.19 6.88 3.70 14.28
2 3.47 10.90 3.70 18.31
3 4.75 14.92 3.70 22.33
4 6.03 18.94 3.70 26.36
5 7.31 22.97 3.70 30.38
6 8.59 26.99 3.70 34.41
7 9.87 31.01 3.70 38.43
a 11.16 35.06 3.70 42.46
9 12.44 39.08 3.70 46.48

10 13.72 43.10 3.70 50.51
(Example: 7H+4.98 is 1.28u above tangent)

FIGURE 1 - DIAGRAM OF U-BEND REGION WITH REFERENCES
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Evaluation of U-bend Indications From Diablo Canyon Unit 2 Outage 2R 15 51-5024976-00

Tubes With Indications
There were 15 tubes with indications in the U-bend region. Three of these tubes were in Row I and the
other 12 were in Rows 3 thru 10. Diablo Canyon has a history of circumferential and axial indications in
the Row I and 2 U-bends of both Units. These indications are not considered a new phenomenon, as are
those discovered this outage in Rows 3 thru 10, and are therefore not discussed in the same context in this
report. The table below presents a summary of the distribution of the indications by steam generator and
row.

TABLE 1 - DISTRIBUTION OF TUBES WITH INDICATIONS

Row 1 3 4 5 6 7 10 Total
Total 3 2 2 4 2 1 1 15
SG 21 2 1 _ 3
SG 22 1 1 2
SG 23 2 1 3
SG 24 1 ____ _ 3 2 1 _ _ 7

The tubesheet map in the following figure shows the coordinates of the tubes with U-bend indications.
The affected tubes are distinguished by label (refer to the legend for an explanation) for each steam
generator to promote a visual reference for the condition in a particular steam generator as well as all four
combined. It can be noted that a number of the tubes with indications have similar tube coordinates
(neighboring tubes) and are grouped in a few basic areas in the steam generator.

Diablo Canyon Unit 2 so
02103 -2R1 1 4wI ~~~~U-Bend Indications -All SIGs

TOMTAL1W& nu
HOTs F" V JOFAD!A Pk M PtK

H~ ~~~OT~UH~H

NM . 11-
pii 4

I - I I
11, I !if08 isz. ? I

UNMAY a so to a a Q W 0 NO= .

FIGURE 2 - MAP OF U-BEND INDICATIONS IN ALL STEAM GENERATORS
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Evaluation of U-bend Indications From Diablo Canyon Unit 2 Outage 2R1 I 51-50249760

Indication Morphology
All of the indications originate from the tube wall's inner surface and propagate towards the outer tube
wall. This was confirmed by all of the eddy current probes used including the +Point probe, pancake
probe, X-Probe and bobbin probe. The signal parameters used to determine this were the phase angle,
phase relationship (rotation between the frequencies) and the voltage drop across those frequencies.

All of the indications are circumferentially oriented as confirmed by the +Point probe and the X-Probe.
Additionally, the pancake probe was used in tube SG 24 R5-C62 and it showed these circumferential
indications to be slightly off-axis (inclined) by approximately 15 degrees. The off-axis angle was
consistent for all of the large indications in this tube.

The morphology of the indications in Rows 3 thru 10 is very similar among the affected tubes, though SG
24 R5-C62 has many more indications of larger amplitude. The indications are all located within the
"ridge" signals seen by the +Point probe, with one exception. The exception is one indication in SG 23
R4-C52 where the indication is outside, but immediately adjacent to the ridge. These "ridge" signals are
attributed to ovalization of the tube as confirmed by the pancake probe and the X-Probe. It is also
understood that some degree of tube wall thickness variation exists in this area as well. These "ridge"
signals are coincident with the sides or flanks of the tube. The arc lengths of the indications are short and,
for the most part, contained within the "ridge" signal.

Eleven of the 12 tubes (Rows 3-10) have at least one indication in the tangent area, and of the 13
individual tangent area indications, nine of them are at the cold leg tangent. Four of the 12 tubes have a
single indication in the U-bend and the remaining 8 tubes have multiple indications. Nine tubes have
indications on only one side of the tube and 3 tubes have indications on both sides of the tube. Two of the
tubes with indications on both sides of the tube have only a single indication on the opposite side and the
third, SG 24 R5-C62, has two indications on the side of the tube opposite the majority of the indications.
The voltage amplitude of the indications in tube SG 24 R5-C62 is considerably larger than those in the
other 11 tubes. The angular position of the indications is discussed in a later paragraph.

TABLE 2 - SUMMARY OF +POINT INDICATIONS

SG Row Cal OrientatIon Axial Position Number of Observations
_________ ~~~~Indications __ _ _ _ _ _ _ _ _ _ _ _

21 1 24 Axial HL tangent 1 Intrados
21 1 43 Cirr HL tangent 1 Intrados
21 5 54 Circ Throughout bend 7
22 4 51 Circ Throughout bend 21 Indications on both sides
22 10 19 Circ Throughout bend 2 No tangent area indication
23 3 86 Circ CL tangent 2 Indications on both sides
23 3 93 Circ CL tangent 1
23 4 52 Circ CL tangent 1 Indication not In ridge but close
24 1 93 Axial HL tangent 1 Intrados
24 5 60 Circ Throughout bend 3 _

24 5 62 Circ Throughout bend 35 Indications on both sides
24 5 68 CIrc Throughout bend 5
24 6 23 Circ Throughout bend 5
24 6 53 Circ CL tangent 1
24 7 52 Circ Throughout bend 9

Note: The number of indications is based on the +Point Sizing Database
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Evaluation of U-bend Indications From Diablo Canyon Unit 2 Outage 2R1 1 51-5024976-00

Axial Position, Amplitude, Depth and Length
The following table lists detailed information about each indication to include the axial position (inches)
or elevation along the tube length referenced from tube support plate 7H, the signal's +Point probe
maximum amplitude (volts) from the sizing database, the maximum and average depth estimate (%TW)
calculated from the incremental (line-by-line) sizing results, and the indication length (degrees) also
calculated from the incremental sizing results. The depth and length estimates presented here are
uncorrected NDE values directly from analysis of the data.

TABLE 3 - INDICATION LISTING WITH +POINT RESULTS

SG ROW COL LOC ELEV IND VOLTS DEPTH DEPTH | LENGTH

21 5 54 7H 21.03 1 0.23 81.0 47.7 18.4
21 5 54 7H 21.65 2 0.26 84.0 42.0 18.4
21 5 54 7H 22.40 3 0.52 88.0 57.5 34.2
21 5 54 7H 22.60 4 0.63 99.0 60.0 29
21 5 54 7H 23.87 5 0.41 94.0 40.1 18.4
21 5 54 7H1- 25.50 6 0.46 90.0 49.8 28.9
21 5 54 7H 25.95 7 0.73 84.0 55.3 36.8
22 4 51 7H 3.97 1 0.57 99.0 66.0 33.2
22 4 51 7H 4.19 2 0.35 99.0 60.0 24.9
22 4 51 7H 4.49 3 0.52 90.0 76.5 27.7
22 4 51 7H 4.60 4 0.34 84.0 65.3 27.7
22 4 51 7H 4.28 5 0.33 99.0 65.6 22.2
22 4 51 7H 7.72 6 0.33 87.0 52.5 22.2
22 4 51 7H 8.16 7 0.15 82.0 44.9 19.4
22 4 51 7H 8.36 8 0.22 68.0 50.4 19A
22 4 51 7H 8.81 9 0.46 84.0 60.5 22.2
22 4 51 7H 9.28 10 0.16 79.0 52.5 19.4
22 4 51 7H 9.73 11 0.41 98.0 62.1 22.2
22 4 51 7H 10.17 12 0.43 74.0 57.2 24.9
22 4 51 7H 10.98 13 0.38 95.0 61.2 24.9
22 4 51 7H 11.18 14 0.33 92.0 57.3 24.9
22 4 51 7H 11.42 15 0.37 97.0 66.0 25
22 4 51 7H 11.73 16 0.22 79.0 46.3 22.1
22 4 51 7H 12.34 17 0.38 84.0 55.3 19A
22 4 51 7H 12.80 18 0.29 95.0 51.6 25
22 4 51 7H 21.59 19 0A3 100.0 40.9 22.1
22 4 51 7H 21.43 20 0.18 84.0 66.3 24.9
22 4 51 7H 21.63 21 0.40 92.0 54.8 22.2
22 10 19 7H 14.90 1 0.37 92.0 55.7 32.9
22 10 1 19 7H 16.28 2 0.21 74.0 46.4 19.2
23 3 86 7H 18.30 1 0.56 75.0 45.4 22.4
23 3 86 7H 18.42 2 0.29 89.0 47.0 21.4
23 3 93 78 18.35 1 0.50 72.0 56.0 22.6
23 4 52 71-I 22.02 1 1.15 71.0 55.0 36.6
24 5 60 7H 4.30 1 1.10 88.0 67.9 36
24 5 60 7H 14.51 2 0.70 80.0 49.7 24.9
24 5 60 7H 14.95 3 0.90 73.0 53.2 38.7
24 5 62 7H 4.31 1 0.52 97.0 58.8 28.4
24 5 62 7H 4.67 2 2.48 100.0 89.8 78.9
24 5 62 7H 4.97 3 0.28 63.0 41.0 25.2
24 5 62 7H 5.45 4 0.23 49.0 34.9 15.8
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Evaluation of U-bend Indications From Diablo Canyon Unit 2 Outage 2R 1 51-5024976-00

TABLE 3 - INDICATION LISTING WITH +POINT RESULTS

SG ROW COL LOC ELEV IND MAX MAX AVG LENGTH
____ ____ ~VOLTS DEPTH DEPTH LNT

24 5 62 7H 9.27 5 1.21 71.0 45.8 28.4
24 5 62 7H 9.52 6 0.86 67.0 47.3 41
24 5 62 7H 10.89 7 0.12 56.0 38.7 19
24 5 62 7H 11.30 8 1.54 100.0 83.4 85.2
24 5 62 7H 11.67 9 0.35 79.0 43.8 22.1
24 5 62 7H 12.58 10 1.77 100.0 77.9 82.2
24 5 62 7H 12.95 11 1.37 100.0 78A 69.5
24 5 62 7H 13.30 12 1.52 100.0 24.2 78.9
24 5 62 7H 14.13 13 0.33 88.0 49.1 25.2
24 5 62 7H1 14.50 14 2.23 100.0 89.9 91.6
24 5 62 7H 14.77 15 1.31 100.0 86.6 88.4
24 5 62 7H 15.71 16 0.27 92.0 54.2 15.8
24 5 62 77H 16.04 17 2.01 100.0 83.7 91.6
24 5 62 7H 16.40 18 1A2 100.0 82.9 75.8
24 5 62 7H 17.25 19 0.15 83.0 50.6 12.6
24 5 62 7H 17.71 20 1.25 99.0 70.6 101.1
24 5 62 7H 17.88 21 0.55 88.0 63.9 44.2
24 5 62 7H 19.04 22 0.25 92.0 47.7 28.4
24 5 62 7H 19.59 23 3.04 100.0 89.8 126A
24 5 62 7H 21.06 24 0.54 100.0 72.1 34.7
24 5 62 7H 21.30 25 0.59 99.0 65.6 47.4
24 5 62 7H 22A6 26 0.58 100.0 67.0 41.1
24' 5 62 7H 22.68 27 0.55 100.0 60.1 37.9
24 5 62 7H 23.08 28 0.68 99.0 72.9 66.4
24 5 62 7H 23.29 29 0.52 92.0 67.9 37.9
24 5 62 7H 23.89 30 1.23 100.0 18.5 75.7
24 5 62 7H 24.15 31 0.25 79.0 45.0 34.7
24 5 62 7H 24.80 32 1.18 100.0 73.6 91.5
24 5 62 7H 25.52 33 0.49 98.0 53.8 41.1
24 5 62 7H 25.76 34 1.90 100.0 89.1 1042
24 5 62 7H 26.07 35 0.33 100.0 47.5 34.7
24 5 68 7H 25.61 1 0.31 97.0 51.1 38.5
24 5 68 7H 18.30 2 0.36 99.0 52.2 27.5
24 5 68 7H1 17.56 3 0.30 68.0 48.4 30.2
24 5 68 7H 16.43 4 0.69 65.0 48.2 33
24 5 68 7H 12.89 5 0.21 89.0 42.1 22
24 6 23 7H 30.20 1 0.42 74.0 50.3 25.5
24 6 23 7H 29.31 2 0.40 98.0 60.8 22.7
24 6 23 7H 28.38 3 0.64 71.0 53.8 28A
24 6 23 7H1 27.46 4 0.17 65.0 38.8 17
24 6 23 7H 15.82 5 0.48 77.0 48.1 22.6
24 6 53 7H 27.55 1 0.85 97.0 52.2 36
24 7 52 7H 4.32 1 0.24 84.0 51.7 30.7
24 7 52 7H 11.97 2 0.21 96.0 55.9 25.1
24 7 52 7H 13.30 3 0.11 99.0 44.8 22.4
24 7 52 7H 13.81 4 0.16 95.0 54.7 22.4
24 7 52 7H 15.77 5 0.14 66.0 36.0 19.9
24 7 52 7H 16.49 6 0.30 73.0 45.5 19.9
24 7 52 7H 16.79 7 0.25 69.0 46.7 22.7
24 7 52 7H 18.53 8 0.35 98.0 62.9 25.5
24 7 52 7H 19.18 9 0.25 99.0 60.0 28.3
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Angular Position Verification
The angular position of the indications in tube SG 24 R5-C62 was verified using a magnetic indexing
reference probe. This probe consists of a long sheath with a high strength magnet at its tip. The probe is
inserted into a tube immediately adjacent to a flawed tube and the magnet is positioned near the flaw of
interest. The flawed tube is then scanned with a rotating eddy current probe in order to image the flaw
and magnet response in one scan. For this test the magnet was positioned 6 inches into the bend region of
4 tubes adjacent to R5-C62, one at a time, and tube R5-C62 was scanned each time with a rotating +Point
probe. The signal response from the magnet was related to the flaw response in order to determine the
angular position of the flaw. The result of this test is shown below and the view presented is from the hot
leg of the steam generator. This test was repeated with a rotating pancake probe later for different
application.

R6 C62

R5 CS1 270 R_ C62 50 RS C63

0

R4 C62
CD

FIGURE 3 - INDICATION LOCATiONS BASED ON MAGNETIC INDEXING PROBE

000TNG) Angular position of the same Indication as obtained by 4 acquisitions
from neighboring tubes using a magnet.
100 ccw from R5-C61
800 cw from R4-C62
1608 cw from R5-C63
2550 cw from R6-C62

0 Angular position of the sole indication on the opposite side of the tube
measured from the magnets and from the larger indication.
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Angular Position Based On Down Locator
The flexible U-bend rotating probes incorporate a down locator module designed to locate the intrados of
the tube. The module houses a cylindrical race with a single ball bearing inside it. The ball bearing is
held at the bottom of the race by gravity and reacts with the magnetic fields of four nearby electrical coils
as the module's body rotates. The signal response from the down locator is used as a reference to identify
the intrados of the tube allowing angular positioning of the flaw.

The table below attempts to locate the angular (circumferential) position of the flaw(s), in degrees, in
relation to the intrados of the tube using the rotating probe's down locator. The result of the magnetic
indexing probe, discussed on the previous page, verifies the methodology used here with the down locator
is correct since the magnetic indexing probe method is absolute and the two methods agree for tube R5-
C62. Based on the variability of the down locator's response in the data acquired this outage, the
accuracy of the measurements is believed to be *200. The positions given are based on a view of the tube
from the hot leg side of the steam generator as shown in table's diagram.

TABLE 4 - ANGULAR POSITION OF THE INDICATIONS
BASED ON THE DOWN LOCATOR

POSITION
SG ROW COL POSITION (Forindcation(degree) on Opposite

______ _______ ~~ ~~Side) 8 E mds

21 5 54 2770 -

22 4 51 2720 890
22 10 19 2720
23 3 86 3000 1050 - -90
23 3 93 3020 ___
23 4 52 3020 _
24 5 60 2870 .0 antrdos)
24 5 62 278° 88°
24 5 68 299 Deftect Orientatlan Refs.n
24 6 23 294 - VbWed From tt Hot Lm
24 6 53 860
24 7 52 273°
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Historical Data Review
The table below presents all of the U-bend flaws in Rows 3 thru 10 along with the results of a review of
historical bobbin data. None of these tubes has ever been examined with the +Point probe in the past
therefore no review of this technique could be performed. The possible number of flaws that could be
seen by bobbin was determined based on spacing between the flaws since some of the flaws are very
close to one another. The actual number of circumferential indications is larger than the number that can
be individually resolved by the bobbin probe, seen in the following table. The number of outages
reviewed is evidenced by the numeric values in the Table below and represent the number of bobbin
detectable indications. The process followed for the historical review started with the current outage data
and proceeded backwards in time until two outages with no detection were encountered. Some tubes
received a further review for various reasons and for others when their data existed on a calibration group
being reviewed for another tube. Baseline data was also reviewed for a number of the tubes to investigate
the possibility of manufacturing anomalies. Only one tube, SG 24 R5-C62, had any bobbin detectable
indications. The bent condition of the tube and the circumferential orientation of the flaws are the
expected reasons for the lack of bobbin detection. The tangents are especially challenging and the
horizontal probe motion of the bobbin probe also degrades performance in the smaller radius bends.
Additional reasons for the non-detection are offered in the table below for specific flaws. The +Point
amplitude is also an important factor and Figure 6 shows the correlation between those indications
detected with the filtered bobbin data channel and their +Point voltage, which explains why only the
indications in tube R5-C62 were detected. The indications detected in R5-C62 with bobbin were those
with the largest +Point voltages. Figure 4 on the following page presents a snapshot, over time, of the
bobbin detectability for R5-C62 showing evidence of the degradation since 1996.

TABLE 5 - BOBBIN DATA REVIEW

SO Row cl NovMar Se Apr Fb Sep ay Feb Number Partial Reason For No Tb
SG Row Col Nov Miar SepAprFeb Sep 2001 Feb Of Flaws Bobbin Detection and Tube1982 1993 1994 1996 1998 1999 2001 2003 Possible(ntsChte

___ ~~For Bobbin(oe)

21 5 54 0 0 0 0 0 4 1 -Tangent area No
_______3 3-Amplitude

22 4 51 0 0 0 0 0 8 2 -Tangentarea No

22 10 19 0 0 2 2 - Amplitude No

23 3 86 0 0 1 Tangent No
23 3 93 0 1 O 0 0 0 0 1 Tangent No

23 4 52 0 0 1 Tangent area Yes

24 5 60 0 0 0 3 1 - Tangent Yes

24 5 620 0 0 1 4 4 6 1 3 18 Amplitude Yes
1 - Tangent area

24 5 68 0 0 0 0 0 0 0 5 3 - Amplitude No
I - Probe Motion

24 6 23 0 0 0 0 0 4 3 -Tangent area Yes

24 6 53 00 0 0 1 Tangent area Yes

24 7 52 0 0 0 4 1 -Tangent No
_______ 3 3-Amplitude N
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Evaluation of U-bend Indications From Diablo Canyon Unit 2 Outage 2R1 1 51-5024976-00

Growth Based on Bobbin Amplitude

A review of the current outage and historical bobbin data resulted in detection of some of the indications
in only one tube. The detection was possible using a filtered data channel which showed some of the
indications were present as far back as 1996. The slow growth is evidenced by the fact that indications
can be seen in the data as far back as 1996 with an increase in both the number of indications and the
indication's amplitude over time. The following table and graph provides the results of this review. It
must be mentioned that the depth estimates (%TW) are not a good indicator of true depth or of growth.
The best indicator of growth is the signal amplitude (volts).

TABLE 6 - SG 24 R5-C62 HISTORICAL BOBBIN DATA REVIEW

Elevation Feb 2003 May 2001 Sept 1999 Feb 1998 AprI 1996
Above 7H Volts %NTW Volts %TW Volts %TW Volts %TW Volts ANSTW

4.56 0.42 97 _
11.01 0.30 51 0.41 22 0.37 21 0.19 50 =
12.64 0.30 93
12.99 0.31 99 0.14 59 0.16 96 0.08 50
13.26 0.25 89 0.11 91 0.14 59 0.17 21
14.55 0.34 86 0.36 86 0.13 95 0.09 37 0.15 44
14.81 0.15 94
16.03 0.29 95 0.20 96
16.45 0.27 69 _

17.72 0.11 76
19.63 0.32 84 0.21 92 .
23.19 0.11 84
25.87 0.22 83

FIGURE 5- VOLTAGE GROWTH

w

I

u.

E

C

0.45
0.4

0.35
0.3

0.25
0.2

0.15
0.1

0.05
0

1996 1997 1998 1999 2000 2001 2002 2003

Year
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Correlation Between +Point and Bobbin Detection

Figure 6 shows the correlation between the +Point max voltage for each indication and the detection of
the bandpass filtered bobbin data channel. There were a total of 92 +Point indications in the 12 affected
tubes of which 13 were detectable in the bobbin data with pre-knowledge of the +Point results. Nine
were detectable without pre-knowledge and produced clear Lissajous signals for analysis. The results
show that bobbin detection is well correlated to +Point volts. The lowest +Point voltage detected was
1.23 Vpp and the highest voltage not detected was 1.21 Vpp. The Bandpass filter was applied to the 200
kHz differential channel with a low cut of 33, a high cut of 171 and a sharpness of 23. The +Point
voltage was measured from the 300 kHz channel normalized to 20 Vpp on the 100% Circumferential
EDM in the Axial Lissajous window. Figure 7 shows the correlation between bobbin detection and
+Point average depth, calculated from the line-by-line sizing.

FIGURE 6 - Comparison of Filtered Bobbin
Detection to +Point Volts

4-

~2 - *

0~~~

0 20 40 60 80
Indications

| Bobbin Detection o No Bobbin Detection

I FIGURE 7 - Comparison of Filtered Bobbin
Detection to -Point Average Depth

100
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60
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0

6 - q**00
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Indlcatlons

I * Bobbin Detection o No Bobbin Detection I
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Indicators of Susceptibility
A review of the bobbin and +Point eddy current data was performed in order to see if anything was
different between the tubes with U-bend indications and those without. This review involved an analysis
of all of the data channels looking for anything peculiar and a side-by-side comparison of the flawed and
non-flawed tubes. These peculiarities would be differences in the data between flawed and non-flawed
tubes, specifically either localized or broad signal responses that were common to one group and absent in
the other. There was nothing identified in either the bobbin or +Point data that could be considered an
indicator of susceptibility. Early in the inspection there was thought to be an association with mandrel
chatter because the first few tubes with U-bend indications also displayed chatter signals in the bobbin
data. All of the tubes with U-bend indications were reviewed for chatter and it was determined to be
unrelated when only 5 of the 12 tubes displayed this condition and numerous other non-flawed tubes also
displayed this condition (See Table 5).

Investigation of "Ridges"
An investigation was performed to determine the source of the "ridges" in the eddy current C-scan plots
since they have a high correlation with the indications. The indications are all located within the "ridge"
signals seen by the +Point probe, with one exception. The exception is one indication in SG 23 R4-C52
where the indication is outside, but immediately adjacent to the ridge. These "ridge" signals are attributed
to ovalization of the tube as confirmed by the pancake probe and the X-Probe. It is also understood that
some degree of tube wall thickness variation exists in this area which may cause a signal response. These
"ridge" signals are coincident with the sides or flanks of the tube as confirmed with the down locator in
the +Point probe and their correlation with the X-Probe's profilometry plots. The indications are very
similar in that, for the most part, they remain within the width of the "ridge".

Other plant data was reviewed for these "ridge" signals and they were found in all of the data reviewed.
The types of data reviewed included all four steam generators in DCPP Unit 2, data from DCPP Unit 1
which contains both Blairsville and Huntington tubing, data from two other operating plants' steam
generators and data from replacement steam generator tubing prior to installation. A common factor for
all of the data reviewed is a tendency for the magnitude of the "ridges" to dissipate with increasing row,
expected as the tube ovality and wall thickness variation decreases.

Comparison With Row 1 Indications
The indications in Rows I thru 10 are postulated to be PWSCC. The indications in Rows 3 thru 10 were
compared to indications in Row I to evaluate similarity. The data for Row I tubes included those
discovered in 3 tubes during the 2R1 I inspection, indications in 9 tubes from previous DCPP Unit 2
inspections, indications in 4 tubes from previous DCPP Unit I inspections and 2 tubes from another plant.
There were more differences than similarities leading to a conclusion that the indications in Rows 3 thru
10 are not exactly the same as those in Row 1.

The differences are that a few of the indications reviewed are axial in nature and all of the indications in
Rows 3 thru 10 are circumferential. All of the Row 1 indications are located on either the intrados or
extrados where the Rows 3 thru 10 indications are on the sides of the tube. Being on the top or bottom of
the tube, the Row I indications are not located within "ridges". The signal formation of the Row I
indications show some differences, primarily due to influences from the tangents or their large
amplitudes, and their arc lengths vary widely. All of the indications in Rows 1 thru 10 were ID originated
and produced linear crack-like responses. A couple of the Row 1 indications are located on the edges of
the tangent, placing them close to the tube flanks, and have similar amplitude and appearance to the Row
3 thru 10 indications.
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Comparison of R5-C62 With The Other 11 Tubes

FIGURE 8 - +Polnt Flaw Length
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Observations For Rows 3 thru 10

Summary of Observations

* The indications are restricted to Rows 3 thru 10.

* The majority of the indications, for all steam generators, are concentrated in a few basic areas of
the tube bundle.

* The indications originate from the inside surface of the tube.

* The indications are circumferential but slightly off-axis based on pancake coil and visual.

* The indications off-axis angle is similar for multiple flaws.

* The indications are aligned within a "ridge" signal except for one indication.

* Most tubes have indications along only one "ridge" meaning they are at the same angular
(circumferential) position and only 3 of the tubes have indications on two sides of the tube.

* The "ridges" were determined to be caused by tube ovalization and are common to all plants
reviewed including new replacement SG tubing.

* The flaw lengths are short and, for the most part, contained within the "ridge" signal.

* Tubes with a single indication have it at the tangent, except for one.

* Tubes with a single indication have it located at the cold leg tangent.

* A number of the indications in SG 24 R5-C62 have considerably higher +Point voltages than the
other 11 tubes. This also explains why bobbin detection exists for only this tube.

* The two angular positioning methods used (magnetic indexing probe and down locator in the
rotating probe) agree on the position of the indications in SG 24 R5-C62.

* The angular position of the indications in II tubes is the same, meaning the indications are on the
same side of the tube in these cases.

* The angular position of the sole indication in SG 24 R6-C53 is the same as the 3 tubes with
indications on both sides of the tube.

* A special calibration using a filtered data channel greatly improves the bobbin detection, from 3
indications using the raw unfiltered data to 13 indications with the filter (applying knowledge of
the +Point results in both cases). The filter also produces clear forming Lissajous signals that are
easy to recognize for 9 of these indications.

* An excellent correlation between bobbin detection and +Point volts exists for SG 24 R5-C62
showing that the lack of bobbin detection in the other 11 tubes is due primarily to the depth of the
indications (voltage being a reasonable indicator of depth for cracks and R5-C62 known to be
leaking). This is supported by a similar comparison to +Point average depth.

* A review of historical bobbin data for SG 24 R5-C62 shows evidence of indications as far back as
1996.

* A review of the historical bobbin data for SG 24 R5-C62 shows an increase in the number of
detectable indications between 1996 and 2003 as well as an increase in the bobbin voltages of
these signals.

* There were no indicators in the bobbin or +Point data that could be used to identify susceptible
tubes.

* The Row 1 indications displayed more differences than similarities in the eddy current data, due
primarily to their location and dimensional characteristics, even though all of the indications are
suspect of being PWSCC.
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FIGURE 11 - SG 21 Row 5 Column 54
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FIGURE 12 - SG 22 Row 4 Column 51
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FIGURE 13 - SG 22 Row 10 Column 19
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FIGURE 14 - SG 23 Row 3 Column 86
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FIGURE 15 - SG 23 Row 3 Column 93
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FIGURE 16 - SG 23 Row 4 Column 52
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FIGURE 17 - SG 24 Row 5 Column 60
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FIGURE 18 - SG 24 Row 5 Column 62
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FIGURE 19 - SG 24 Row 5 Column 68
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FIGURE 20 - SG 24 Row 6 Column 23
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FIGURE 21 - SG 24 Row 6 Column 53
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FIGURE 22 - SG 24 Row 7 Column 52
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DIS Distorted ID Support Signal with possible Indication
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GL NRC Generic Letter 95-05
GPM Gallons per Minute
ISI In-service Inspection
LRL Lower Repair Limit
LU Lookup
MSLB Main Steam Line Break
NDE Non Destructive Examination
NDD No Degradation Detected
NRC Nuclear Regulatory Commission
ODSCC Outside Diameter Stress Corrosion Cracking
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RTS Return to Service
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TS Technical Specification
TSP Tube Support Plate
VDG Voltage Dependent Growth
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1.0 Introduction

The Diablo Canyon Power Plant (DCPP) Unit 2 completed the eleventh cycle of operation and
subsequent steam generator ISI in March 2003. The unit employs four Westinghouse-designed
Model 51 SGs with Ys-inch OD mill annealed alloy 600 tubing and 34-inch carbon steel drilled-
hole tube support plates.

In accordance with the Generic Letter 95-05, ARC implementation requires a pre-startup
assessment (Ref. 1) and a 90-day post-startup tube integrity assessment. The NRC Generic Letter
95-05, Ref. 2, outlines an alternate repair criterion (ARC) for allowing tubes contning ODSCC
indications to remain in service if the indications are contained within the TSP structure and the
measured Bobbin voltage is 52.0 volts. A complete list of criteria fqr excluding TSP
intersections from ARC application is provided in section l.b of Ref 2 and in Ref. 3. The NRC
has approved implementation of the voltage-based repair criteria at both DCPP units per Ref 3.
The steam generator TSP inspection results and the postulated MSLB leak rate and tube burst
probabilities are summarized in this report FANP uses Monte Carlo codes, as described in Refs.
4 and 5, to provide the burst and leak rate analysis simulations. These evaluations are based on
the methods in Ref 6 (for burst) and the new slope sampling method for calculating the leak rate
as defined in Ref 8.

2.0 Executive Summary

During Cycle I1 at DCPP Unit 2, the tubes experienced a higher than predicted voltage
dependent growth (VDG) of the axial ODSCC indications that remained inservice at EOC-l0.
Included in this population was tube SG 2-4 R44C45, that grew from 2.0 volts (bobbin) to 21.5
volts during Cycle 1. Based on the number and the size of the indications, SG 2-4 is predicted
to be the limiting generator for Diablo Canyon Unit 2 at the end of Cycle 12. SG 2-4
experienced higher than predicted voltage dependent growth, where the larger indications that
were returned to service at EOC-i 1 grew faster than the smaller indications, as measured by
bobbin voltage. These results coupled with the 21.5-volt bobbin indication detected in SG 2-4,
did not permit satisfaction of the GL 95-05 1% POB reporting threshold for any cycle length
using the NRC approved POD (probability of detection) of 0.6. Satisfaction of the POB reporting
threshold was achieved with the use of a POD of 1.0 for the 21.5-volt flaw. The use of this POD
was subsequently approved by the NRC in Ref 22. Meetings and correspondence with NRC
Staff requested NRC approval of a voltage-dependent POD, or POPCD (probability of prior
cycle detection), strategy for DCPP-2 Cycle 12. NRC approval of POPCD for use in Cycle 12 is
pending. The use of DCPP POPCD in combination with a VDG strategy results in meeting the
GL 95-05 acceptance criteria for leak and POB at EOC-12.

The breakdown of all indications, including those axial indications not detectable by bobbin coil
(AONDB), applicable to the voltage-based repair criteria for condition monitoring is as follows:
350 in SG 2-1, 278 in SG 2-2, 263 in SG 2-3, and 982 in SG 2-4, for a total of 1873. The BOC-
12 (beginning of cycle) distributions were calculated using both a POD of 0.6 and DCPP POPCD
for inservice tubes and then subtracting the repaired indications. In the cases where the NRC
POD of 0.6 was used, a POD of 1.0 was used for the 21.5-volt indication in SG 2-4. For the
application of the DCPP POPCD, the transformation was performed during the Monte Carlo
simulation process, as described in Ref 10.
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During 2RI 1, 88 DOS indications greater than the lower repair limit of 2.0 volts were detected in
all four SGs. All of these indications confirmed as axial ODSCC and were removed from
service by plugging. In addition to tubes requiring repair, the decision was made during the
outage to repair confirmed DOS indications >1.2 Volts to aid in reducing the potential for fast
growing indications, as well as justifying a full cycle of operation based on POPCD, voltage
dependent growth, and worst case burst pressure result assumptions from the pulled tubes from
DCPP-2. Using the NRC approved POD combination (0.6 for all indications except 1.0 for
R44C45) in congunction with VDG for Unit 2 Cycle 12 planned operation of 1.54 EFPY, results
in exceeding the POB threshold of lxlO'2 at EOC-12 in two SGs. SG 2-4 is the limiting SG,
surpassing the threshold at approximately 0.53 EFPY into Cycle 12. Even though the large
indication is removed from the BOC distribution, the remaining fractional population of higher
voltage indications in SG 2-4 that are assumed to be present at BOC-12 from the application of
the 0.6 POD in combination with the potential of another indication growing at 11.9 vIEFPY,
projects very high voltages at EOC-12, and thus a high POB. Utilizing a DCPP-specific
POPCD in conjunction with VDG, the EOC-12 POB is predicted to be 5.5x1 3 for SG 2-4, thus
meeting the POB threshold. Predicted MSLB leakage using either POD of 0.6, a combination
POD (0.6./1.0 for R44C45), or POPCD, does not exceed the DCPP-2 leakage criteria of 10.5
gpm at EOC-12.

A total of 1864 DOS indications were found in active tubes during the EOC-11 inspection, of
which 338 were over 1 volt, and 88 were over 2 volts. Of the 855 Plus-point inspections of DOS
indications, 752 were confirmed yielding an overall confirmation rate of about 88%. All hot leg
indications > 1.2 volts were confirmed by Plus-point inspection and repaired by plugging as
previously stated. 9 additional indications in active tubes were identified as AONDB (axial
ODSCC not detected by bobbin). All of the inferred voltages for these indications were less than
I volt, but only three of these indications were actually retuned to service (RTS) for Cycle 12,
most being repaired for other reasons in the affected tubes.

The leak rate and burst pressure correlations for the CM analysis were based on the latest NRC
approved database for 7/8" tubing (Ref. 8). The operational assessment utilized the revised
database that included the two pulled tube specimens from DCPP Unit 2 this outage. The FANP
Leaker and Burst Monte Carlo codes that are based on Refs. 6, 8, and 10 methods, are used to
provide the burst and leak rate analysis results for this report.
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3.0 EOC-11 Inspection Results and Voltage Growth Rates

3.1 EOC-11 Inspection Results

The DCPP 2RI I bobbin coil inspection consisted of a 100% complete full-length bobbin coil
examination of tubes in all four steam generators. 0.720" replaceable feet bobbin probes were
used for the straight length examinations including all TSP intersections in the hot and cold legs.
Special interest Plus-point examinations were conducted as follows in support of the voltage-
based ARC.

* 100% of DOS greater than 2 volts (as identified in Ref 12)
* 100% of DOS greater than 1.0 volts in all SGs and 100%/. of DOS less than 1.0 volt in SG 2-1

(as augmented during 2R1 1)
* 100% of DOS in dented intersections (as identified in Ref. 12)
* 100% of DIS (distorted ID support signal at dented intersection)
* Dented TSP examinations (as identified in Ref. 12)
* Other Special Interest or test programs that may test TSP intersections (as identified in Ref

12)

Based upon the 100%h bobbin inspection of all steam generators, a total of 1864 DOS indications
were identified. The results of the inspections are summarized as follows:

1. A single indication of 21.5 volts was detected in SG 2-4, the largest indication to date
detected in all US Westinghouse Series-SI operating plants.

2. Voltage Dependent Growth was dominant in SG 24 and also increased in the other SGs.
3. 88 DOS indications were greater than the lower repair limit (LRL- 2.0 volts). Each of the

indications were confirmed as ODSCC, required repair by plugging, and were distributed as
follows: 10 in SG 2-1, 5 in SG 2-2, 5 in SG 2-3 and 68 in SG 2-4. Table 3-1 lists the DOS
indications that were above the LRL (2.0 volts).

4. 9 indications were identified as AONDB (axial ODSCC not detected by bobbin). Table 3-2
lists the indications that were identified as AONDB. These are Plus-Point indications of
axial ODSCC that have no signal present in the bobbin coil data (no DOS signal). These
locations are typically smaller voltage ODSCC, by Plus-Poirt, and can be accompanied by a
dent that masks the bobbin voltage. Per Ref 8, a methodology has been developed to assign
a bobbin voltage based on a correlation to the Plus-Point voltage. Once the calculated
voltages are obtained, the locations are subjected to exclusion criteria defined in Ref. 12.

5. During the course of 2RI 1, the decision to repair DOS > 1.2 volts, preventively, was
executed in all SGs to aid in reducing the potential of fist growing indications as well as
permitting analyses to justify a full cycle of operation during Cycle 12.

6. Overall, 363 DOSIAONDB indications were repaired during 2R1 1. The breakdown is: 38 in
SG 2-1, 28 in SG 2-2, 32 in SO 2-3, and 265 in SG 24. This population was used in
computing the BOC-12 distributions for the OA calculations.

The average voltage was 0.76 volts, including AONDB indications. The 2R10 average was 0.72
volts. The majority of the largest voltages were detected in SG 2-4 and 2-1, and SG 24 had the
highest average voltage of 0.89 volts.
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Table 3-3 summarizes the voltage distributions for the as-found condition of the indications, the
repaired indications, indications returned to service that were either confirmed by Plus-point or
not inspected with Plus-point, and finally, the total indications returned to service. Eighty-eight
confirmed DOS had to be repaired because they exceeded the 2-volt repair limit. 164 confirmed
DOS were repaired between 1.2 and 2.0 volts. The other main reasons for repair of the other 111
DOS included DOS > 1.2v at different intersections in the same tube, the wedge exclusion
criterion, and combined ID/OD degradation at the same intersection, as well as other degradation
occurring elsewhere in the tubes.

The Plus-point inspections required for DOS indications were accomplished as a part of the
special interest exams. The 2R1 1 Plus-point inspection scope also included greater than 2 volt
dents based on criteria in the degradation assessment (Ref. 9). 855 Plus-point inspections were
performed where DOS indications were called by bobbin, excluding the AONDB intersections.
Of these inspections, 752 were confirmed yielding an overall confirmation rate of about 88%.

Figures 3-1 and 3-2 show the actual bobbin voltage distribution for all tubes that were in service
during Cycle 11. Figures 3-3 and 3-4 show the indications removed from service at 2RI1.
Figures 3-5 and 3-6 illustrate all the indications returned to service following the 2RII ECT
inspction. Table 3-1 shows all of the indications greater than the 2.0-volt lower repair limit. As
previously stated, all of these indications were confirmed as axial ODSCC and were removed
from service by plugging.

The DOS voltage distribution as a function of TSP elevation is provided in Table 3-5. Table 3-5
and Figure 3-7 show that the ODSCC mechanism is most active at the lower hot leg TSPs, and
the number of indications tends to decrease as a function of higher TSP elevations. This
distribution shows the temperature dependence of ODSCC. At DCPP-2, potential cold leg
ODSCC indications are separated firom cold leg thinning indications by requiring that bobbin
indications in the region of occurrence for cold leg thinning per Ref. 12, be confirmed as
volumetric indications by Plus-Point at the first occurrence of the bobbin indication. However,
no cold leg ODSCC has been detected to date at DCPP-2.

3.2 Voliage Growth Rates

For projection of leak rates and tube burst probabilities at the EOC-12 operation, voltage growth
rates were developed from the 2R11 inspection data. Cycle 11 was 1.643 EFPY in length per
Ref 18. For indications not reported during the 2R10 inspection (i.e. new at 2RII), the
indications were sized using the 2R10 ECT signals based on a lookup review. There were 1009
newly reported DOS indications in 2RI I. Of these 1009 new indications, 998 were detected
during the 2R10 lookup and were assigned a 2R10 voltage. The remaining 11 indications were
not detectable during the lookup (LU) and were, therefore, not included in the growth rate
calculations per GL 95-05. The highest 2R11 voltage of a 2R10 NDD-LU indication is 0.38,
indicating that indications initiating during Cycle 11 were not growing at a fast rate.
Additionally, the average upper 95% growth rate of all new indications was 0.25v/EFPY, again
indicating that new indications are not growing fast. Table 3-4 provides a summaTry of
indications with the largest growth during Cycle 11. Table 3-5 provides the maximum and
average voltage growth distribution by TSP. Table 3-6 provides the average BOC voltage,
average growth rate data and average percent growth for the last four cycles at DCPP-2. Figure
3-29 depicts this information graphically and shows the increase in growth rate and the slight
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decrease in average BOC voltage, reflecting the impact of a large number of new low voltage
indications detected in 2R11. Table 3-7 shows the voltage independent growth distributions for
each SG and the composite for all four SGs. The cumulative probability distribution fimction is
also provided here. Figures 3-8 and 3-9 show the voltage growth distributions depicted in bar
charts. The negative growth values were included as zero growth rates, as required by Generic
Letter 95-05. Reviewing the average and maximum voltage growth for all indications for each
SG as well as the number of new indications in each SG shows that the ODSCC mechanism is
most active in SG 2-4. This phenomenon of a leading SG in plants affected by ODSCC is
common in the industry. Reviewing Table 3-6 and Figures 3-8 and 3-9 also supports this
conclusion. As shown in the table and figures, the largest growth rates occurred in SG 2-4.
Cycles 10 and 11 voltage independent growth rates for each SO are provided in Figure 3-30, and
Figure 31, respectively.

3.2.1 Dependency of Voltage Growth on BOC Voltage

For Cycle ii, growth rates were plotted against the BOC voltage for all steam generators. Their
data are shown in Figures 3-10 through 3-13. As is demonstrated by the figures, a positive slope
exists in all SGs, indicating that voltage growth at DCPP-2 is in fact a fimction of the BOC
voltage. This phenomenon is known as voltage dependent growth (VDG) and the initiation of it
was previously observed in the Cycle 10 data for SGs 2-3 and 2-4, as documented in the 2R10
90-day report. Another observation is that the new indications are not exhibiting as much VDG
as repeat indications. Figure 3-14 depicts all of the Cycle 11 data for SG 2-4, including R44C45
that grew from 2.0 volts to 21.5 during Cycle 11. This graph supports the conclusion that the
growth rate of this indication is not indicative of the remaining population of the indications at
DCPP-2, and is a separate growth issue confined to this indication. A cause assessment of the
high growth rate of this indication is provided in Section 4 of this report A VDG strategy was
employed for the previous cycle 90-day report analyses for SGs 2-3 and 2-4, and to evaluate the
similarities between the two cycles, the Cycle 10 growth data is provided with the Cycle 1 I data
in Figures 3-15 through 3-18. VDG is not a new concept, and has been documented by the
European Sis affected by ODSCC. Because of their higher repair limits, their data encompasses
a much broader and higher range of data than at DCPP and the US plants and provides
significant basis for the VDG approach.

3.22 VDGAnalyss of C e 10 and 11 Data

A significant amount of analysis and evaluation was performed during 2R1 1 on voltage growth
for ODSCC at TSPs. The evaluations primarily involved statistical breakpoint analysis to
detennine where the data suggests a change in the slope of the regression curve that defines the
Cycles 10 and 11 growth data, not including R44C45 growth. Ultimately the conclusions
reached by a Westinghouse statistical evaluation (Ref. 14, submitted by PG&E in a separate
attachment to the 90 day report), determined that Cycle 10 and Cycle 11 data were statistically
related and defined very similar breakpoints in the SG with the most active ODSCC growth (SG
2-4). The Cycle 10 data analysis defined breakpoints at 0.69 and 1.17v, and the Cycle 11
analysis resulted in breakpoints at 0.61 and 1.66v (Figures 3-30 and 3-29). The 30 largest data
points from Cycle 10 (in the >1.17 bin) were then added to the SG 2-4 Cycle 11 data, and
defined new breakpoints at three different categories of BOC voltages for voltage dependent
growth(<=0.59V, 0.60 to 1.66 V, and >1.66V). Figure 3-21 provides the combined data in the
upper voltage range and the final breakpoints that were used to define growth for the Cycle 12
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operational assessment calculations. By comparing Figures 19 and 21, it is seen that combining
Cycle 11 growth with the 30 largest Cycle 10 growths has no effect on the upper bin brakpoints
and only a small effect on the first breakpoint.

Tables 3-8 through 3-10 contain the three different sets of growth rates based on BOC voltages,
broken at the points defined by the Westinghouse evaluation. It is considered appropriate to
apply the SG 24 VDG breakpoints for all SGs since SG 24 has a more maure population and
will better reflect expectations in the other SGs over the next cycle. The composite low bin has
1411 indications, the composite middle bin has 420 indications, and the composite high bin has
22 indications. Figure 3-22 shows these growth rate distributions for three different ranges of
BOC voltages for all SGs combined. As shown in the figure, there is a consistent shift toward
higher growth for larger BOC voltages. Similar charts were prepared for each steamn generator
individually and are shown in Figures 3-23 through 3-26. The upper bin curve becomes much
more "choppy" for those SGs that have limited data in that bin for Cycle 11. Figure 3-27 shows
SG 2-4 with the thee different bin ranges and a line noted as 'Independent Curve" which
represents the "voltage independent growth" distribution with the data not binned into the three
different voltage ranges. This helps to demonstrate the differences between the analyses when
three binned curves are used in the Cycle 12 Monte Carlo analyses, versus an independent curve
applied to all of the data. Results of benchmarking and sensitivity studies are provided later in
this report

For the operational assesment the SG-specific VD growth rates developed for Cycle 11 were
also evaluated against the Generic Letter requirements. The GL requires that the most limiting
of the two growth distributions from the previous two cycles should be used. Cycle 11 voltage
dependent data, provided in Tables 3-8, 3-9, and 3-10 were assembled for each of the voltage
bins. Graphically the data is shown in Figures 3-23 to 3-26, and combined in Figure 3-22.
Cycle 10 VDG data binned in the same manner is shown in Figure 3-28 for all SGs. Comparing
Cycle 10 to Cycle 11 data, demonstrates that the Cycle 11 data is bounding Cycle 10, therefore it
should be used in Cycle 12 projections. Additionally, Cycle II depicts a more mature
population of growth data. In comparing the Cycle 11 data between the SGs, again it was
determined that SG 2-4 contained the most conservative VDG curves. Therefore a composite
curve was developed for all Cycle 11 data, which bounded SGS 2-1, 2-2, and 2-3, in all bins.

In the cases where VD growth was used in Cycle 12 projections, Table 3-12 presents the growth
rates used in the simulations. In the Cycle 12 OA calculations for SGs 2-1, 2-2, and 2-3, a
composite Cycle 11 growth distribution (all SGs) was used for the upper and lower growth bins.
Note that the upper bin included the 11.9vIEFPY growth from SG 24, R44C45. The middle bin
used a composite Cycle 11 growth distribution also, however, the growth values were all
increased by 10% from the actual Cycle 11 results. The increase was accomplished by
multiplying each individual growth data point in the BOC mid-voltage range by 1.1 prior to
binning the results. By comparing the data in the middle bins in Figure 3-22 and 3-28, an
apparent shift in the middle bin growth is present during Cycle 11. Additionally, the overall
Cycle 11 average growth rate increased by about 10% compared to the Cycle 10 average growth
rate, as shown in Figure 3-29. Although this increase is attributed to the fact that the DCPP-2
population of indications was relatively immature at BOC-ll and merely the fast growing
indications leading the rest of the population, a conservative 10%h increase was applied to this bin
for all Cycle 12 VDG projections. For SG 2-4, SG-specific growth was used for the lower and
middle bins. For the upper-most bin in SG 2-4, all data points fiom Cycle 10 growth in this bin
(3 points: 0.8, 1.7, and 1.8 v/EFPY) from SG 2-4 were added to the Cycle 11 growth data since

---
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the VDG analysis demonstrated that the data was statistically related. Additionally, a single
growth point from the Cycle 11 high bin of SG 2-1 was added into the SG 24 growth data to
ensure that the upper bin contained the three largest Cycle 11 growth points in all Cycle 12
projections. This brings the total number of data points in the SG 2-4 upper bin to 21 (Table 3-
12). Adding the SG 2-1 data point is in accordance with Addendum S recommendations when
utilizing a voltage dependent POD to predict EOC conditions, and bounds all of the Cycle 10 and
Cycle I I SG-specific growth distributions.

By evaluating Cycle 10 and 11 growth data, the following conclusions can be made: VDG is
occurring in all SGs, with dominance in SG 2-4; similar characteristics exist in both Cycles 10
and 11; VDG affects repeat indications more so ta new indications; and, VDG in the worst
case SG (2-4) has not drastically changed or increased from Cycle 10 to Cycle 11 except for the
special case of R44C45 addressed in Section 4.

3.2.3 Independent Volage Growth Anabsis

Growth data for Cycle 11, independent of BOC-l 1 voltage, is contained in Table 3-7 for each
SG. These results are presented graphically in Figure 3-31. The Cycle 10 SG-specific growth
rates are shown in Figure 3-30. GL 95-05 requires that the most limiting of the two growth
distributions from the previous two cycles should be used. Comparing these distributions against
these requirements, it was determined that the Cycle 11 data was more conservative than Cycle
10 data. Therefore, for EOC-12 projections, Cycle I 1 data should be used. Additionally, it was
determined that SG 24 had the most conservative growth rates during Cycle II. Therefore a
composite curve for all SGs was developed and determined to be more conservative than the SG
specific curves for SGs 2-1, 2-2 and 2-3. Therefore, for Cycle 12 projections, a composite curve
was utilized for these SGs, and the SG specific curve was used for SG 2-4. Table 3-11 presents
the data that was used in the Cycle 12 OA calculations that utilized a voltage independent growth
approach.

3.3 Probe Wear Criteria

The first NRC requirement regarding probe wear is to minimize the potential for tubes to be
inspected with a probe that had failed the probe wear checL This was accomplished by
implementing the bobbin Examination Technique Specification Sheet (ETSS) #1 (Ref. II),
which required the probe have its feet replaced when failing the probe wear check, or in the case
of non-changeable feet probes, the probe discarded.

If the DOS voltage is at the retest threshold (1.5 volts or higher) and the Cal is designated as
"ARC Out" on the cal board, the indication code is changed from a DOS to an RSS (retest
support plate signal) indicating that a retest is required with a new probe. No new indications
were detected in the tubes when retested with the new probe.

The 2RI 1 eddy current inspection resulted in 30 bobbin indications greater than or equal to 1.5
volts that were inspected with a worn probe. These indications are shown in Table 3-13. The
RSS and DOS voltage variation was tabulated for each worn probe inspection. The retest
voltage values compare reasonably with the final acceptable DOS voltage, generally within
about A&S.%) of the RSS voltage. Figure 3-32 shows a comparison of the worn probe and good
probe voltages. This figure shows that the voltages do not change significantly between the
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worn probes and the good probes. Therefore, continued use of the 1.5-volt retest threshold is
justified (Ref. 13).

All RSS bobbin indications were inspected in accordance with the Ref 11 analysis guidelines.
Review of the probe wear log sheets and the eddy current test results indicate that no tubes were
inspected with a probe known to have failed the probe wear check. These reviews in conjunction
with the results in Table 3-13 address the NRC requirements listed in Ref. 15.

Another NRC requirement involves monitoring tubes that contain new DOS indications that
were inspected with probes that failed the wear check in the previous outage. This evaluation is
intended to look for 'new" large indications or a non-proportionately large percentage of "new"
indications in tubes that failed the check in the previous outage. The new 2R1 1 >= 0.5 volts
DOS indications in tubes that failed the probe wear check in 2R10 are shown in Table 3-14
sorted by descending Bobbin voltages per steam generator.

Overall there were 1864 DOS indications detected in the 2RI 1 inspection of the active tube
population and no tubes were deplugged during this outage. 1009 or -54% of the DOS
indications were new indications. Table 3-15 is presented to assess the number of new
indications against the probe wear requirements. Of the 1009 total new indications, 336 (-33%)
were in tubes inspected with a worn probe in 2RlO and 673 were in tubes inspected with a good
probe in 2R10. When these numbers are compared to the total number of inspections in 2R10,
the results shown in Table 3-16 are obtained. This table shows the approximate percentage of
(31%) tubes inspected with a worn probe in 2R10. The results are categorized based on whether
the previous inspection was performed with a worn probe or a good probe. Additionally, the
number of new indications?: 0.5 volts was determined to be 317. Out of these, again about 33%
(106/317) were in tubes that were inspected with a worn probe in 2R10. This confirms that the
number of new indications is approximately equivalent in both data sets.

Additionally, based on a review the overall 2R10 inspection results as shown on Table 3-16, the
number of tubes inspected during 2R10 that were ARC out was 4355, compared to 9791
inspections that were made with an ARC in probe. This total number of examinations is greater
than the number of tubes in service because several tubes have multiple examinations. The ratio
of ARC out tubes inspected to the total number of bobbin inspections is about 0.31 (or 31%).
This percentage compares reasonably with the ratio of the number of new DOSs and the number
of new > 0.5 volt DOSs in regard to the number inspected with an ARC out probe. This
demonstrates that the number of new indications is not biased towards the tubes that were
inspected with worn probes in 2R10.

The largest "new" indication detected in 2R1 I was a 2.30 volt DOS at 2H in SG 2-4 and it was
NDD with a good probe in 2R10. Based on the look-ups perforned, this indication should have
been called in 2RK0 at 029 volts. The next largest "new" indication, also detected in SG 2-4,
was a 1.61-volt DOS at 2H and it was also inspected with a good probe in 2R10. In actuality, the
majority of the new indications have signals in the previous inspection data but were not
identified by production analysis. About 90% of the new 2R1 1 indications were S 0.5 volts in
2R10, based on the historical lookups performed. This indicates that these new indications are
more a result of probability of detection rather than whether the tube was inspected with a worn
probe in 2R10. These percentages are not considered to indicate a disproportionate number of
new DOS are present in tubes that were inspected with a worn probe in the previous outage. The
largest "nevw indications inspected with a worn probe were 1.28 volt DOSs in SGs 2-3 and 2-4.

-
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Again, based on the look-ups performed, these indications should have been called in 2R10 at
0.45 volts and 0.65 volts, respectively.

In summary, the NRC analysis requirements regarding probe wear monitoring were met during
the 2R1 1 bobbin coil inspection and a more stringent wear tolerance is not required at DCPP.

3.4 Upper Voage Repair Limit

Per Generic Letter 95-OS, the upper repair limit must be calculated prior to each outage, and the
more conservative of the plant-specific average growth rate per EFPY or 30 percent per EFPY
should be used as the anticipated growth rate input for this calculation. The upper voltage repair
limit was calculated following growth rate analysis of the 2R1I data and was determined to be
5.10 volts (Ref. 12) based on the following formula. This calculation conservatively used a 45.3
percent per EFPY growth based on the SG 2-4 Cycle II growth rates. One point of interest is
that the removal of the ll.9vIEFPY point from this average calculation only reduces the value to
43/EFPY.

VLI = %V.ws %Vco
1+ +.

100 100

wher: Vu=. - upper voltage repair limit,
Vmx - NDE voltage measurement unmcinty - 20%I,
VoG - voltage gmowh anticipated between inspections - 45.3Y/EFPY x 1.54 EFPY - 69.76%,
VgL - voltage structural limit from the burst pressure - Bobbin voltage correlation, where the limit of
9.62 volts was used based on Ref. S.

3.5 NDE UncertaintyDistr tons

NDE uncertainties must be taken into account when projecting the end-of-cycle voltages for the
next operating cycle. The NDE uncertainties used in the calculations of the EOC-12 voltages are
described in Ref 6. The acquisition uncertainty was sawpled fiom a normal distribution with a
mean of zero, a standard deviation of 7%, and a cutoff limit of 15% based on the use of the probe
wear standard. The analyst uncertainty was sampled from a normal distribution with a mean of
zero, a standard deviation of 10.3%, and no cutoff limit These uncertainty distributions are
shown in Table 3-17 and Figure 3-33.

-i
.
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Table 3-1: 2R11 DOS Indications > 2.0 volts

SG Row Cal Id Elov volts

21 31 51 DOS 1H 6.54
21 37 45 DOS 2H 6.18
21 30 41 DOS 1H 5.1

21 7 33 DOS 1H 4.4
21 35 71 DOS 2H 3.43
21 28 48 DOS 1H 329
21 37 24 DOS 1H 2.88
21 27 33 DOS 1H 2.83

21 34 31 DOS 1H 2.73
21 36 41 DOS 2H 2.27

22 38 40 DOS 1H 6.31
22 22 67 DOS 2H 4.58
22 13 72 DOS 2f 3.42
22 14 75 DOS 1H 2.44
22 1s 51 DOS 2H 2A

23 9 23 DOS 1H 4.04
23 28 24 DOS 2H 3.05
23 14 55 DOS 1H 2.84

23 17 13 DOS 2H 2.3
23 32 52 DOS 2H 2.06

24 44 45 DOS 2H 21.6
24 18 76 DOS 2H 6.64
24 12 38 DOS 1H 6.2

24 3 50 DOS 2H 5.64
24 24 74 DOS 2H |_5.S
24 5 50 DOS 1H 5.46
24 13 76 DOS 2H 5.27

24 35 57 DOS 2H 5.09
24 29 48 DOS 2H 5.04

24 19 84 DOS 2H 5
24 1 52 DOS 1H 4.99
24 1S 80 DOS 2H 4.93
24 31 39 DOS 1H 4.82

24 25 60 DOS 2H 4.64
24 7 48 DOS 2H 4.55
24 18 80 DOS 2H 4.49

24 40 58 DOS 3H 4.36
24 7 84 DOS 2H 4.24

24 38 43 DOS 2H 4.17
24 26 59 DOS 2H 4.15
24 11 77 DOS 2H 4.04

I

I
-
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Table 3-1: 2R11 DOS Indications > 2.0 volts

SG Row Col Ind EvOY Volts

24 35 45 DOS 1K 3.78
24 34 43 DOS 2H 3.74
24 28 54 DOS IH 3.58
24 27 74 DOS 2H 3.42
24 2 47 DOS 1H 3.4
24 9 65 DOS IH 3.38
24 6 39 DOS IH 3.35
24 39 57 DOS 2H 3.27
24 4 50 DOS 1H 3.21
24 10 86 DOS 2H 3.14
24 16 55 DOS 2H 3.1
24 7 52 DOS 1H 3.09
24 11 89 DOS 2H 2.97
24 6 54 DOS 1H 2.96
24 7 64 DOS 2H 2.94
24 7 72 DOS 1H 2.9
24 40 59 DOS 2H 2.86
24 38 32 DOS 1H 2.84
24 18 52 DOS IH 2.81
24 38 23 DOS 3H 2.79
24 21 84 DOS 2H 2.75
24 3 55 DOS IH 2.65
24 6 53 DOS 1H 2.64
24 10 80 DOS 2H 2.64
24 11 47 DOS 2H 2.56

24 16 51 DOS IH 2.55
24 17 25 DOS IH 2.55
24 9 82 DOS 2H 2.5
24 3 55 DOS 2H 2.44
24 40 49 DOS 2H 2A4
24 2 58 DOS 2H 2A
24 2 56 DOS 2H 2.4
24 4 68 DOS 2H 2.37
24 28 61 DOS 2H 2.37
24 8 60 DOS 1H 2.36
24 11 68 DOS 1H 2.34
24 23 76 DOS 2H 2.32
24 30 68 DOS 2H 2.32
24 44 48 DOS 2H 2.3
24 1 66 DOS 2H 2.27
24 8 79 DOS 2H 2.27
24 39 62 DOS 2H 227
24 6 59 DOS 1H 2.21
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Table 3-1: 2R11 DOS Indications > 2.0 volts

SG Row Col Ind Bev Volts

24 15 84 DOS 2H 221
24 30 20 DOS 2H 2.17
24 20 64 DOS IH 2.16
24 24 38 DOS I1H 2.02
24 4 40 DOS 3H 2

Table 3-2: 2R11 AONDB Indications

Assigned
Dent Plus Pt DOS

SG Row Col ElevVoltage Voltage Voltage
22 8 30 1H 2.22 0.15 0.46
22 24 58 2H 1.08 0.22 0.52
22 12 71 1H 4.63 0.16 0.47
24 5 82 2H 0.11 OA2
24 5 68 2H 0.18 0.49
24 5 68 4H 0.23 0.53
24 6 53 4H 0.35 0.65
24 10 29 3H 1.91 0.12 0.43
24 30 38 3H 3.59 0.2 0.50

-
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Table 3-3: Summary of Inspection and Repair for Tubes Affected by ODSCC at TSPs

-821 -2 SG23

DOSs Retuwned -- DOSs Returned lo DOSs Returned to

Votage As-Found Repared Servic As-Found Repair so As-Fourd Rhepared Servic:e
Bin EOC-II Tubes SCC oD- Total EOC-11 dTubes Total EOC-11 Tubes Co crNODt Total

$CC or Not ~~~~SCC or Nott
InsD. w!)Pt t___ _ )_ Inso. wf+Pt (t)

0.1 0 0 0 O 0 0 0 0 0 0 0 0
0.2 21 0 11 21 13 0 12 13 17 0 1S 17
0.3 66 3 52 63 S0 1 43 49 42 3 38 39
0.4 59 2 46 57 45 3 38 42 58 3 50 55
0.5 51 1 39 50 47 3 41 44 39 0 38 89
0.6 36 1 31 35 31 1 28 30 28 1 26 27
0.7 34 0 23 34 27 2 25 25 19 1 17 18
0.6 21 0 18 21 11 0 11 11 19 1 18 18
0.9 II 0 9 11 18 1 17 17 3 0 3 3
1 5 0 5 5 7 0 7 7 4 0 4 4

1.1 11 0 10 11 7 0 7 7 4 0 4 4
1.2 4 0 4 4 5 0 3 6 7 0 7 7
1.3 111 I1 0 0 5 6 0 0 6 6 0 0

1.4 2 2 0 0 1 1 0 0 1 1 0 0
1.6 4 4 0 0 1 1 0 3 3 0 0
1.6 0 0 0 0 0 0 0 3 3 0 0
1.7 1 1 0 0 2 2 0 0 1 10 0
1.8 1 1 0 0 1 1 0 0 1 1 0 0
1.9 2 2 0 0 0 0 0 0 2 2 0 0
2 0 0 0 0 2 2 0 0 1 1 0 0

2.1 0 0 0 0 0 0 0 0 1 1 0 0
2.2 0 0 0 0 0 0 *0 0 0 0 0 0
2.3 1 1 0 0 0 0 0 1 1 0 0
2.4 0 0 0 0 1 1 0 0 0 0 0 0
2.5 0 0 0 0 1 1 0 0 0 0 0 0
2.6 0 0 0 0 0 0 0 0 0 0 0 0
2.7 0 0 0 0 0 0 0 0 0 0
2.8 1 1 0 0 0 0 0 0 0 0 0 0
2.9 2 2 0 0 0 0 0 0 1 1 0 0

3 0 0 0 0 0 0 0 0 0 0 0 0
3.1 0 0 0 0 0 0 0 0 1 1 0 0
3.2 0 0 0 0 0 0 0 0 0 0 0 0
3.3 1 1 0 0 0 0 0 0 0 0 0 _0
3.4 0 0 0 0 0 0 0 0 0 0 0 0
3.5 1 1 0 0 1 1 0 0 0 0 0
3.6 0 0 0 0 0 0 0 0 0 0 0 0
3.7 0 o 0 0 0 0 0 0 0 0 0 0 0 0
38 0 0 0 0 0 0 0 0 0 0 0 0
3.9 0 0 0 0 0 0 0 0 0 0 0 O
4 0 0 0 0 0 0 0 0 0 0 0 0

4.1 0 0 0 0 0 0 0 0 1 1 0 0
4.2 0 0 0 ° 0 0 0 0 0 0 0 0
4.3 0 0 0 0 0 0 0 0 0 0 0 0
4A. 1 1 0 0 0 0 0 0 0 0 0
4.5 0 0 0 0 0 0 0 0 0 0 0 0
4.6 0 0 0 0 1 1 0 0 0 0 0 0
4.7 0 0 0 0 0 0 0 0 0 0 0 0
4.8 0 0 0 0 0 0 0 0 0 0 0 0
4.9 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 **0

6 1 1 0 0 0 0 0 0 0 0 0 0
7 2 2 0 1 1_ 0 0 0 ° 0 0

>20 70 0 O O O 0 0 0 O0 0 0 ***O O
Total 350 38 248 312 278 28 232 250 263 32 220 231

>tV 46 31 14 15 29 17 10 12 34 23 11 11
V12 31 31 0 0 17 17 0 0 23 23 0 0

(1) Ts 10 I10 I 5 5 ( Pl5 5
(1) Total Includs all DOGIAONDB indlicalions returned b ancivc (contimed. amt inspecte4 w amdno confinmed with Plus Point).
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Table 3-3 (cont): Summary of Inspection and Repair for Tubes Affected by ODSCC at
TSPs

WMA
__________ Q0�S Relurned �I - -

)oteif Aa SGs008 Reuredt

Voltage As-Found
Bin EOC-11

Repared
Tube

Service
Calf. OD- I Total
B'" - IDS I (1)

As-oCUn
EOC-11

Repared
Tubes

Doss Retumed lb
Servie

SCC or Not I
i--- . rdn. (1)

_ _ __ I __ IL &r~r~l s - - J1 l nSU wie. . I

0.1 0 0 0 0 0 0 0 0
0.2 14 1 12 13 65 1 50 64
0.3 91 8 83 83 249 15 216 234
04 135 13 119 122 297 21 253 276
0.5 139 16 122 124 276 19 240 257
0.6 106 11 95 95 201 14 180 I8T
0.7 94 13 -80 1 174 16 145 158
0.8 81 6 75 75 132 7 122 125
O.Q 60 7 53 S3 92 8 82 84
1 33 5 28 28 49 5 44 44

1.1 22 2 20 20 44 2 41 42
1.2 26 3 23 23 42 3 37 S9
1.S 20 20 0 0 42 42 0 0
IA 1. 18 0 0 22 22 0 0
1.5 12 12 0 0 20 20 0 0
1.6 16 16 0 0 19 19 0 0
1.7 16 16 0 0 20 20 0 0
1.8 12 12 0 0 15 15 0 0
1.9 10 10 a 0 11 4 0 _

2 9 9 0 0 12 12 0 0
2.1 1 1 0 0 2 2 0 0
2.2 2 2 0 0 2 2 0 0
2.3 6 6 0 0 8 8 0 0
2A4 8 8 0 0 9 a 0 0
2.5 3 3 0 0 4 4 0 0
2.6 3 3 0 0 3 3 0 0
2.7 3 3 0 0 3 3 0 0
2.8 2 2 0 0 3 3 0 0
2.9 4 4 0 0 7 7 0 0
3 3 3 0 0 3 S 0 0

3.1 2 2 0 0 3 3 0 0
3.2 1 1 1 _ ° 0 1 1 0 0
3.3 2 2 0 0 3 3 0 0
3.4 3 3 0 0 3 3 0 0
3.5 1 1 . 0 3 3 .0 0
3.6 1 1 0 0 1 1 0 0
3.7 0 0 0 0 0 0 0 0
3.8 2 2 0 0 2 2 0 0
3.0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0

4.1 1 1 0 0 2 2 0 0
42 2 2 0 0 2 2 0 0
43 1 1 0 0 1 1 0 0
4A 1 1 0 0 2 2 0 0
4.5 1 I 0 0 1 0 0
4.6 1 1 0 2 2 0 0
4.7 1 1 0 0 1 1 0 0
4.8 0 0 0 0 0 0 0 0
4.9 1 1 0 0 1 1 0 0
5 3 3 0 0 3 3 0 0
e a - 0 0 7 70 0
7 2 2 0 0 5 5 0 0

120 1 1 0 0 1 1 0 0
Total 982 285 710 717 1873 363 ME1 1510
81V 229 188643 43 338 257 78 81
>1.2 181 1B810 252 252 0 0
>2V - 68 68 88 88

I
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Table 34: Summary of Largest Voltage Growth Rates per EFPY

Previous Growth/ P Ft New?
SG Row CeI Elev Volts Vohts EP et Nw

(2]R10) TY Rsl

24 44 45 2H 215 2 11.869 SAM Repeat

24 18 76 2H 6.64 1.73 2.988 SA Repeat

21 31 51 1t H 6.54 1.84 2.861 SAl Repeat

22 38 40 IH 631 1.94 2.660 SM Repeat

24 12 38 IH 6.2 1.9 2.617 SAI Repeat

21 37 45 2H 6.18 1.96 2.568 SAI Repeat
24 24 74 2H 5.5 1.38 2.508 SAM Repeat

24 13 76 2H 5.27 1.19 2.483 SAI Repeat

24 3 50 2H 5.64 1.68 2.410 SAI Repeat
24 31 39 1H 4.82 0.94 2.362 SA Repeat

24 29 48 211 5.04 1.29 2.282 S-- Repeat

21 30 41 1H 5.1 1.46 2.215 SAM Repeat

24 15 80 2H 4.93 1.37 2.167 SAI Repeat

24 1 52 IH 4.99 1.44 2.161 SAI Repeat

24 5 50 IIH 5.46 1.92 2.155 SM Repeat
24 35 57 2H 5.09 1.56 2.149 SMI Repeat

24 7 48 2H 4.55 1.39 1.923 SAI Repeat

24 25 60 2H 4.64 1.62 1.838 SM Repeat

23 9 23 1H 4.04 1.04 1.826 SAI Epeat

24 19 84 2H 5 2 1.826 SM Repeat
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Table 3-5: DOS Voltage and Growth Distribution by TSP Elevation

Growth units are volts/EFPY

Steam Generatbr 2-1 Steam Generator 2-2
Uibe Tubbc

support No of jMaximum Average Miaximum Average Suppot No. of Maximum Average MLaxum Average
Plate h_ _ ucons Whp Voltage Growth Grw lah _Ic__ons Voltage Volag G h Growth

lB 238 6.54 0.65 2.16 0.14 iH 91 6.31 0.67 2.66 0.13

2H 60 6.11 0.69 2.57 0.19 2H 11I 4.58 0.66 1.67 0.12

16 0.91 0.50 0.11 0.04 3H 37 1.21 0.47 0.26 0.07

4H 3 0|53 0.34 0.01 .0.01 4H 12 1.16 0.51 0.11 0.01

SH 16 0.82 0.51 0.10 0.02 SH 3 046 0.36 0.03 -0.03

6H 2 0.71 0.51 0.08 0.04 6H 1 0.21 0.21 -0.07 .0.07

7H 0 0.00 0.00 0.00 0.01 71 2 0.S3 0.39 0.04 0.00

CL IS 0.82 0.51 0.15 0.00 L 18 0.S3 037 022 0.00

FAl Inds 350 6dS4 ---Ui~l -- ~ 2.i6 0.13 AB hus 275 6.31 060 &2.66 OM0
_____ Steam Generator 2-3 T u I Steam Generator 2-4

Ibbe .1 . I T 7,be - -f

Suppart N of Maximuom Average j Maximum Average Support No. of Maximum Average blaximum Average

Plate lddicat Voltage Voltage Growth Growh plate =Indications Vol | Voltage | r Grwt Growth

111 146 4.04 0.60 1|I3 0.14 JR 35 6.20 0.31 2.62 0.20

211 76 3.05 0.61 1.07 0.15 211 450 21.50 1.05 11.37 0.30

311 21 1.19 0.60 0.44 0.10 311 127 4.36 o122 146 0.14

4H 3 0.32 0.31 0.09 0.01 4H | 29 1.71 0.5S 0.72 0.11

511 4 0.63 0.39 0.14 0.03 5SE 2 0.51 0.35 0.01 0.01

611 3 0.63 0.35 0.26 0.10 ES I 0.2 0.25 0.00 0.00

7H 0 0.00 0.00 0.00 0.00 7H 0 0.00 0.00 0.00 O.OD

Al 10 C 0.30 0.14 0.02 CL 12 1.24 . 0.10 0.01

~~Xi~i~ ~ 13F 4-04 1. 3 *0Ti 976 2W -- 11.7 0.23
= - . _ - - = m263 -. 5= 90 -- -

Composite of AD Feor SQs
Tubb

Support
MPlf

.

No. of I Mvxmum I Average I Maximur I Average
Indicaiors| Voltage Voltage Growth Gkowth

111 830 6.54 0.68 2196 0.15

2H 697 21.50 0.7 11.87 0.19

3H 201 436 0.57 1.46 0.09

411 47 1.71 0.43 0.72 0.03

SR1 25 0.12 0.40 0.14 0.01

61 7 0.71 0.33 0.26 0.02

711 2 0.53 0.10 0.04 0.00

CL 55 1.24 CAI 0.22 0.01

Aull las 1164 |21.50 0.68 11|.7 0.15

.1,
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Table 3-6: Voltage Growth for Cycles 8-11

Growth History for DCPP-2

- . - . S

S021 SG22 SG23 SG24 Al

Avg BOC VoltS 0.338 | 0.358 0.403 0.415 | 0.385
Cyde 8 Average Growth Per EFPY 10.054 0.054 -0.008 0.059 |.051

Average Percent Growth Per EFPY 16.0% 15.2% -1.9% 14.3% 13.3%
Avg BOC Vots 0.388 0.362 0.324 0.387 0.377

Cycle 9 Avg Growth Per EFPY 0.036 0.087 0.168 0.173 0.134
Average Percent Growth Per EFPY 9.2% 24.2% 52.0% 44.7% 35.6%

=~~w~e10l Avg BOC Vofts 0.42 0.43 0.48 0.53 0.49
Cyde 10 Avg Growth Per EFPY 0.14 0.08 0.12 0.2 0.16

Average Percent Growth Per EFPY 33.2%h 19.0% 25.5% 37.5% 33.4%
Avg BOC Vts 0.423 0.437 0.379 0.514 0.467

Cyde 11 Avg Growth Per EFPY 0.131 0.103 0.131 0.233 0.181
Average Percent Growth Per EFPY 30.9% 23.5% 34.7% 45.3% 38.7%
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Table 3-7: Summary of Independent Cycle 11 Voltage Growth per EFPY

SG21 SG22 SG23 SG24 Total

Volts No. of CPDF No! of O PDF No.of 1PDF No.o Cf DF
ObL Obs. 2bL Obs.Ob

<>sO.S 2 - 0.01 O -0 0.00 0 0.00 0 0.00 2 0.00

-0.4 0 0.01 0 0.00 0 0.00 0 0.00 0 0.00

-03 0 0.01 0 0.00 0 0.00 0 0.00 0 0.00

-0.2 0 0.01 I 0.00 0 0.00 1 0.00 2 0.00

-0.1 4 0.02 6 0.03 0 0.00 4 0.01 14 0.01

0 46 0.15 56 0.23 29 0.11 71 0.08 202 0.12

0.1 170 0.64 131 0.71 116 0.57 359 0.45 776 0.54

0.2 74 0.86 39 0.85 63 0.81 258 0.71 434 0.77

03 21 0.92 24 0.94 24 0.91 III 0.83 ISO 0.87

0.4 9 0.94 4 0.96 8 0.94 48 0.88 69 0.91

0.5 10 0.97 4 0.97 5 0.96 26 0.90 45 0.93

0.6 0 0.97 2 0.98 6 0.98 22 0.93 30 0.95

0.7 1 0.98 3 0.99 0 0.98 It 1 94 1_ 095

0.8 0 0.98 0 0.99 2 0.99 7 0.94 9 0.96

0.9 2 0.98 1 0.99 0 0.99 7 0.95 10 0.96

1 0 0.98 0 0.99 0 0.99 7 0.96 7 0.97

1.1 0 0.98 0 0.99 1 0.99 6 0.97 7 0.97

1.2 1 0.99 0 0.99 0 0.99 3 0.97 4 0.97

1.3 1 0.99 0 0.99 1 1.00 6 0.97 8 0.98

IA. 1 0.99 l 1.00 0 1.00 2 0.98 4 0.98

1.5 0 0.99 0 1.00 0 1.00 5 0.98 5 0.98

1.6 1 0.99 0 1.00 0 1.00 4 0.99 5 0.99

1.7 1 1.00 I 1.00 0 1.00 1 0.99 3 0.99

1.8 0 1.00 0 1.00 0 1.00 - 2 0.99 2 099

1.9 0 1.00 0 1.00 I 1.00 2 0.99 3 0.99

2 0 1.00 0 1.00 0 1.00 I 0.99 1 0.99

>2 3 1.00 I 1.00 0 1.00 12 1.00 16 1.00

Toal 347 NA 274 NA _ NA 97 jNA I _ -
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Table 3-8: Cycle 11 Voltage Dependent Growth (BOC-11 Voltage < 0.59 Volts)

SG21 SG22 SG23 | SG24 Total

Delh Volts Ne of CPDF Ob of CPDF No. of CPDF No.o CD CPDF
- ~~Obs. Obs - Obs. Obs Obs. (1D

o 35 0.13 48 0.22 21 0.10 48 0.93 152 0.11

0.1 153 0.68 115 0.75 115 0.63 307 0.97 690 0.60

0.2 65 0.91 32 0.90 57 0.90 220 0.97 374 0.86

0.3 12 0.96 18 0.98 15 0.97 79 0.98 124 095

OA 3 0.97 2 0.99 3 0.98 24 0.99 32 0.97

0.5 8 1.00 1 1.00 3 1.00 5 1.00 17 0.98
0.6 0 1.00 1 1.00 I 1.00 8 1.00 10 0.99

0.7 0 1.00 0 1.00 0 1.00 5 1.00 5 1.00

0.8 0 1.00 0 1.00 0 1.00 3 I.00 3 1.00

0.9 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

1 0 1.00 0 1.00 0 1.00 1 I.00 1 1.00

1.1 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

1.2 1 1.00 0 1.00 0 1.00 0 1.00 I 1.00

1.3 0 1.00 0 1.00 0 1.00 I 1.00 I 1.00

1.4 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

1.5 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

1.6 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

1.7 0 1.00 0 1.00 0 1.00 1 1.00 I 1.00

1.8 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

1.9 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

2 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

2.1 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

2.2 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

23 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

2A 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

2.5 0 1.00 0 1.0O 0 1.00 0 1.00 0 1.00

2.6 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

2.7 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

2.8 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

2.9 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

3 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

11.8 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

11.9 0 1.00 0 1.00 0 1.00 0 0.00 0 1.00

12 0 1.00 0 1.00 0 1.00 0 0.00 0 1.00

>12 0 1.00 0 1.00 0 1.00 0 0.00 0 1.00

Total 277 NA 217 NA 21 NA 702 NA 1411 NA
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Table 3-9: Cycle 11 Voltage Dependent Growtth (BOC-1l Voltage from 0.60 to 1.66 Volts)

SG21 SG22 SG23 SG24 Total

Delta Volt No. | CPDF NO of CPDF No. of CPDF No. of CPDF No.oof CPDF
- ~~~Obs Obs. - Obs. - Obs. - Obs. 1D

O 17 0.25 1S 0.27 8 0.20 28 0.56 68 0.16

0.1 17 0.51 16 056 1 0.22 50 0.65 84 0.36

0.2 9 0.64 7 0.69 6 0.37 37 0.74 59 0.50

0.3 9 0.78 6 0.80 9 0.59 29 0.79 53 0.63

0.4 6 0.87 2 0.84 5 0.71 24 0.81 37 0.72

0.5 2 0.90 3 0.89 2 0.76 21 0.82 28 0.78

0.6 0 0.90 1 0.91 5 0.88 13 0.85 19 0.83

0.7 1 0.91 3 0.96 0 0.88 6 0.88 10 0.85

0.8 0 0.91 0 0.96 2 0.93 4 0.90 6 0.87

0.9 2 0.94 1 0.98 0 0.93 7 0.91 10 0.89

1 0 0.94 0 098 0 0.93 6 0.93 6 0.90

1.1 0 0.94 0 0.98 1 0.95 6 0.93 7 0.92

1.2 0 0.94 0 098 0 0.95 3 0.95 3 0.93

1.3 1 0.96 0 0.98 1 0.98 5 0.96 7 0.95

1.4 Q 0.97 1 1.00 0 0.98 1 0.96 3 0.95

1.5 0 0.97 0 1.00 0 0.98 3 0.96 3 0.96

1.6 0 0.97 0 1.00 0 0.98 3 0.97 3 0.97

1.7 1 0.99 0 1.00 0 0.98 0 0.97 1 0.97

1.8 0 0.99 0 1.00 0 0.98 2 0.97 2 0.97

1.9 0 0.99 0 1.00 1 1.00 1 0.98 2 0.98

2 0 0.99 0 1.00 0 1.00 1 0.99 1 0.98

2.1 0 0.99 0 1.00 0 1.00 0 099 0 0.98

2.2 0 0.99 0 1.00 0 1.00 3 1.00 3 0.99

2.3 1 1.00 0 1.00 0 1.00 1.00 2 0.99

2.4 0 10 0 1.00 0 1.00 I 1.00 1.00

2.5 0 1.00 0 1.00 0 1.00 1 1.00 1.0O

2.6 0 1.00 0 1.00 0 1.00 1 1.00 I .00

2.7 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

2.8 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

2.9 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

3 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

11.8 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00

11.9 0 1.00 0 1.00 0 1.00 0 0.00 0 1.00

12 0 1.00 0 1.00 0 1.00 0 0.00 0 1.00

>12 0 1.00 0 1.00 0 1.00 0 0.00 0 1.00

TotW 67 NA 55 NA 41 NA 257 NA 420 NA
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Table 3-10: Cycle 11 Voltage Dependent Growth (BOC-ll Voltage >1.66 Volts)

SG21 SG22 SG23 SG24 Total

Delta V No. of CPDF NO. I . of Os CPDF Ob CPDF CPDF
Ob. ObL ONo Os.oCD Ohs.

o o 0.00 0 0.00 0 0.00 0 035 0 0.00

0.1 0 0.00 0 0.00 0 0.00 2 035 2 0.09

0.2 0O 0.00 0.00 0 0.00 1 035 1 0.14

03 0 0.00 O 0.00 O 0.00 3 0.41 3 0.27

0.4 0 0.00 0 0.00 O 0.00 0 0.41 0 0.27

0.5 0 0.00 0 0.00 0 0.00 0 0.41 0 0.27

0.6 0 0.00 0 0.00 0 0.00 1 0.41 1 0.32

0.7 0 0.00 0 0.00 0 0.00 0 0.41 0 0.32

0.8 0 0.00 0 0.00 0 0.00 0 0.41 0 0.32

0.9 0 0.00 0 0.00 0 0.00 0 0.41 0 0.32

1 0 0.00 0 0.00 0 0.00 0 0.41 0 0.32
1.1 0 0.00 0 0.00 0 0.00 0 0.47 0 0.32

1.2 0 0.00 0 0.00 0 0.00 0 0.59 0 0.32

1.3 0 0.00 0 0.00 0 0.00 0 0.65 0 0.32

IA 0 0.00 0 0.00 0 0.00 1 0.65 1 0.36

1.5 0 0.00 0 0.00 0 0.00 2 0.65 2 0.45

1.6 1 0.33 0 0.00 0 0.00 1 0.71 2 0.55

1.7 0 0.33 1 0.50 0 0.00 0 0.71 1 0.59

1.8 0 0.33 0 0.50 0 0.00 0 0.71 0 0.59

1.9 0 0.33 0 0.50 0 0.00 1 0.76 1 0.64

2 0 0.33 0 0.50 0 0.00 0 0.76 0 0.64

2.1 0 0.33 0 0.50 0 0.00 0 0.76 0 0.64

2.2 0 0.33 050 . 0 0.00 1 0.82 1 0.68

2.3 0 0.33 0 0.50 0 0.00 0 0.82 0 0.68

2.4 0 0.33 0 0.50 0 0.00 0 0.88 0 0.68

2.5 0 0.33 0 0.50 0 0o00 I 0.88 0.73

2.6 1 0.67 0 0.50 0 0.00 0 0.88 I 0.77

2.7 0 0.67 1 1.00 0 0.00 1 0.94 2 0.86

2.8 0 0.67 0 1.00 0 0.00 0 0.94 6 0.86

2.9 1 1.00 O 1.00 O 0.00 0 1.00 I 0.91

3 O 1.00 O 1.00 0 0.00 I 1.00 1 0.95

11.8 0 1.00 0 1.00 0 0.00 0 1.00 0 0.95

11.9 0 1.00 0 1.00 0 0.00 1 0.00 1 100

12 0 O 1.00 O 1.00 0.00 0 0.00 0 1.00

>12 0 1.00 1.00 O 0 0.00 0 0.00 0 1.00

Tota1 3 NA 2 NA 0 0.00 17 NA 22 NA
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Table 3-11: Independent Voltage Growth Distributions Used for Monte Carlo Simulations

Growth Distribution Used
for SGs 2-1, 2-2, and 2-3

(All SGs Combined)

Growth Distribution Used
for SG 2-4

(SG 2-4 data on)

trowth in VolWEFP No. of Obs.

o 220
0.1 776
0.2 434
0.3 180
OA 69
0.5 45
0.6 30
0.7 15
0.8 9
0.9 10
1 7

7
1.2 4
13 8
IA 4
1.5 5
1.6 5
1.7 3
1.8 2
1.9 3
2 1

2.1 0
2.2 4
2.3 2
2.4 1
2.5 2
2.6 2
2.7 2
2.8 0
2.9 1
3 1

11.8 0
11.9 1
12 0

>12 0
__ _

Total 1853

Growth in No. of Obs.
Valts/EFPY

0 76
0.1 359
0.2 258
0.3 111
OA 48
0.5 26
0.6 22
0.7 11
0.8 7
0.9 7
1 7

1.1 6
1.2 3
1.3 6
IA 2
1.5 5
1.6 4
1.7 1
1.8 2
1.9 2
2 1

2.1 0
2.2 4
2.3 1
2.4 1
2.5 2
2.6 1
2.7 1
2.8 0
2.9 0
3 1

11.8 0
11.9 1
12 0

>12 0

Total 976

If
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Table 3-12: VDG Distributions Used for Monte Carlo Simulations

Growth Distributions Used
for SGs 2-1, 2-2, and 2-3

(All SGs combined)

Growth Distributions Used for SG 2-4
(Upper Bin Includes I Cycle 11 data point from SG 2-1

and 3 Cycle 10 data Doints from SG 2-4)
Growth In BOC Voltage

Volts/EFPY <0W59V 0.59V to 1.66V* >1.66V

O 152 68 0
0.1 690 76 2
0.2 374 62 1
0.3 124 41 3
0.4 32 39 0
0.5 17 28 0
0.6 10 23 1
0.7 5 16 0
0.8 3 7 0
0.9 0 5 0
1 1 9 0

1.1 0 6 O0
1.2 1 7 0
1.3 1 3 0
1A 0 3 1
1.5 0 6 2
1.6 0 2 2
1.7 1 5 1
1.8 0 0 0
1.9 O 11.9 0 1 1
2 0 2 0

2.1 0 2 0
2.2 0 1 1
2.3 0 0 0
2.4 O 3 0
2.5 0 1 1
2.6 0 2 1
2.7 0 0 2
2.8 0 2 0
2.9 0 0 1
3 0 0 I

11.8 0 0 0
11.9 0 0 O
12 0 0 0

>12 _ 0 0 0
Total 1411 420 22

Growth in BOC Voltage
Volts/EmFY < O-9V 0.59V to 1.66V* >1.66V

0 48 28 0
0.1 307 44 2
0.2 220 39 1
0.3 79 23 3
0.4 24 22 0
0.5 5 23 0
0.6 8 14 1
0.7 5 12 0
0.8 3 5 1
0.9 0 3 0
1 1 6 0

1.1 0 6 0
1.2 0 6 0
1.3 1 3 0
1.4 0 1 1
1.5 0 5 2
1.6 0 1 1
1.7 1 5 1
1.8 0 0 1
1.9 0 0 1
2 0 2 0

2.1 0 1 0
2.2 0 1 1
2.3 0 0 0
2.4 0 3 0
2.5 0 0 I
2.6 0 2 O
2.7 0 0 1
2.8 0 2 0
2.9 O 0 1
3 0 0 1

11.8 0 0 0
11.9 0 0 1
12 0 0 0

>12 0 0 0

Total 702 257 21
I6_ .4 - ._.M.__-

- incnzcis 1Un. Increae Nro kycie ii IacuMa grow u Values.
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Table 3-13: Re-tested DOSs Ž 1.5 Volts that Failed the Probe Wear Check

SG Row ColJ Ind Elev Vot Probe Cal[o. | ARCOut2R11 | %Dlff

21 7 33 ERSS 1H 720RF 12 yes 12.0%/
7 33 OS IH 4A 720RF 27 _

17 28 lSS IH 1.56 7201RF 11 Yes 9.1%
17 28 DOS IN IA3 720RF 27 =

24 S2 RSS IN 1.53 720RF 11 Yes -10.0%e
24 52 DOS IH 1.7 720RF 27
27 33 RSS IH 2.96 72aRF 12 Yes 4.6%
27 33 DOS 11 2.83 720RF 34 _
31 S1 RSS IH 6.76 720RF S Yes 3.4%

3 1 S1 DOS IH 654 720RF 27
36 41 RSS 2H 2A1 720RF 17 YWs 6.2%
36 41 DOS 2H 2.27 720RF 34

22 13 72 RSS 2H 3.65 720RF 13 Yes 6.7%
13 72 DOS 2H 3.42 72ORF 41
14 75 RSS IH 2A2 720RF 13 Yes -08%
14 75 DOS IH 2A4 72RF0 41 =

18 84 RSS 1H 1.58 720RF 14 Yes -9.2%
18 84 DOS HI 1.74 720ERF 41
19 St USS 2H 221 720RF 14 Yes 7.9%

19 St DOS 2H 2A 720RF 41 _

22 67 RSS 2H 4A5 720RF 12 Yes -2.8%
22 67 DOS 21 4.58 720SR _ 41
38 40 S.S I 8 585 72CRF 7 Yes -7.3%
38 40 DOS 1H 631 72oRF 41 _

23 9 23 RSS IH 4.03 720FF 9 Yes -0.20%
9 23 IDOS IH 4.04 720RP 34
28 24 USS 21 2.67 72oRF 15 Yes -12.5%
28 24 DOS 2H 3.05 72oRF 34

24 II 7 FUS I1 1.53 72oRF 13 Yus -13.1%
11 7 RSS I1 1.72 720RF 26 Yes -2.3%
11 7 DOS IH 1.76 720RF 33
11 64 US 1N 1.77 72ORF 14 YU 733%
11 64 ISS 1H 16s 720RF 26 Yes 00.P/

64 rDOS I IH 1.65 72DRF 33
14 58 RSS 2H 1.69 720RF 14 Yes 15.0%A
14 58 US 2H 1.43 720RF 26 Yes -2.70A
14 58 DOS 2H 147 720RF 33
16 55 RSS 21H 3.63 720RF 14 Yes 17.1%
16 55 RSS 2H 3.07 720RF 26 Yes -1.0W
16 55 DOS 2H 3.1 720BF 36
16 61 RSS 2H 1.74 72ORF 14 Yes 15.2%
16 61 RSS 2H 1.52 720RF 26 Yes 0.7/
16 61 DOS 211 1.51 720EF 33
Is 52 RSS IH 2.59 720RF 14 Yes -7.8%
18 52 RSS IH 2.72 720RF 26 Yes -322%
18 52 DOs 1H 2.81 720EF 33
20 64 RSS 1H 1.99 720RF 14 Yes -7.9%/0

20 64 RSS I H 2.16 720RF 26 Yes 0.0%/e
20 64 DOS I1 2.16 720RP 33
24 64 US 4H 1ii 720RP 14 Yes 5.8%
24 64 RSS 4H 1.63 720R F 26 Yes -4.7%
24 64 DOS 4H 1.71 720RF 36 H

I

i
i
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Table 3-14: New 2R11 DOSs >-0.5 Volts In Tubes Inspected With A Worn Probe In 2R10

SG Row Co| Ind E|ev Volts | Cal New? |ARC1Ot ARC Out1=1 ~~ Li_ II_ ARC11 Out ARCOu

21 17 10 DOS IH 1.04 HC-4 New Out
46 54 DOS 1H 0.86 CC-4 New Out

1 40 DOS 4C 0.78 CC-22 New Yes Out

30 54 DOS IH 0.73 CC-3 New Yes Out

14 77 DOS IH 0.66 CC-27 New .o_._ Out
1 33 DOS 40 0.64 CC-22 New Yes out

17 88 DOS 2H 0.63 CC-8 New Yes out

- 15 80 DOS 3H 0.53 CC-B New Yes out

2 26 DOS 5H 0.53 HC-1 I New Yes Out

22 20 55 DOS IH 1.04 CC-14 New Yes out

5 61 DOS IH 0.83 |HC-10 New Yes out

28 21 DOS 1HI 0.64 CC-6 New Out

27 12 DOS 1H 0.64 CC-6 New Out

26 17 DOS 2H 0.54 CC-5 New Out

23 5 77 DOS 1H 1.28 HC-15 New Yes Out

_ 10 65 DOS 1H 1.14 CC-6 New out

5 66 DOS 3H 0.8 HC-15 New Yes Out

24 45 DOS 1H 0.7 HC-5 New __ Out

5 59 DOS 1H 0.62 HC-15 New Yes Out

_17 59 DOS 2H 0.59 CC-6 New ___ Out
3 49 DOS 1H 0.58 HC-13 New Out

5 87 DOS 2H 0.55 HC;15 New Yes Out

3 7 DOS 3H 0.53 HC-12 New Out

22 42 DOS 2H 0.51 HC-5 New Out
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Table 3-14: (cont'd)

11Rw o Ind EleY vot al Nw ARC Out ARC Out
I~~w ojNw 21R11 I1RIO

24 B 68 DOS 1H 1.28 CC4l8 New ____out

28 78 DOS 2H 1.16 CC-26 New yes out
28 78 DOS 2H- 0.93 CC-26 New yes Out
V__ 1 35 DOS IH 0.92 HC-4 New ______ Out

37 33 DOS 2H 0.9 CC-I I New Out

7 68 DOS I H 0.88 CC-17 New Out

38 38 DOS 2H 0.86 CC-12 New Out

___31 31 DOS 2H 0.83 CC-9 New Out
___18 70 DOS 2H 0.82 CC-16 New ____out

___19 40 DOS IH 0.81 HC-3 New out
9 61 DOS IH 0.8 CC-17 New _____ Out

14 87 DOS IH 0.79 CC-14 New Yes out

23 73 DOS 3H 0.79 CC-I6 New out

B 74 DOS 2H 0.79 CC-I8 New out
__ 18 67 DOS IH 0.78 CC-14 New Yes __ Out

- 23 40 DOS 3H 0.78 HC-3 New out

32 43 DOS 2H 0.78 cc-II New _____ out

38 32 DOS- 2H 0.77 CC-8 New out
6 38 DOS IH 0.76 HC-18 New out

5 67 DOS 2H 0.76 HC,27 New _____- out

- 38 67 DOS 3H 0.74 CC-3 New ______ Out

___21 72 DOS 2H 0.74 CC-15 New out

2 40 DOS 1H 0.71 NC-IS New out
___17 69 DOS IH 0.7 CC-13 New _____ out

28 30 DOS IH 0.7 CC-8 New ____ out

-~4 66 DOS IN 0.68 HC-28 New Out

__ 26 II1 DOS 3H 0.68 CC-8 New ____Out

6 62 DOS IH 0.67 cc-iB New ______ Out

16 39 DOS IN 0.67 HC-4 New _____ Out

__ 19 29 DOS 2H 0.67 HC-7 Now out

25 42 DOS 2H 0.67 HC-3 New out
8 72 DOS 3H 0.66 CCI New Out

-~26 42 DOS 2K 0.66 CC-Il New _____ out

38 28 DOS 1IN 0.68 CC-9 New _____ out

26 31 DOS- IH 0.68 CC-S New out

? 65 DOS 3H 0.65 CC-I? New out

38 45 DOS 2H 0.65 CC-iI New __ _ Ou~t

37 23 DOS 2H 0.65 CC-9 New Out

35 69 DOS 211 0.4 OC-4 New _ _Out

66 DOS 2H 0.63 CC-18 New __u__

41 61 DOS 3H 0.62 CC-3 New ___out

34 68 DOS 2H 0.62 CC-3 New ____ out

37 29 DOS 2H 0.62 CC-9 New ______ Out

___1 72 DOS 2H 0.61 CC-15 New _____ out

- 26 ~~39 DO H 0.61 cc-Il New _ __ out
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Table 3-14: (cont'd)

SG Row Cot Indj Elev Volts Cot New? AR1 RC Ou

24 22 33~ DOS I H 0.6 HGS Nwout~
- 27 72 DOS 2H 0.6 CC-4 New ____out

38 25 DOS I H 0.59 00-8 New out
28 77 DOS 3H 0.59 CC-26 New Yes out
22 65 DOS 2H 0.59 CC-14 New Yes out
26 74 1DOS 3H 0569 CC- New out
1 5 24 DOS 2H 0.58 HC-7 New _____ Out

2 40 DOS 2H 0.58 HC-18 New- out
36 45 DOS 2H 0.57 CC-Il New _____out

- 8 67 DOS 1H 0.57 cc-is New out
II1 72 DOS 1H 0.56 CC-iS New ___out

9 61 DOS 2H 0.66 00-17 New Out
__ 31 71 DOS 2H 0.56 CC-4 New ____out

8 72 DOS 2H 0.55 cc-is New ____out

-- 35 40 DOS 3H 0.55 CC-12 New _____ out

41- 61 DOS 4K 0.65 CC-3 New _____ out

38 38 DOS 1H 0.55 CC-12 New out
36 35 DOS 2H 0.54 CC-12 New ____ out

a 26 DOS 1H 0.54 HC-16 New out
- 18 61 DOS 3H 0.54 CC-14 New Yes out
- 3 30 DOS 2H 0.53 HC-20 New Yes out
- 26 65 DOS 1H 0.53 CC-3 New out
-- 23 63 DOS 3H 0.53 CC-13 New out
- 14 72 DOS 2H 0.53 CC-16 New _____ out

-- 8 62 DOS 2H 0.53 cc-is New out
26 34 DOS 1H 0.52 CC-12 New out

- 27 77 DOS 3H 0.52 CC-26 New Yes out
19 35 DOS 2H 0.52 HC-4 New out

* 27 33 DOS 1H 0.52 CC-1Il New out
-. 25 43 DOS I H 0.51 HC-3 New out

-~~ 44 -4 DOS 1H 0.51 cc-II New ___ out

37 67 DOS 3H 0.5 CC-4 New out
14 66 DOS 3H 0.5 CC-14 New Yes __out

-~22 37 DOS 4K 0.5 HC-4 New out
___24 74 DOS 3H 0.5 CC-16 New ______ Out

___25 31 DOS 1H 0.5 CC-26 New Yes out
17 39 DOS 2K 0.5 HC-3 New out
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Table 3-15: Summary of New DOS Indications Sorted by Category

New2Rll New2R1l New 2R1
2R11 DOSs New 2R}I Ind. In Ind. In New 2R11 IndV 0.5

In Active Not Tubes Insp. Tubes Insp. vots w/SG Tubes Detected In w/worn w/ Good volts Worn

(Total) 2R10 Probe In Probe In o Probe In
21110 21110 2R10

2-1 350 187 49 138 41 9
2-2 275 160 21 139 47 5
2-3 263 172 46 126 46 10
2-4 976 490 220 270 183 82

Total 1864 1009 336 673 317 106

Table 3-16: Summary of ARC Out Tube Inspections In 21110

#ARC Out #ARC In
Tubes Tubes Total # of

SG (2R10) (2110) Inspections
2-1 1230 2335 3565
2-2 866 2680 3546
2-3 844 2669 3513
2-4 1415 2107 3522

4355 9791 14146

j
,. ..
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Table 3-17: NDE Uncertainty Distributions

Analyst Uncertaintv

Percent Cumnuative
Wariatlon Pmbabflitr

-40.0% 0.00005
-38.0% 0.00011
.35.0% 0.00024

34.0% 0.00048
42.0% 0.00095
-30.0% 0.00179
-28.0% 0.00328
-26.0% 0.00580
-24.0% 0.00990
-22.0% 0.01634
-20.0% 0.02608
-t8.0% 0.04027
16.0% 0.06016
-14.0% 0.08704
-12.0% 0.12200
.10.0% 0.16581
4.0% 0.21867
-6.0% 028011
-4.0% 0.34888

-0Z% 0.42302
0.0% 060000
2.0% 0.57698
4.0(% 0.65112
6.0% 0.71989
8.0% 0.78133

10.0% O.U419
12.0% 0.87800
14.0% 0.91296
16.0% 0.93984
1&0% 0.95973
20.0% 0.97392
22.0% 098356
24.0% 039010
26.0% 0.99420
28.0% 0.99672
30.0% 0.69821
32.0% 0.9905
34.0% 0Q9992
36.0% 0.99976
38.0% 0.99989
400% O.O9995

Sid Deviation * 10.3%
Mean a 0.0%

No Cutoff

Acquisition Uncertainty

Percent Cumuative
Variatlon Probabllty
<.15.0% 0.00000
.15.0% 0.01606
-14.0% 0.02275
.-130% 0.03165
-1±0% 0.04324
-11.0%A .058W4
-10.0% 0.07856
-9.0% 0.09927
-8.0% 0.12655
-7.0% 0.15866
-6.0% 0.19588
-5.0% 0.23753
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Figure 3-1: As-Found Voltage Distributions SGs 2-1 and 2-2
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Figure 3-2: As-Found Voltage Distributions SGs 2-3 and 2-4
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Figure 3-3: 21111 Repaired Voltage Distributions SGs 2-1 and 2-2
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Figure 3-4: 2R11 Repaired Voltage Distributions SGs 2-3 and 24

Repaired Tube Voltage Distributions
6G23 & G624

25

20

10

6-

I

I

s4 ;4 . ; 71 ;J N j i;- n; vf -W ZrIe

Bobbin Vohs

*SO23 06S24

Z - - 9; V- A tW



86-5029429-00
Page 39 of 117

Figure 3-5: Indications RTS Voltage Distributions SGs 2-1 and 2-2
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Figure 3-6: Indications RTS Voltage Distributions SGs 2-3 and 2-4
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Figure 3-7: 2R11 DOS vs. TSP Elevation
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Figure 3-8: Cycle 11 Growth Distributions SGs 2-1 and 2-2
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FIgure 3-9: Cycle 11 Growth Distributions SGs 2-3 and 2-4
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Figure 3-10: SG 2-1 Cycle 11 Growth vs. BOC Voltage
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Figure 3-12: SG 2-3 Cycle 11 Growth vs. BOC Voltage
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Figure 3-13: SG 2-4 Cycle 11 Growth vs. BOC Voltage (Does not Include R44C45)
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Figure 3-14: Comparison of R44C45 VDG to Remaining SG 24 Population
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Figure 3-1S: SG 2-1 Cydes 10 and 11 Growth& vs. BOC Voltage a
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Figure 3-17: SG 2-3 Cycles 10 and 11 Growth vs. BOC Voltage
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Figure 3-19: Cycle 11 VDG Breakpoint Analysis Results
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Figure 3-20: Cycle 10 VDG Breakpoint Analysis Results
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Figure 3-21: Final VDG Breakpoint Analysis Determination
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F~gure 3-22: Cyde 11 VDG Curves All SGs
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Figure 3-23: SG 2-1 Cycle 11 VDG Curves

Voltage Dependent Growth Curves
DCPP2 SG21 Cycle 11

Volt~ag Srawth Per EFPY

Figure 3-24: SG 2-2 Cycle 11 VDG Curves

Voltage Dependent Growth Curves
DCPP2 SG22 Cyce 11

Von*"g GmWth Per EPPY

i



86-5029429O0
Page 52 of 117

Figure 3-25: SG 2-3 Cycle 11 VDG Curves
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Figure 3-26: SG 24 Cycle 11 VDG Curves
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Figure 3-27 SG 2-4 Cycle 11 VDG vs. Independent Growth
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Figure 3-28: Cycle 10 VDG Curves ARl SGs
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Figure 3-29: Historical Change in Growth and BOC Voltage All SGs

Change In Average Growth
DCPP-2 All SGs

0.3 0.6

0.25 -0.5

LL 0.2 0.4

IL

2 0.15 / 0.3

-- +-Growth/EFPY 0.2
ko.1

-/|_ Mg BOC Volts

0.05 0.1

0 0
Cycle 8 Cycle 9 Cycle 10 Cycle 11

.

. _ |



86-5029429-00
Page 56 of 117

Figure 3-30: Cycle 10 Independent Growth Curves All SGs
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Figure 3-31: Cycle 11 Independent Growth Curves AU SGs
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Figure 3-32: 2RI1 Probe Wear Voltage Comparison

Probe Wear Voftige Compurlson

e

rage ChrigUe am VA
7 MM Probe Voltege to the

Good Probe VIaftge is J -x*oGm0-

M.0 Vbftg: MaXIM UM-733
6 CaigCeng ie 40.63 VaOR_

Mlrdmum Charge Is 0.4/
Vbfts

X 1 3 ~ ~ ~ ~ ~ ~ ~ ~

2

t

o
0 1 2 3 4 7 6 7

Balbine lb fw Plrbe)

* Fied Dt-Lier Fied Dez)|

Figure 3-33: Bobbin Voltage Uncertainty Distributions
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4.0 Cause Assessment of Growth Rate Experienced by R44C45 2H

Tube R44C45 in SG 2-4 was found to have a bobbin voltage indication at 2H of 21.5 volts at
2R11. The bobbin voltage for this indication was 2.0 volts at 2R10, which permitted the
indication to be left in service under the voltage based ARC. The corresponding Plus Point volts
for the indication are 12.2 volts at 2R11 and 2.97 volts at 2R10. The intent of this section is to
assess the causative fictors for the large voltage growth rate found for R44C45. In particular,
this section assesses whether the causative factor is associated with a large increase in the
corrosion rate as associated with growth in depth or due to a characteristic of voltage response to
a throughwall indication with a modest growth in depth.

4.1 Voltage Dependence on Depth and Length for Axil ODSCC

Crack voltages increase exponentially with crack depth as based on theoretical models
representing the diffision of the electro-magnetic wave into the metal or empirical assessments
of NDE data. Figure 4-1 shows the increase in bobbin voltage as a fiuction of destructive
examination maximum depth for the ARC database. An exponential provides a good fit to the
data. There is significant scatter in the data as the bobbin coil responds to multiple indications
around the tube as well as the dominant or maximum depth indication. Parallel macrocracks,
multiple initial sites and cellular corrosion increase the bobbin voltage over that of the dominant
single crack and contribute to the scatter in Figure 4-1. The principal conclusion for this
assessment is that bobbin voltage increases rapidly as the crack depth approaches a throughwall
indication.

A theoretical model for the dependence of bobbin voltage on throughwall length is not available.
It may be expected to have a dependence approximating length squared with an asymptotic limit
at a multiple of the coil field length. Data for throughwall EDM notches in the ARC database
report, NP-7480-4, indicate saturation of bobbin voltage responses at about the TSP thickness.
Thus, for throughwall lengths less than the TSP thickness, it is reasonable to assess the voltage
dependence on length as either a length squared or an exponential dependence. Figure 4-2 shows
an exponential fit to the ARC database data for bobbin voltage as a function of throughwall
length. The exponential fit provides a reasonable fit for the throughwall length dependence. The
principal conclusion for this assessment is that bobbin voltage increases approximately
exponentially with throughwall length. Throughwall lengths for %-inch tubing in the range of
0.40 to 0.45 inch can be expected to have bobbin voltages near 20 volts as found for R44C45.
Bobbin voltages for corresponding throughwall lengths in A4-inch tube would be slightly lower as
indicated by Figure 4-2.

4.2 Crack Depth Profies for ROSC at2R1O and 2RII

For this assessment, it is necessary to estimate the R44C45 crack sizes at 2R10 and 2R1 I as well
as to develop crack growth rates as a function of depth for the DCPP SGs during Cycle 11. This
assessment requires reasonable confidence in the NDE sizing methods. For the DCPP data, NDE
sizing is based on an amplitude sizing correlation developed fm axial ODSCC corrosion data
and applying Plus Point voltages as a function of depth. The acceptability of the sizing methods
are demonstrated by comparing the NDE sizing results with the 2R1 I DCPP-2 pulled tube
destructive exam profiles for R44C45 and R35C57.

I
I
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4.241 JDESizingMethods

The Plus Point amplitude sizing correlation applied is based on an exponential dependence
approximating zero volts near zero percent depth and 2.75 Plus Point volts for 1000h depth. This
correlation is applied to the Plus Point sizing analyses for voltage versus axial position
performed during the 2R1 I outage.

42.2 CrackDepthProfiesforR45C45at2R10and2R}11

Plus Point data are available for R44C45 at the 2R10 and 2R1 1 inspections. The results of the
sizing analyses are shown in Figure 4-3. At 2R10, the indication was near throughwall or just
throughwall. The indication then grew to a throughwaU length near 0.4 inch based on the NDE
sizing results. Based on the exponential dependence of bobbin voltage on depth and throughwall
length described in Section 4.1, the bobbin voltage would have been expected to increase from
the 2 volts at 2R10 to near 20 volts based on the estimated throughwall length shown in Figure 4-
3. This estimate for voltage growth based on the NDE throughwall length of Figure 4-3 and
voltage dependence on length of Figure 4-2 is consistent with the actual bobbin voltage growth
from 2.0 to 21.5 bobbin volts.

4.2.3 ComparIsons of ADE andDestructiveExam Depth Profies

Comparisons of the NDE sizing and pulled tube destructive exam (DE) depth profiles are shown
in Figures 4-4 to 4-6. Figure 4-4 shows the comparison of NDE with DE for the partial depth
second crack in R44C45. The DE data are shown for the as-measured depth profile and for the
profile obtained as a running average over a 0.1-inch length The running average is
recommended in Appendix H of the EPRI inspection guidelines for correlating NDE with
maximum crack depth. The NDE results are in good agreement with the DE maximum depth
and moderately overestimate the total crack length average depth (54% vs 47% by DE). This
good agreement for a partial depth crack provides support to sizing R44C45 at 2RlO and for
developing growth rates in depth from the NDE profiles.

Figures 4-5 and 4-6 compare the NDE and DE sizing results for the throughwall indications in
R44C45 and R35C57. The NDE results provide a very good estimate of the DE throughwall
length for R44C45. The throughwall length from the R44C45 destructive meam is comprised of
the macrocrack throughwall length of 0.374 inch and a second microcrack of 0.056 inch length
that was throughwall on the ID of the tube. The second crack was offset from the main
macrocrack by an unconroded ligament about 0.025 inch wide that did not tear up to SLB
conditions as shown by oxidation of the crack after the SLB leak testing and the presence of a
non-oxidized torn ligament after the burst test. Thus the second crack did not contribute to
leakage at SLB conditions, but did contribute to the burst pressure determination as indicated by
its presence on the burst crack ace. Very few uncorroded ligaments were found within the
throughwall length of R44C45. The throughwall length of R44C45 is consistent with the 21.5
bobbin volts reported for this indication.

Based on the NDE based depth at 2R10, as supported by the NDE versus DE comparisons above,
it can be concluded that the R44C45 indication grew from a near or short throughwall indication
at 2R10 to a relatively long throughwall length of about 0.43 inch (0.374 plus 0.056 inch) at
2R11. The end of cycle 21.5 volts for the indication is consistent with that expected for this
throughwall length based on Figure 4-2.
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The R35C57 indication was found to have bobbin and Plus Point responses of 5.09 and 4.08
volts at 2R1 1. The NDE and destructive exam profiles for this indication are shown in Figure 4-
6. The DE tbroughwall length of 0.217 inch is in reasonable agreement with the NDE length of
0.11 inch. The results of Figure 4-6 fiuther support the adequacy of the NDE sizing methods for
the evaluations of this report

4.3 DCPP-2 Crack Growth In Depth

4.3.1 AnaysisMethodsforDepth Grot Analyses

Growth rates in depth were obtained from 73 indications having Plus Point inspections at both
2R10 and 2R 1I. The amplitude sizing methods described above were applied to the Plus Point
indications to obtain depth profiles for each cycle. Growth rates in average depth were obtained
using the profiles for the burst effective lengths and for the total crack length. The burst
effective lengths and average depths were obtained using the Westinghouse burst pressure
correlation firm the PG&E PWSCC ARC to search the profile for the partial length having the
lowest burst pressure.

4.3.2 DCPP-2 Cycle 11 Crack Growth Rates

The Cycle 11 burst effective and total length average depth growth rates are shown as a
cumulative probability distribution in Figure 4-7. The DCPP-2 growth distributions are
compared in the figure with data from other plants for axial ODSCC growth at TSP intersections
and at freespan locations. Although the largest average depth growth rate of 12% was obtained
for R44C45, the DCPP-2 Cycle 11 growth rates are small compared to other plants that had large
growth in depth. It is concluded that R44C45 and other Cycle 11 indications did not have high
corrosion rates such as associated with a large growth rate in depth. A large corrosion rate was
not the causative factor for the large voltage increase found for R44C45.

4.4 Causative Factor Conclusions

The amplitude sizing methods applied for the DCPP-2 axial ODSCC indications yield reasonable
sizing results as shown by the comparisons with the R44C45 and R35C57 pulled tube depth
profiles. The sizing methods yield good agreement on maximun depth and throughwall length
although moderately overestimating average depths. Consequently, the amplitude sizing
methods can be used to adequately assess the depth profiles for R44C45 at the 2R10 and at 2R1 I
inspections as well as to develop growth rates in depth for Cycle 11. The Cycle II average
depth growth rate for R44C45 was about 12% per EFPY, which is much less than the 25% to
35% growth rate found for plants with large corrosion growth rates. Based on these evaluations,
it is concluded that a large corrosion growth rate in depth was not the contributing factor to the
large R44C45 voltage increase over Cycle 11 from 2.0 to 21.5 volts. The R44C45 indication
was near throughwall or slightly throughwall at 2R1I0 and grew to a throughwall length at 2Rl1I
of 0.39 inch by NDE sizing and 0.43 inch by destructive examination. As shown by the ODSCC
ARC database, voltage increases exponentially with depth to a throughwall indication and again
exponentially with throughwall length. A bobbin voltage of about 20 volts is typical of the
voltage expected for a throughwall length in the range of 0.40 to 0.45 inch.
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It is therefore concluded that the large R44C45 bobbin voltage growth over Cycle 11 from 2.0 to
21.5 volts is dominated by the exponential dependence of voltage on throughwail length, while
associated with modest corrosion induced growth in depth that contributes to the increase in
throughwall length from incipient throughwall to about a 0.43 inch throughwall indication at
2R 1.
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Figure 4-1: Bobbin Voltage vs DE Max Depth
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Figure 4-3: 2R10 vs. 2R11 Plus Point Amplitude Sizing of R44C45 Crack 1
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Figure 4-5: 2R11 Plus Point Sizing of R44C45 Crack I vs. DE Profile
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Figure 4-7: Cycle 11 DCPP-2 Average Depth Growth of TSP Axial ODSCC vs. Other
Plant Data
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5.0 Database and Methods Applied for Leak and Burst Correlations

Per GL 95-05, the databases used to perform the tube integrity evaluations should be the latest
NRC approved industry database. For the as-found Diablo Canyon 2R11 analysis, the updated
database coefficients from Ref 8 were used. These contain the latest industry databases for
ODSCC ARC Applications (GL 95-05).

During 2R1II, sections of two tubes were removed from SG 2-4 (R44C45 and R35C57). These
two tubes contained confirmed ODSCC indications at 2H that were selected to be leak and burst
tested in order to be added to the Ref 8 databases. Detailed results of the DE testing and results
are documented in Ref. 21 and will also be submitted to the NRC. For the operational
assessments performed for Cycle 12, the modified database parameters that were transmitted to
DCPP via Ref 20 were utilized in the Monte Carlo simulations.

S.1 Summary ofDestructve Examidhon Resultsfor Database Corelations

The two tubes removed fiom DCPP-2 were sent to Lynchburg for destructive examination and
laboratory testing. Room temperature leak rate tests were performed on both flawed
intersections with FANP in-situ pressure testing equipment. Room temperature testing was
performed because of the relative potential for large leak rates from tube R44C45, 21.5-volt flaw
to exceed the hot leak temperate system capacity. In order to evaluate ligament tearing at SLB
conditions, the leak test was terminated at SLB differential pressure, the crack faces were then
oxidized, and then the test was resumed for room tempeture burst testing Free span areas were
also burst to obtain material properties for both tubes. Ref. 21 contains the detailed results of all
tests performed on the samples.

Table 5-1 summarizes the results of the NDE performed on the two areas of interest in the pulled
tube specimens. Tables 5-3, 5-4 and 5-5 provide the updated conrelation data tables for burst;
probability of leak, and leak rate. The other TSP intersections (11) from these tubes were NDD
in both field and lab NDE tests performed. The detailed results of the testing performed on these
intersections are contained in Ref 21.

Table 5-1: Bobbin and Plus Point Eddy Current Inspection Results Summary

Bobbin Data
Lnial Exam Post Tube Pull In Lab

Tube Sample I ntloolnSG Call 7 Volt Phase Cal Vanols Phase Call Volts Phase

R44C45 02H + 0.14" DOS 21.5 54 DOS 32.31 53 93% 35.73 | 51

R35C57 02H + 00 DOS 5.C9 60 DOS 7.18 56 91% 7.75 | 55
R35C57 02H+0.OT' DOS 5.09 ~ ~~ DNT 8 976 188 DNT 9.40 18

_______ ___ __ Plus Point Data

02H + 0.04" SAI 12.12 38 SAI 17.37 36 SAI 98% TW 15.58 39

R44C45 02-0 .9 9 SAI 0.27 95 W 028 98

R35C57 02H + 0,03" SAT 4.01 53 SAI 5.08 53 S 202° 5.00 54 I
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The results of the leak and burst testing are listed in Table 5-2 below. Based on the evaluation of
the leak and burst results and their ultimate inclusion in the Ref. 8 database (see comparisons in
Table 5-3, 5-4, 5-5), the pulled tubes from 2R11 were prototypical of those contained in the
database and justify e use of the voltage-based ARC for DCPP Unit 2. The detailed evaluation
of the pulled tubes on the ODSCC ARC database is submitted by PG&E as a separate attachment
to the 90 day report.

Table 5-2: Analysis Properties of the DCPP 2 Pulled Tube
Sections for Inclusion In the ODSCC ARC Database Correlation

Notes:
1. Locations with amplitude of NDD are included for information only.
2. The value of Sy+S. is rounded to one decimal place for use in the regression analyses. The

mill test reported (CMTR) values were 152 and 150 ksi respectively.
3. Leak rates were measured at room temperature and adjusted to accident conditions.

5.2 Conditional Probabty of Bust

For the case of the burst pressure verss voltage correlation, the Addendum 5 database contained
in Ref. 8, as modified by the addition of the DCPP pulled tubes meets all GL 95-05 requirements
and was used in the calculations for EOC-12 projections. As-found calculations were performed
utilizing only the Addendum S database. Material properties were also considered as part of the
calculations and were obtained from Ref. 6. FANP computer simulation was utilized to compute
as-found POE at the end of Cycle 11, as well as project EOC-12 POB. These simulations follow
the statistical methods presented in Ref. 6. The Addendum 5 database and updated Addendum
5+ database tube burst correlaions are shown in Table 5-3. As identified in Note 1 of hiWs table,
the values do not exactly match those published in Addendum 5. The exact values listed in
Addendum 5 were utilized in the FANP CM analyses.

i
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Table 5-3: Effect of Diablo Canyon 2 Data on the 7/8" Tube
Burst Pressure vs. Bobbin Amplitude Correlation

PB = aO +a, log(Volts)

Parameter Addendum 5 Addendum 5+ New / Old
Database 0) Database Ratio

Intercept, a. 7.49325 7.48475 0.999

Slope, a, -2.37741 -2.39502 1.007

r 792 % 79.6 1.005

Std. Dcv., aa- 0.88616 0.88248 0.996

Mean Log(F) 0.291958 0.306657 Ij 31
SS of Log(k) 50.2333 514665
NV(data pairs) 97 991~l4U*g.."

Srutural Limit (2560 psi) 7.67 V 7.54 V 0.982

Strutura Limit (2405 psi) (2) 9.62 V 9.45 V 0.984

p Value for a, 3* 1.910 1.4*1 0 '3S 0.074

Reference of 68.78 ksi(4 ) e z l ,

otes: The number of significant figues reported simply corresponds to the output from the
calculation code and does not represent true engineering slgticae .

(1) Slight departures from the published values in Refere 8 are due to a refinement In the
analysis to apply consistent rounding of the strength values to a single decimal place prior to
performig the regression analysis.

(2) Vales reported correspond applying a safety factor of 1.4 on the differenti pressure
associated with a postulated SLB event

(3) Numerical vahles are reported only to compare the calculated ret to a criterion value of
0.05. For such small values the relative change is statistically meaningless.

(4) lhs is the flow stress value to which all data was normalized prior to performing the
regression analysis.

I.
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5.3 Probably of Leak and Conditiond Leak Rae

Re£ 8 presents the results of the regression analysis for the voltage-dependent leak rate correlation
using the Addendum 5 leak rate database for 7/8" tubes. It should be noted that, for the 2405 psi
delta pressure, the one-sided p-value for the slope parameter in the Addendum 5 voltage dependent
leak rate correlation is 2.3% which meets the 5% threshold for an acceptable correlation specified in
Generic Letter 95-05. Additionally, when adding the DCPP-2 data to the database, the Addendum
5+ correlation is actually improved with the new p-value at 1.0%. FANP computer simulations
included the slope sampling method for the leak rate correlation agreed upon by the NRC and
Industry that is presented in Ref. 8.

The methodology used in the calculation of these parameters is consistent with NRC criteria in
Ref. 2. The Addendum 5 and Addendum 5+ POL and leak rate correlation parameters used in
the CM and OA, respectively, are shown in Tables 5-4 and 5-5, obtained from Ref. 20.

Table 54: Effect of Diablo Canyon 2 Data on the
Probability of Leak Correlation

Pr(Leak) = I

Parameter Addendum 5 Addendum 5+ New / Old
Database Database Ratio

Intercept, -5.1017 -5.0503 0.990

Slope, P2 7.3483 7.4342 1.012

Vll t° 1.3742 1.3299 0.968

V12 -1.7365 -1.7253 0.994
VU 2.6428 2.6861 1.016
DoFVZ 113 115

Deviance 30.21 31.47 1.042
Pearson SD 0.579 0.594 1.026
MSE 0.267 0.274 1.024

Notes: (1) Parameters VI are elements of the covariance
of the coefficients, Pi, of the regression equation.

(2) Degrees of freedom.

_ . .
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Table 5-5: Effect of Diablo Canyon 2 Data on the 7/8" Tubes
Leak Rate vs. Bobbin Amplitude Correlation (2405 psO

Q = +l10(Vo)]

Parameter Addndum 5 Addendum 5+ Effect
Database Value Database j Ratio

Intercept, b3 -0.534841 -0.664317 1.24

Slope, b4 0.969885 1.106101 1.14
Index of Deter., r2 14.0% 17.5% 1.25

Std. Error, eszw (b5) 0.772839 0.772757 1.00

Mean of Log(Q) 0.53539 0.55024 1.03

Std. Dcv. of Log(Q) 0.81822 0.83625 1.02

p Value for b4 2.3% 1.00h 0.42

Data Pairs, N 29 31 ._____|

Mean of Log(F) 1.10347 1.09805 _2

SS of Log(p) 2.78407 2.99300 i >

Note: The number of significant figures reported simply
corresponds to the output from the calculation code and does not
represent true engineering significance.

.
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6.0 Bobbin Voltage Distributions

The bobbin voltage distributions are listed in Tables 6-3 through 6-6. For operational
assessments, the number of bobbin voltage indications used to predict tube leak rate and burst
probability is obtained by adjusting the number of reported indications to account for non-
detected cracks that could contribute to leak or rupture under MSLB; conditions duning the next
cycle.

6.1 Probabiy ofDetection

The number of bobbin indications used to predict the tube leak rate and burst probability at EOC-
12 is obtained by adjusting the number of reported indications to account for the detection
capability of the bobbin coil. This is accomplished by using a POD factor. The calculation of the
bobbin voltage distribution is a net total number of indications returned to service, defined as:

Nwocl2 = M - hi
POD

where:
Number of bobbin indications being returned to seice for

NOC12 - the next operating cycle
Number of bobbin indications reported in he currnt

NEOCtH - zinspection

POD _ Probability ofDetection

Nmw~d . Number of bobbin indications repaired after the last cycle

The NRC generic letter MRef: 2) requires the application of a constant POD equal to 0.6 to define
the BOC distribution for the EOC voltage projections. As mentioned previously, a probability of
detection of 0.6 was applied to all indications, except the 21.5-volt indication in SG 24. A
probability of detection of 1.0 was applied to this indication based on Ret 22. A DCPP-specific
POPCD was also used in Cycle 12 OA analyses, as discussed below.

A probability of detection was not applied for the condition monitoring analysis since it
addresses the as-found conditions of the SGs.

6.2 Probablity ofPrior Cyde Detecdon

Per the Generic Letter, the beginning-of-cycle voltage distribution must be developed using a
constant POD of 0.6 as mentioned above. In reality, however, the POD has been demonstrated
to be a fimction of the bobbin voltage, and increases as the bobbin voltage increases. EPRI has
developed a voltage-dependent POD based on data from 27 inspections at plants with VA"
diameter tubing and 10 inspections at plants with 34 tubing. The latest update of the probability
of prior cycle detection (POPCD) is documented in Ref. 8. The POPCD method is described in
Electric Power Research Institute (EPRI) Topical Report NP 7480-L, Addenda I and 5, "Steam
Generator Tubing Outside Diameter Stress Corrosion Cracking at Tube Support Plates Database
for Alternate Repair Limits," dated November, 1996 and January, 2003, respectively, and the
industry has previously requested that the NRC review and approve the use of the POPCD
method.
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During 2R11, it was determined that a POPCD approach would be required for DCPP-2 Cycle
12 operation to maintain EOC-12 POB results below the GL reporting threshold of 1.0 x 10-2.
The DCPP plant-specific POPCM data was provided to the NRC in Ref. 10. Based on meetings
with NRC after 2R1 1, the format for presenting DCPP POPCD data was slightly revised from
Ref. 10 to provide a more detailed understanding of the data that contributes to its calculation.
Table 6-1 contains the data obtained during 2R1 1 (EOC.+1 ) to develop the POPCD evaluation for
only the 2R10 (EOC) inspection. Table 6-2 provides the final format of the DCPP Units 1 and 2
Composite POPCD that contains data from 5 inspections evaluated in the same manner. The
resulting log-logistic parameters for the composite POPCD are data are also provided as a
footnote to Table 6-2. Figure 6-9 contains a graph of the fitted log-logistic curve to the DCPP
composite data. The following is a summary of each type of indication that is, or is not included
in the DCPP POPCD determination that was used in the Cycle 12 calculations.

The following indications are considered to be false bobbin coil calls and are not included in the
POPCD analyses:

* Bobbin Indications reported at EOCn but found to be NDD by RPCI+Pt inspection at
EOCD or EOC.+1 . EOC. bobbin indications confirmed by RPC/+Pt at EOCn and found to be
RPC/+Pt NDD at EOC,+ 1 are not expected to occur, but are excluded from the POPCD
analyses if they did, since the Cycle.+, inspection would expect to find a larger indication if
the indication was not a false call.

* Bobbin Indications reported at EOC. but not found by the bobbin Inspection at
EOC.+1. These indications are classified as MNRs and require resolution analysis to confirm
tat an indication is not present at EOC.+1. Again, at the Cycle.+ 1 inspection it is expected

that the indication would be larger, if it was not a false call at EOCn.
* New bobbin Indications reported at EOC.+1 but found to be NDD by RPC/+Pt

Inspection at EOC3+,. RPC/+Pt NDD indications are assumed to be false bobbin calls for
POPCD applications.

When new EOC,.. indications are found by RPC/+Pt inspection but not reported as EOC,+j
bobbin indications (AONDB), the indications are included as new indications in the POPCD
analysis for EOCR, even though they may have been identified as AONDB in the previous
inspection. The bobbin voltage for EOC. may be obtained by look-up analyses or by subtracting
the average growth rate from the EOCn+ voltage obtained by identifying the flaw based on a
review of the 200 kHz data, or by applying a site-specific bobbin voltage to RPC/+Pt voltage
correlation. These indications would continue to be included as new indications in subsequent
cycles unless the indication is reported in the normal bobbin coil inspection at a cycle following
EOC.+,. Thus, the indications would be considered as undetected at a minimum of two cycles,
the EOC. and EOC.+i inspections. For the DCPP POPCD analysis, the voltages at EOCD for
EOC3 +1 AONDB indications were determined by calculating the bobbin voltage at EOC.+1 using
the DCPPP bobbin-to-Phus-point correlation and then by subtracting the average voltage growth
for the specific cycle.

If the RPCI+Pt inspection identifies more than one AONDB indication at the same TSP
intersection, the total bobbin voltage assigned to the TSP is estimated as the square root of the
sum of squares (SRSS) of the calculated/inferred bobbin voltages from the RPC/+Pt indications.
This is the standard practice for addressing these indications at DCPP. It is an approximation to
the effect on bobbin voltage of multiple indications around the tube circumference. Once the
total bobbin voltage is determined, the EOC. bobbin voltage is determined by subhtring the
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average cycle bobbin voltage growth rate. If a negative voltage results, 0.01 volts is assigned to
this indication.

Bobbin and AONDB indications found in deplugged tubes and subsequently replugged in the
same outage do not count as "Confirmed and Plugged" for EOC,. These indications are not in
the active tube population and therefore are not utilized in POPCD evaluations until returned to
service. AONDB indications detected in deplugged tubes that are returned to service are
evaluated as new indications at EOC,1+1when they are detected either by bobbin and/or RPC/+Pt
at the EOC.+i inspection. Noting that no tubes were deplugged in 2R10 at DCPP, this criteria is
not applicable to the 2R10 POPCD evaluation in Table 6-1. However, this criterion was utilized
in the Composite Table 6-2 for the EOCn inspections that included deplugging activities.

For new indications detected at EOC,+, but found to be NDD upon look-up in the EOCO data, the
EOCn volts were estimated by subtracting the average SG voltage growth rate from the EOC,+1
volts for the applicable cycle. If the resultant voltage was less than zero, the EOC, voltage was
assigned as 0.01 volts. This rationale was used for the DCPP POPCD evaluations presented in
this report.

As previously stated, the 2RI0 POPCD evaluation based on the 2Rll inspection data is
sArized in Table 6-l. The DCPP Units I and 2 composite POPCD data is sunimarized in
Table 6-2. This included data fiom five inspections at DCPP, two at Unit 2 and 3 at Unit 1. The
fitted log-logistic statistical parameters to the data in Table 6-2 were provided to DCPP via Ref
16 and were utilized in the Monte Carlo simulations for EOC-12 projections, as well as EOC-l 1
benchmarks.

6.3 Calculion of BOC-12 Volage Distributons

The first step in performing the leak rate and probability of burst calculations is to determine the
number and voltages of the indications being returned to service for the next operating cycle.
The BOC-12 distribution is calculated by dividing the as-found condition of the SG by the
probability of detection (POD), and subtracting the number of repaired tubes, as discussed in
Section 6.1. For the required analyses, the BOC-12 distributions for each SG were calculated
using the constant POD of 0.6 as required per the Generic Letter, except for the 21.5-volt flaw in
SG 2-4, which has a POD of 1.O. Tables 6-3 through 6-6 and Figures 6-1 through 6-4 summarize
the as-found distribution, repaired tuibes, and the calculated BOC-12 (POD 0.6 and 1.0 for
R44C45) distributions for SG 2-1, SG 2-2, SG 2-3, and SG 2-4 respectively. One important
point of note is that the typical 2.0-volt lower voltage repair limit was not utilized during 2R 1.
A preventive plugging was undertaken that repaired all bobbin indications >1.2 volts. The 1.2-
volt criterion was utilized to ensure that adequate measures were enacted during the outage to
maintain tube integrity at BOC-12 relative to the voltage-based ARC requirements.
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6.4 PredidedEOC-12 Vokage Distrbutions

The EOC-12 voltage distributions are obtained by applying a Monte Carlo sampling process to
the BOC-12 voltages. This process randomly assigns NDE uncertainty values and a growth
value to each of the BOC-12 indications. In the cases where DCPP POPCD was utilized, the
POD was also randomly detnmnined to calculate the BOC-12 distribution, prior to the application
of growth and uncertainty. The EOC-12 voltage distributions are then used to calculate a leak
rate and probability of tube burst. Section 3.2 provides information on the growth distributions
that were used in the analyses. Section 7 contains the details of the calculations performed for
EOC-12, as well as the populations and results.

6.5 Comparison ofPretdctedandAcuaaiEOC-1l Condtons

6.5.1 Benchmark ofPrior 90 Day Report Predicted Dishihudons

The as-found EOC-1 1 bobbin voltage distributions and the predicted distributions from the
previous 90-day report using a POD of 0.6 and a voltage independent growth for all SGs are
compared in Table 6-7. Figures 6-5 through 6-8 depict the projected population at EOC-l1 using
a POD of 0.6 and independent growth from Ref. 7, versus the as-found EOC-1 1 conditions. As
shown in Table 6-7, the number of indications was under-predicted using the 0.6 POD for all
steam generators. Figures 6-5 through 6-8 show that the under predictions generally occurred in
voltage bins less than about 0.8 volts. For bins exceeding 0.8 volts, the predictions generally
exceed the as-found voltages except for the tail of the distribution for all four SGs. SG 2-1 and
2-2 had several indications over 6 volts that were not projected at 2R10. The EOC-1 I results for
SG 24 projected there would be 8 indications at 4.6 volts. There were fourteen indications
found during 2R1 1 that exceeded 4.6 volts. The results of these comparisons demonstrate that
the voltage independent growth rate method in conjunction with the 0.6 POD was not adequate
to predict EOC-ll conditions. VDG calculations were also performed at EO-10 for SGs 2-3
and 2-4, using both POD of 0.6 and EPRI Addendum 4 POPCD. Table 6-8 compares both of the
projected distributions to the EOC-11 as-found conditions for these SGs. The projections both
under predicted the number of indications compared to the as-found conditions. The POD of 0.6
did predict a higher number of large voltage indications, however, this is expected since a much
larger faction of the repaired indications are retuned to service, compared to application of
POPCD which has a much higher POD in the high voltage ranges. The shortcoming of the 2R10
90-day report VDG+POPCD projections are attributed to the growth rate differences between the
cycles and the bins that were chosen in the analysis (one breakpoint at 1 volt based on
Addendum 4 recommendations for 50 indications in the upper voltage bin).

6.5.2 Reylsed Benchmarking Comparison

DCPP bencbmarking analyses were performed to show the adequacy of using a DCPP POPCD
distribution. As part of this benchnmarling evaluation, the EOC-1 1 leak and burst projections
were calculated using the Addendum 5 values, the revised leak rate method referred to in Section
9.5 of Addendum 5, and the lower 2405 psi SLB delta pressure. The projected EOC-1 1 leak rate
and POB in the 2RO 90 day report (Ref 7) used a SLB dP of 2560 psi and the database
correlations of Addendum 4, as well as the leak rate method of Ref. 6.
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The bencbnmarking projections were performed for DCPP EOC-1 1 using the DCPP POPCD and

a POD of 0.6. Two comparisons of as-found versus projections were performed to assess the

POPCD methods. The first method uses the Cycle 11 voltage dependent growth distribution to

separate POPCD issues from growth issues for the EOC-11 projections. The second method

uses the DCPP Cycle 10 voltage dependent growth distributions but excludes the 21.5-volt

indication from the EOC-11 condition monitoring assessment. Since pulled tube R44C45-2H

was found to have a burst pressure exceeding steam line break (SLB) accident pressure

differentials, the updated condition monitoring assessment for EOC-1I excludes this indication

from the burst probability analysis. The 21.5-volt indication in DCPP 2RII is clearly a growth

rate issue and assessments of POPCD must either include the growth rate or exclude the

indication to isolate potential POD issues fom the growth rate issue. The projected SLB leak

rate and burst probability can be compared with the results obtained using the DCPP 2RI I as-

found voltage distributions. Tables 6-9 through 6-12 contain the voltage distributions from each

benchmark compared to the as-found conditions. Table 6-13 provides the POB and leak rate

analysis results. The differences between the projected (OA analysis) and as-found (CM

analysis) probability and leak rate are included in the table and compared with the magnitude for

significant differences. Significant differences are defined as differences greater than 100% of the

reporting thresholds for burst and leakage.

The results in Table 6-13 show that the use of the DCPP POPCD results in insignificant

differences between the OA projections and the CM results, except for SG 2-4. The use of 0.6

POD results in excessively conservative projections that are about a fictor of two higher than the

CM results, as shown in Table 6-13 for SG 2-4. The fat that the 0.6 POD predictions are so

conservative would have entirely masked the increased growth rate issues for Unit 2 Cycle 11 if

the 21.5-volt indication had not occurred (predicted POB of 6.46E-03 using Cycle 10 growth

compared to CM result of 3.84E-03). For SG 2-4 using the Cycle 10 growth rates, the

differences between the OA and CM results are due to a combination of increases in growth rates

between Cycle 10 and Cycle 11, as well as the conservative treatment for NDE uncertainties in

the CM analyses for indications above two volts. As discussed in Section 3, DCPP-2 Cycle 11

growth rates are about 10 percent larger than Cycle 10 data between 0.6 and 1.6 volts with

somewhat larger increases above 1.6 volts, thus showing increased voltage-dependent growth in

the upper bin. For SG 2-4, using the Cycle 11 voltage dependent growth rates including the

21.5-volt indication in both the OA and CM analyses, there is a difference of 2.OE03 between

the calculated POPCD POB (2.38E-02), and the condition monitoring POB (2.18E-02). This

difference exceeds 10 percent of the GL POB reporting threshold of 1 .OE-02 and requires further

evaluation. The difference is principally accounted for by the application of percentage based

non-destructive examination uncertainties to indications above two volts and particularly to the

21.5-volt indication in the condition monitoring calculation. The influence of NDE uncertainties

in the CM analysis is much greater than for the OA analysis due to the larger voltage indications

in the CM analysis and to the fact that growth rates are much larger than the NDE uncertainties

in the OA analysis. It is shown in Table 6-12 that the EOC voltage distribution is conservatively

predicted using POPCD above I volt, including the prediction of a 21.5 volts indication. As seen

from the two SG 2-4 CM results, the 21.5-volt indication increases the POB by a factor of 6.2.

As noted in Note 5 of Table 6-13, a reduction of the NDE analyst variability standard deviation

from 10°/ to 5% for indications >2 volts, leads to a reduction in CM POB from 2.38E-02 to

2.23B-02, for which the difference of 1.5E-03 by itself exceeds 10h/a of the reporting threshold.

By comparing the reduced as-found calculation, 2.23E-02, to the projected value of 2.18E-02,

the difference of 5.OE-04 between the CM and OA results is then insignificant.



86-502942900
Page 77 of 117

Assessments were also performed for the ability of the POPCD method to conservatively project
the EOC-ll voltage distribution using Cycles 11 and 10 growth rates. Tables 6-10 and 6-12
provide a comparison of the projected and actual EOC-I I distributions for all four DCPP SGs,
based on POPCD and Cycle 11 voltage dependent growth with breakpoints at 0.59 and 1.66
BOC volts. All calculations used SG-specific Cycle 11 voltage dependent growth, except for the
upper bin (>1.66v) in SO 2-3, where no indications existed. The SG 2-3 calculation used a
composite growth rate from all SGs, excluding the 11.9 v/EFPY growth point from R44C45.
Table 6-12 also provides 0.6 POD EOC-I1 projections for SG 24 for comparison. The results
show conservative projections of indications above 1 volt, and project the 21.5-volt indication.
Indications less than 1 volt can be slightly under predicted with POPCD and POD=0.6, however,
these indications do not contribute significantly to tube integrity calculations. For SG 24, the
under prediction by about 25 percent of the indications less than 1 volt is compensated for tube
integrity analyses by the over prediction by about 23 percent of the number of indications greater
than 1 volt It is seen from the 0.6 POD calculation for SG 2-4 in Table 6-11 and 6-12 that the
number of indications less than 1 volt is close to a factor of 2 too low while the indications above
1 volt are over predicted by close to a factor of 2. This comparison demonsirales that POPCD
provides a more accurate voltage distribution prediction than 0.6 POD.

Similar to Tables 6-10 and 6-12, Tables 6-9 and 6-11 provide the comparison of projected and
actual EOC-l1 voltage distributions, but apply the DCPP Unit 2 Cycle 10 voltage dependent
growth distributions with break points at 0.69 and 1.17 volts. Table 6-11 also provides 0.6 POD
EOC- 1 projections for SG 2-4 for comparison. All calculations used composite SG Cycle 10
growth in each bin because of the small number of flaws that existed in the upper and middle
bins in Cycle 10. R44C45 in SG 2-4 was excluded from the as-found and projected distribution
since the benchmark was performed to evaluate the methods for projections and as-found
analyses, excluding the limitations on predicting the large fiaw. The slight over predictions
using POPCD for SGs 2-1, 2-2 and 2-3 are very reasonable above 1 volt. The indications above
2 volts in SG 24 are slightly underpredicted. This difference is due to the increase in Cycle 11
growth rates above about 0.6 volt for SG 2-4.

It is seen from the 0.6 POD calculation for SG 2-4 in Table 6-11 and 6-12 that the number of
indications less than 1 volt is under predicted by about a factor of 2, while the indications above
1 volt are over predicted by about a factor of 2 (thus masking the growth rate issue). This
comparison demonstrates that POPCD provides a more accurate voltage distribution prediction
than 0.6 POD.

Under predictions when applying POPCD are more likely to be due to growth rate uncertainties
than POPCD uncertainties as shown by the differences in projected > 2 volt EOC voltage
indications for SG 24 between use of 2R10 and 2R1 I voltage dependent growth rates. The
above benchmarking results support the adequacy of the DCPP POPCD distribution for ARC
applications. in summary, when utilizing a known growth rate (Cycle 11 with VDG at 0.59 and
1.66 v breakpoints) combined with a realistic POD (DCPP POPCD), the projected results, both
in population distribution and in POB/leak rate result, provide a realistic estimation of the
conditions of the DCPP SGs at EOC-I 1. Therefore it is reasonable to assume that this approach
will produce similar results for EOC-12 projections. As discussed in Sections 3 and 7, for
additional conservatism, the Cycle 11 growth rates in the middle VDG bin were increased by
10% when performing EOC-12 projections.
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Table 6-1: Diblo Canyon Unit 2 _ RIO POPCD from the 2R1 Inspection Results
AjI B I C ID)I ElI F I l HI I i JIi K I LIi M

Data ReportIng Rt uIrements for POPCQ Analysesr1'
EOCn Bobbin Oeteced for POPCD Anadel EOCn Bobbin Defteted Idl New EOCn+1 (detee a EOCn) M hd for NOWEOCn+1

IND° Exchdd fon POPGD POPCD An~ph Excluded POPCO Calution"'
_ _ _ _ _ _ _ ..______ .__ _ ___ ___ _ _ _ _ _ _ from POPCO

EOCn Bobbin EOCn Bobbin EOCn Bobb OCn Bobbin EOCn Ne EOCn+1 EOCn41 New EOCn'1 New EOCn+1 EOCn New
VDl~ M&d RPC Ind. Not RPC bv Defttd IOnd -, RP ND ot8bbin tndL Robbfn Ind.RPC Bobbinthd. Ind. Found Bobbi Ind Bobbin NOW POPCD for
Vons Con fimed at at & Repa INR at Confime at Not RPC One by RPC RPC NOD at ddBddo hA o for BEOCn+1 EO~n+1 EOCn EOwn+1 EOCn01 EOCn1 _n el spetieon EOCn+1 IdI

0.1 0 0 0 0 0 10 14 0 2 0 24
0.2 1 10 0 3 0 64 1E4 5 11 11 253 0.04
0.3 28 52 0 0 0 218 3 18 78 301 0.21
0.4 35 76 2 6 0 60 134 1 13 113 195 0.37
0.5 50 78 1 8 1 23 88 0 4 129 91 0.59
0.6 84 60 2 4 0 16 30 0 5 126 48 0.73
0.7 82 32 0 7 0 10 17 0 3 94 27 0.78
0.8 40 15 0 3 0 6 6 0 1 55 12 0.82
0.9 48 5 0 1 0 2 3 0 0 53 5 0.91
1 30 5 1 0 0 3 0 0 0 36 3 0.92

1.1 31 1 0 0 0 0 0 0 1 32 0 1.00
1.2 11 0 0 0 0 3 0 0 1 11 3 0.79
1.3 18 0 0 , 0 0 0 0 0 18 0 1.00
IA 16 1 0 1 0 0 0 0 0 17 0 1.00
1.3 9 0 0 0 0 0 0 0 0 9 0 1.00
1.6 7 0 0 0 0 0 0 0 0 7 0 1.00
1.7 8 0 0 0 0 0 0 0 0 8 0 1.00
1,8 5 0 0 0 0 0 0 a 0 5 0 1.00
1.9 6 0 0 0 0 0 0 0 0 e 0 1.00
2 8 0 0 0 0 0 0 0 0 8 0 1.00

2.1 0 0 0 0 0 0 0 0 0 0 0 ° °
2.2 0 0 3 0 0 0 0 0 3 0 1.00
2.3 _ 0 0 1 0 O O 0 0 O 1 0 1.00
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Table 6-1: DIablo Canvon Unit 2 2R10 POPCD from the 2R11 Inspecffon Results
-A I B_ J C I D I E IF I G ] H I I J - K I L IM I

___________________Data Reporting RequIrements for POPCD Anatses)1' _________IEOn Bobbin Deed for BOPCD AIp EOcn Bobbln Detd. INw EOC1 (ndebtctd at Eocn) indL for N wEOO
.om Excluded "m POPCD POPC. as Excluded -. ,_,___I 

1 ~~~~~~~~~~~~~~~~~~froPOPCDI

vow
EOCn Bobbin

bIn RpC
Confinned at

EOCn41

EOCn Bobbin
b.Not RPC
hi d at

EOCn41

EOtn Bobbb
bid D ed
& Repfred at

EOCn

EOn Bobbin
hi MC DD dt

EOCn41

EO~n
Bobbin Ind

twat
EOCn+I

New EOCnI1
Bobbin Ind. RPC

Confitmed at
EOCfm

Nri
EOC"wl

Bobbin Ind
NOORKC

nepect
EOCn1

New EOCr41
Ind. Found

On19"by RPC
i n -c~o

NOW EOCnII
Bobbin hd

RPC NOD at
EOCnoI

EOCn
Bobbin

Deteted
md.

New
EOCn44

ODSCC Ind.

POPCD for
Voftae Bin

2.4 A - _V V V - - - - - - -

2.5 0 0 0 0 0 0 O 0 0 0 0
2.0 0 0 1 0 0 0 O 0 0 1 0 1.00
2.7 0 0 0 0 0 0 O 0 0 0 0
2.8 0 0 2 0 0 0 0 0 0 2 0 1.00
2.9 0 0 1 0 0 0 0 0 0 1 0 1.00
3.0 0 0 0 0 0 0 0 0 0 0 0 OO
3.1 0 0 1 0 0 0 0 0 0 1 0 1.00
3.2 0 0 1 0 0 0 0 0 0 1 0 1.00
3.3 0 0 0 0 0 0 0 0 0 0
3.4 0 0 2 0 0 0 0 0 0 2 0 1.00
3.5 0 0 1 0 0 0 0 0 0 1 0 1.00
3.6 0 0 0 0 0 0 0 0 0 0 0 O
3.7 0 0 0 0 0 0 0 0 0 0 0 O
3.8 0 0 0 0 0 0 0 0 0 0 0 O
3.9 0 0 2 0 0 0 0 0 0 2 0 1.00
4.0 0 0 0 0 0 0 0 0 0 0 0 O O
4.1 0 0 1 0 0 0 0 0 0 1 0 1.00
4.2 0 0 1 0 0 0 0 0 0 1 0 1.00
4.3 0 0 0 0 0 0 0 0 0 0 0 __O

4A 0 0 2 0 0 0 0 0 0 2 0 1.00
4.5 ~0 0 0 0 0 0 0 0 0 0 0 _ _ _ _

4.6 0 0 0 0 0 0 0 0 0 0 0.
4.7 0 0 0 0 0 0 0 0 0 o 0
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Table 6-1: Diablo Canyon Unit 2 2R10 POPCD from the 2R11 Insvection Results

A I B I C I D I E I F I G I H I I J K L M

Data Reporting Re utrments for POPCD Analyse s9 )

EOCn Bobbin Detetd for POPCD Analysis EOCn Bobbin Detected hi. New EOCni4 (Undetected at EOCn) d. N ew EO I ol1 af
.MM . .. _.Excuded from PoPc POPCD Anayss Exchuded POPCD

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I _ _ _ _ _ _ _ _ _ _ I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I fro wn P O P OD _ _ _ _ _ _ _ _ _

EOCn Bobbin
bId RPC

ConWrmed at
EOCn'1

EOCn Bobbin
hid Not RPC
Iptd at

EOCnl1

EOCn Bobbin
Id. Detected
& Relaired at

EOCn

EOCn Bo"bi
Ind. RPC NDO at

E0Cn+1

EOCn
Bobbin Ind

VW ~atEo"

N9w EOCn`1
Bobbin hId. RPC

Conflhmed at
EOCn"1

New
EOCn41

Bobbin ld
Not RPC

dimpected 1
Wf%'4w,&4

New EOtrtl
Ind. Found

Onlye by RPC
hispetllon

Ne EOCn'4
Bobbin bid.
RPC NOD at

EOCn.1

EOCn
Bobbin
Detected

1id.

New
EOCnV1

ODSCC nLd.

POPCD for
VoltgeBln

I ______ 1 4 . iIiU~4 _______

4.8 0 0 0 0 0 0 0 0 0 0 0
4.9 0 0 0 0 0 0 0 0 0 0 0 ___

5.0 0 0 0 0 0 0 0 0 0 0 0
5.1 0 0 1 0 0 0 0 0 0 1 0 1.00
5.2 0 0 0 0 0 0 0 0 0 0 0
5.3 0 0 1 0 0 0 0 0 0 1 0 1.00
5A 0 0 0 0 0 0 0 0 0 0 0
5.8 0 0 1 0 0 0 0 0 0 1 0 1.00

TOTALS 475 335 28 45 1 277 674 9 57 838 9
- - -- -- -~~~W ~

Notes:
1. POPCD for each voltage bin calculated as (EOCn Bobbin Detected for POPCD Analysisy(EOCn Bobbin Detected for POPCD Analysis + New EOCn+1 Ind. for POPCD

Analysis). By colunm, POPCD - (B+C+D)4[(B+C+D)-(G+H+I)].
2. EOCn deection based on inspection records for BOEL Voltages obtained fivm EOCn inspection recoi
3. Plant specific POPCD to be based upon voltage bins of 0.10 volt. Industy POPCD database nay use 020 volt bins due to difficulty of atusting existing database to smaller bins.L INR - bobbin indication found at EOCn but not reported at EOCn+l including resolution analyst review to assign indication as INKR Bobbin indications found to be RPC NDD oi

INR are considered to be fhlse calls and not included in the POPCD analysis.
5 ncludes new indications at EOCn+l, not reported in the bobbin Inspection, and found by RPC inspection of dents, mixed residuals or other reasons for the RPC inspection. These
indications are included as new indications at each EOCn+l found only by RPC inspection even If included as a new Indication In previous POPCD evaluations. If the RPC
inspection identifies more than one ODSCC indication at the sam TSP intesetion, the bobbin voltage assigned to the TSP is estimated as the square rot of the sum of squae
for the bobbin voltages inferred ftom the RPC indications

The sum of al EOCn bobbin indications - sum of columns B dtrgh F. The sum of all EOCn+l bobbin indications = sum of columns B+C+E+ columns 0 throug J.
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Table 6-2: Diablo Canyon Composite POPCD Data

A I B I C I D I E I F | G | H I I J I K I L I M

Data Reporting Re urements for POPCD Analys
EOCn BIbbin Deected for POPCD Alysis EOCn Bobbin Deted I New EOC41 (Undted at EOCn) Itd far _ n POP Cahul

WHO'". E~~~cludaK d foM POPC O POPCD AnalysIs PO CDCOc ltlC

New
EOOn Bebbin EOCn BObbin EOCn Bobbin en n Nw EOCn41 OECnIl New EOCn*1 New EOCn.1 EOCn

Vofe kId. RPC hId. Not RPC hd. Detected BOn Oobbin hd Bobbin Ind. RPC Bobbin Ind. Idl Found Bobbin E £Cn1 POPCD forBVnD ConfbmI d Mied at & Repaied oId RPC NOD at VW at Confinmd at Not RPC On* by RPC RPC NOD at Detcted Vot Bin
EOCnE1 E OCn" EO~n EOCn+1 EOCnM1 Inmpcted at Ispewdon EOCn01 nLd.

0.1 3 1 0 0 0 19 47 0 4 4 66 0.06
0.2 13 42 2 3 4 100 394 6 15 57 S00 0.10
0.3 50 191 5 20 10 135 511 55 26 248 701 0.26
0.4 70 283 13 9 15 107 386 70 20 365 563 0.39
0.5 73 261 B 14 13 68 197 1B 8 340 281 0.55
0.6 87 195 6 10 5 40 114 12 a 288 188 0.63
0.7 77 146 3 7 6 29 58 0 8 228 87 0.72
0.8 54 89 4 5 2 20 36 1 2 147 57 0.72
0.9 58 68 2 2 0 16 14 0 1 128 30 0.81
1 39 38 1 0 2 4 5 0 1 78 9 0.90

1.1 35 16 2 0 0 6 6 0 2 53 12 0.82
1.2 18 22 1 1 0 3 3 0 2 41 6 0.87
1.3 24 18 0 1 0 2 4 0 0 42 6 0.88
1.4 27 9 0 1 1 2 1 0 0 38 3 0.92
1.5 14 7 0 0 0 1 0 0 0 21 1 0.95
1.6 8 4 1 0 0 0 0 0 13 0 1.00
1.7 11 1 0 0 0 0 0 0 0 12 0 1.00
1.8 8 1 0 0 0 0 0 0 0 9 0 1.00
1.9 7 0 0 0 0 0 0 0 0 7 0 1.00
2 11 1 0 0 0 0 0_ 0 0 12 0 1.00

2.1 0 0 0 0 0 0 0 0 0 0 0 _

2.2 0 0 5 0 0 0 0 0 0 5 0 1.00
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Table 6-2: Diablo Canyon Composite POPCD, Data

A I B0 C I D I E I F I G I H II I J I K I L I M
M- I - - - - . - --- - --.- .- -- - - -� . - - - - H-On

Ua KGporrng Ke uwremenrs Tor rurUu Anaryses' _ _ _.

EOCn BObbin Detected for POPCD Anlsis COCn Bobbin DCeted lad New EOC (Undete at EOCn) Ind. for N8WEOC1r.~. ~~ Excluded tPOCA"sOMPPOCcaior

New
EO0n Bobbin EOn Bobbin EOCa Bobbin EOn Bd EOCn New EOCm EOCn 44 New EOCiwl NewEOC"I EO~nMoase latd RPC Ind. Not RPC Ind. Detectd _Bobbin t Bobbin NA RPC Bobbin nd. Ind. Foumd Bobbin Ind. Bobbin E POPC fBn'Y ConfItned at Inspeced at & Repaid t EC I at ConfIrmed at NO RPC One by RPC RPC ND at Detected OD9C Ind. tBlnEOCmI EOCn+1 EOCn EOCn41 EOCn41 Inrcbtd Inspecion EOCW la Ind.

2.3 0 0 3 0 0 0 0 0 0 3 0 1.00
2.4 0 0 2 0 0 0 0 0 0 2 0 1.00
2.5 0 0 0 0 0 0 0 0 0 0 0
2.6 0 0 2 0 0 0 0 0 0 2 0 1.00
2.7 0 0 0 0 0 0 0 0 0 0 0
2.8 0 0 3 0 0 0 0 0 0 3 0 1.00
2.9 0 0 3 0 0 0 0 0 0 3 0 1.00
3.0 0 0 0 0 0 0 0 0 0 0 0
3.1 0 0 1 0 0 0 0 0 0 1 0 1.00
3.2 0 0 1 0 0 0 0 0 0 1 0 1.00
3.3 0 0 0 0 0 0 0 0 0 0 0 O
3A 0 0 2 0 0 0 0 0 0 2 0 1.00
3.5 0 0 1 0 0 0 0 0 0 1 0 1.00
3.6 0 0 0 0 0 0 0 0 0 0 0 _ _ O
3.7 0 0 0 0 0 0 0 0 0 0 0
3.8 0 0 0 0 0 0 0 0 0 0 0 _ O _

3.9 0 0 2 0 0 0 0 0 0 2 0 1.00
4.0 0 0 0 0 0 0 0 0 0 0 0 O
4.1 0 0 1 0 0 0 0 0 0 1 0 1.00
4.2 0 0 1 0 0 0 0 0 0 1 0 1.00
4.3 0 0 0 0 0 0 0 0 0 0 0 _

4A 0 0 2 0 0 0 0 O 0 2 0 1.00
4.5 0 0 0 0 0 0 0 0 0 0 0
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Table 6-2: Diablo Canyon Composite POPCD Data

A | B | C | D | E F | G | H | J | K | L M

- ___________________ Data Reporting Re urements for POPCD Analyses
EOCn Bobbin Deteed Ifr POPCD Ans OC Bobbin Decd Ind Nw EOCn*1 (Undteced at EOCn) Ind fbr _w_ _POPCD aIND Exluded t P Excluded fromPDO

New
EOCn Bobbin EOCn Bobbin EOCn Bobbin n Bobbin EOCn New EOCRne EOCnot New EOCn.4 Now EOCn+1 EIOn NV"von laj~e aInd. RPC Ind. Not RPC Ind. Detected i_ RP "Do et Bobbin Ind Bobbin Ind. RPC Bobbin tIA Ind. Found Bobbnhid. BObbin POPCD forBin C m t Iped at & Repeld at EOCt lNR! at Connimed at Not RPC Onlm by MPO RPC NOD dt Detected O Voltage BinEOCn#t EI EOC nE1 BO*n EOCn+1 EOCn41 Inspected at Inspection EOCa.1 Ind.

EOCna _
-~ -o - O - n - -.O ,4.6 0 0 0 0 0 0 0 0 0 0 0

4.7 0 0 0 0 0 0 0 0 0 0
4.8 0 0 0 0 0 0 0 0 0 0 0 O
4.9 ~~0 0 0 0 0 0 0 0 0 0 0 _ _

5.0 0 0 0 0 0 0 0 0 0 0 0
5.1 0 0 1 0 0 0 0 0 0 1 0 1.005.2 0 0 0 0 0 0 0 0 0 0 0 _OO.

5 0 0 1 0 0 0 0 0 0 1 0 1.00
5A 0 0 0 0 0 0 0 0 0 0 0 O
5.5 0 0 1 0 0 0 0 0 0 1 0 1.00

TOTALS 687 1393 78 73 58 550 1776 162 95 2158 2488
Nofes: (Same as previous Table 6-1)
Log-logistic Fit Parameters of DCPP Composite POPCD Used in Monte Carlo Analyses

t of Data 4646
a.0 1.7673
;.- 4.7049

VI] 0.00546
V12 0.01078
V22 0.02687
Deviance 3188.56
MSE 0.1895
Binary TRUE
Chi Sqf 679.82
DoF 4644
p-Value C 2.9E.07
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Table 6-3: SG 2-1 As-Found and BOC-12 Voltage Distribution (POD 0.6)

DOSsWAONDBs Returned to Sovice

Volta As-Found PM Repaired C ulatdb CmnCOD.s or
Bin LOC-I1 10.6) Tubes BOC-12 m To
0.1 0 0 0 0
0.2 21 35 0 35 11 21
0.3 66 110 3 107 S2 63
0.4 59 9833 2 96.33 46 57
0.5 51 BS 1 14 39 50
0.6 36 60 1 59 31 35
0.7 34 56.67 0 56.67 23 34

0.8 21 35 0 35 18 21
0.9 11 18.33 0 1633 9 It
I 5 8.33 0 533 5 5

1.1 11 1833 0 1.33 10 It
1.2 4 6.67 0 6.67 4 4
13 11 1833 11 7.33 0 0
IA 2 333 2 133 0 0
1.5 4 6.67 4 2.67 0 0
1.6 0 0 0 0
1.7 1 1.67 1 0.67 0 0
1.8 1 1.67 1 0.67 0 0
1.9 2 333 2 133 0 0
2 0 0 0 0

2.1 0 0 0 0
2.2 0 0 0 0
2.3 1 1.67 1 0.67 0 0
2.4 0 0 0 0
2.5 0 0 0 0
2.6 0 0 0 0
2.7 0 0 0 0
23 1 1.67 1 0.67 0 0
2.9 2 3.33 2 133 0 0
3 0 0 0 0

3.1 0 0 0 0
32 0 0 0 0
3.3 1 1.67 1 0.67 0 0
3A 0 0 0 0
3.S 1 1.67 1 0.67 0 0
3.6 0 0 0 0

3.7 0 0 0 0
3.5 0 0 0 0
3.9 0 0 0 0
4 0 0 0 0

4.1 0 0 0 0
42 0 0 0 0
4.3 0 0 0 0
4.4 1 1.67 1 0.67 0 0
4S 0 0 0 0
4.6 0 0 0 0
4.7 0 0 0 0
4.1 0 0 0 0
4.9 0 0 0 0
5 0 0 0 0
6 1 1.67 1 0.70 0
7 2 333 2 133 0 0
8 0 0 0 0
9 0 0 0 0
10 0 0 0 0
it 0 0 0 0

12 0 0 0 _

13 0 0 0 0
14 0 0- 0 0
is 0 0 0 0

>20 0 0 00
Total 350 53.33 38 54533 241 312
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Table 6-4: SG 2-2 As-Found and BOC-12 Voltage Distribution (POD 0.6)

-- - - ~~~~~~~~~DOWsAONDBs Returned to service
CenL OD-S~ci

Voltage As-Found PMt Repabed Calculated or Not hsp
Bin EOC-11 Tubes B OC-12 Wdl j Tota
0.1 0 0 0 0
02 13 21.67 0 21.67 13 13
0.3 50 8333 I 82.33 49 49
0.4 45 75 3 72 42 42
0.5 47 78.33 3 75.33 44 44
0.6 31 51.67 1 50.67 30 30
0.7 27 45 2 43 25 25
0.S 11 18.33 0 1I.33 11 it
0.9 IS 30 1 29 17 17
I 7 11.67 0 11.67 7 7

L1 7 11.67 0 11.67 7 7
12 5 8.33 0 8.33 5 5
1.3 5 3.33 5 333 0 0
1.4 1 1.67 1 0.67 0 0
I.S I 1.67 1 0.67 0 0
1.6 0 0 0 0
1.7 2 333 2 1.33 0 0
14 1 1.67 1 0.67 0 0
1.9 0 0 0 0
2 2 3.33 2 1.33 0 0

2.1 0 0 0 0
2.2 0 0 0 0
2.3 0 0 0 0
2A I B67 1 0.67 0 0
25 1 1.67 I 0.67 0 0
2.6 0 0 0 0
2.7 0 0 0 0
2.8 0 0 0 0
2.9 0 0 0 0
3 0 0 . 0 0

3.1 0 0 0 0
3.2 0 0 0 0
3.3 0 0 0 0
3A 0 0 0 0
3.5 1 1.67 1 0.67 0 0
3.6 0 0 0 0

3.7 0 0 0 0
3. 0 0 0 0
3.9 0 0 0 0
4 0 0 0 0

4.1 0 0 0 0
4.2 0 0 0 0
4.3 0 0 0 0
4.4 0 0 0 0
45 0 0 0 O
4.6 1 1.67 1 0.67 a 0
4.7 0 0 0 0
4.8 0 0 0 0
4.9 0 0 0 0
5 0 0 0 0
6 0 0 0 0
7 1 1.67 1 0.67 0 0
a 0 0 =0 0
9 0 0 0 0
10 0 0 o0 0
_ 0 0 _ 0 O
12 0 0 . 0 0
13 0 0 0 0
14 0 0 0 0
is 0 0 __ _ _ _ _ 0 0

0 , 00 -0 0
Total 278 463.33 23 43533 250 250
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Table 6-5: SG 2-3 As-Found and BOC-12 Voltage Distribution (POD 0.6)
DOSsWAONDBs Retared to Service

Voltage As-Faund POD Repalrd | CalilAted Co_ OD-SCCo
,Bi EOC. 1 1 Tubs B OC-12 Not !=p wit TOal

0.1 0 0 0 0
0.2 17 2.33 0 28.33 iS 17
0.3 42 70 3 67 38 39
0.4 58 9667 3 93.67 S0 55
0.5 39 65 0 65 33 39
0.6 21 46.67 1 45.67 26 27
0.7 19 31.67 1 30.67 17 18
0. 19 31.67 1 30.67 1S 18
0.9 3 5 0 S 3 3
1 4 6.67 0 6.67 4 4

1.1 4 6.67 0 6.67 4 4
1.2 7 11.67 0 11.67 7 7
1.3 6 10 6 4 0 0
IA 1 1.67 1 0.67 0 0
I.S 3 S 3 2 0 0
1.6 3 S 3 2 0 0
1.7 1 1.67 1 0.67 0 0
11 1 1.67 1 0.67 0 0
1S 2 333 2 1.33 0 0
2 1 1.67 1 0.67 0 0

2.1 1 1.67 1 0.67 0 0
2.2 0 0 0 0
23 1 1.67 1 0.67 0 0
2A 0 0 0 0
2.5 0 0 0 0
2.6 0 0 0 0
2.7 0 0 0 0
2.8 0 0 0 0
2.9 1 1.67 1 0.67 0 0
3 0 0 0 0

3.1 1 1.67 1 0.67 0 0
3.2 0 0 0 0
33 0 0 0 0
3.4 0 0 0 0
3.5 0 0 0 0
3.6 0 0 0 0

3.7 0 0 0 0
3.8 0 0 0 0
3.9 0 0 0 0
4 0 0 0 0

4.1 1 1.67 1 067 0 0
4.2 0 0 0 0
4.3 0 0 0 0
4.4 0 0 0 0
4.5 0 0 0 0
4.6 0 0 0 0
4.7 0 0 0 0
4.1 0 0 0 0
4.9 0 0 0 0
5 . 0 0
6 0 0 0 0
7 0 0 0 0
0 0 0 0 0

9 0 0 0 0
30 0 0 0 0
It 0 0 0 0
12 0 0 0 0
13 0 0 0 0
14 0 0 0 0
15 0 0 1 0 0
20 - -0 0 0

Total 263 43S33 32 33 20 231

._ _



86-5029429-00
Page 87 of 117

Table 6-6: SG 2-4 As-Found and BOC-12 Voltage Distribution (POD 0.6 & 1.0 for R44C35)
DOWM/ONDB& Raturned to Service

Voltage As-Found POD Repsared Calculated Coa OD-SCC or
un LOC-II -(VA) T Di BOC-12 Net Juip wrEt Total

0.1 0 0 0 0
0.2 14 2333 1 22.33 12 13
0.3 91 151.67 S 143.67 82 83
0.4 135 225 13 212 119 122
0.S 139 231.67 1S 216.67 122 124
0.6 106 176.67 11 165.67 95 95
0.7 94 156.67 13 143.67 79 831
0.8 81 135 6 129 74 75
0.9 60 100 7 93 S3 53
1 33 SS 5 S0 2S 28

1.1 22 36.67 2 34.67 20 20
12 26 43.33 3 40.33 23 23
1.3 20 33.33 20 13.33 0 0
1.4 11 30 16 12 0 0
1.5 12 20 12 a 0 0
1.6 16 26.67 16 10.67 0 0
1.7 16 26.67 16 10.67 0 0
1.8 12 20 12 8 0 0
1.9 10 16.67 10 6.67 0 0
2 9 15 9 6 0 0

2.1 1 1.67 1 067 0 0
2.2 2 333 2 133 0 0
23 6 10 6 4 0 0
2A 8 1333 3 5.33 0 0
2.5 3 S 3 2 0 0
2.6 3 5 3 2 0 0
2.7 3 5 3 2 0 0
2.8 2 333 2 1.33 0 0
2.9 4 6.7 4 2.67 0 0
3 3 5 3 2 0 0

3.1 2 3.33 2 1.33 0 0
3.2 1 1.67 1 0.67 0 0
3.3 2 333 2 1.33 0 0
3. 3 5 3 2 0 0
3.5 1 1.67 1 0.67 0 0
3.6 1 1.67 1 0.67 0 0

3.7 0 0 0 0
3.8 2 3.33 2 133 0 0
3.9 0 0 0 0
4 0 0 0 0

4.1 1 1.67 1 0.67 0 0
42 2 3.33 2 1.33 0 0
4.3 1 1.67 1 0.67 0 0
4.4 1 1.67 1 0.67 0 0
4.5 1 1.67 1 0.7 0 0
4.6 1 1.67 I 0.67 0 0
4.7 1 1.67 1 0.67 0 0
4.1 0 0 0 0
4.9 1 1.67 1 0.67 0 0
5 3 5 3 2 0 0
6 6 10 6 4 0 0
7 2 333 2 133 0 0
8 0 0 0 0
9 0 0 0 0
10 0 0 0 0
11 0 0 0 0
12 0 ___ 0 -0 0
13 0 - .. 0 0
14 0 0 0
15 0 0 0 0

>20 1 I 1 0 0 C
Total 982 1636 265 1371.3 707 717
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Table 6-7: As-found EOC-11 vs. Projected EOC-11 Distributions

vwth POD=0.6 and Independent Growth from 2110 90 day Report

_____________ ~POD -0.6 Nornial Growth_______

SC 21 EOC-1l SC 22 EOC-11 SG23 EUC1t SG 24 EOC;11

Voltage l
Bin e.d lectd At-Fornd reced A-Fnd Prjeed -Foud Projeed

0.1 0 0.04 0 0.04 0 0.04 0 0.05

0.2 21 1.21 13 0.8S 17 1.07 14 1.29

0.3 66 6.16 SO 3.63 42 4.66 91 6.40

0.4 59 12.8S 45 8.79 58 . 135 17.16

0.5 Sl 21.86 47 15 22 39 1338 139 34.71

0.6 36 29.82 31 2031 28 16.68 106 55.12

0.7 34 3192 27 22.24 19 16.SS 94 70.79

0.8 21 32.11 11 20.76 19 16.63 81 78.490

0.9 it 27A1 iS 18.05 3 14.36 60 77.33

1 5 22.33 7 14.88 4 12.2S 33 70.03

1.1 Ii 17.47 7 12.08 4 1028 22 60.53

1.2 4 13.28 S 9.64 7 825 26 51.39

1.3 11 I0.5 5 730 6 6.76 20 -42.95

IA 2 8.62 I 5A4 i 5.51 18 35.98

1.5 4 7.10 1 4.00 3 4.2 12 30.12

1.6 0 5.80 0 2.83 3 3.20 16 25.25

1.7 1 4.55 2 2.00 1 2.29 16 21.10

1.8 1 3.48 1 1.43 1 1.62 12 1 1747

1.9 2 2.71 0 1.11 2 1.20 10 - 1436

2 0 2.15 2 1.01 1 0.90 9 11.82

2.1 0 1.S8 0 0.95 1 0.75 1 9.84

2.2 0 1.62 0 0.88 0 0.63 2 8.15

2.3 1 1.39 0 0.76 1 0.56 6 6.64

2A I 0 1.18 1 0.65 0 0.51 8 5.33

2.5 I . 0.95 1 0.54 0 0.3 3 4.22

2.6 0 0.76 0 0.43 0 0.36 3 334

2.7 0 0.35 0 0.33 0 0.28 3 - 2.65

2. 1 0.46 0 - 0.25 0 023 2 2.13

2.9 2 0.39 0 0.20 1 0.20 4 1.78

3 0 034 0 0.17 0 0.17 3 1.57

3.1 0 0.33 0 0.16 I 0.16 2 1.47

3.2 0 0.36 0 0.17 0 0.18 I 1.44

3.3 1 0.37 0 0.19 0 0.18 2 1.46

3.4 0 0.39 0 0.20 0 0.9 3 1.50

3.5 1 0.39 1 0.20 0 0.19 1 1.4

3.6 0 0.34 0 0.15 0 0.17 1.36

3.7 0 0.29 0 0.14 0 0.06 - 1.19

3.8 0 0.22 0 0.10 0 0.14 2 0.99

39 0 0.17 0 0.08 0 0.13 0 0.3

0 0.12 0 0.05 0 0.12 0 0.70

4.1 0 0.09 0 0.04 1 0.12 1 0.61

42 0 0.07 0 0.02 0 0.11 2 0.53
43 0 0.06 0 0.02 0 0.11 I 0.48

4.4 I 008 0 0.03 0 0.12 1 0.50
4.5 0 0.13 0 0.06 0 0.16 1 0.63

4.6 0 0.13 I 0.09 0 0.14 1 0.74

4.7 0 0.13 0 0.08 0 0.12 1 0.77

4.8 0 0.11 0 0.06 0 0.11 0 0.73
4.9 0 0.10 0 0.05 0 0.11 1 -- 0.67

5 0 0.10 0 0.06 0 0.11 3 0.64

6 1 0.37 0 0.23 0 0.43 6 3.80

7 2 0.03 1 0.01 0 0.04 2 0.82

8 0 0.00 0 0.00 0 0.01 0 0.14

9 0 0.00 0 0.00 0 0.00 0 0.04

10 O 0.00 0 0.00 0 0 0.01

>20 0 0.00 0 0.00 0 0.00 I 0.00

ITotal 350 12734 278 179.01 263 1 15600 1 932 791.71
II

III

I
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Table 6-8: EOC-11 As-Found vs. Projected Voltage Distribution Cycle 10 VDG at 1.0 Volts for

SGs 2-3 and 2-4, POD - 0.6 and EPRI POPCD (2R10 90 Day Report)

Voltage SG 2-3 EOC-11 SG 2-4 EOC-11
Bin As-Found POD - 0.6 EPRI POPCD As-Found POD - 0.6 EPRI POPCD

0.1 0 0.4 0.06 0 0.05 0.08

02 17 1.08 1.73 14 1.29 2.10
0.3 42 4.72 6.47 91 6.48 8.91
OA 58 8.92 11.54 135 17.77 22.24
0.5 39 13.87 16.86 139 36.40 42.15
0.6 28 17.25 19.34 106 57.92 61.76
0.7 19 17.12 17.66 94 74.45 73.70

0.8 19 17.19 16.62 81 82.34 76.60
0.9 3 14.76 13.29 60 80.92 71.18

1 4 12.48 10.77 33 72.54 61.08
1.1 4 10.00 8.44 22 60.93 49.67
1.2 7 7.35 6.02 26 48.13 38.24
1.3 6 5.39 4.36 20 36.81 28.71
I.4 1 4.03 3.26 18 28.04 21.59
1.5 3 2.96 2.35 12 21.53 1634
1.6 3 221 1.69 16 17.17 12.74
1.7 1 1.70 1.26 16 14.37 10.36
1.8 1 - 1.38 1.01 12 12.44 8.73
1.9 2 1 1.24 0.93 10 10.97 7.58

2 1 1.11 0.82 9 9.76 6.69
2.1 1 1.03 0.75 1 8.75 5.96
2.2 0 0.91 0.64 2 7.79 5.26
2.3 1 0.76 0.52 6 6.78 4.53
2.4 0 0.59 0.38 8 5.73 3.77
2.5 0 0.43 0.26 3 4.68 3.04
2.6 0 0.30 0.17 3 3.76 2.40
2.7 0 0.24 0.13 3 3.18 2.01
2.8 0 0.27 0.16 2 2.99 1.91
2.9 1 0.31 0.20 4 2.95 1.92
3 0 0.32 0.20 3 2.91 1.88

3.1 1 036 0.23 2 2.86 1.81
3.2 0 0.39 0.26 1 2.78 1.73
3.3 0 0.35 0.22 2 2.63 1.60
3.4 0 0.28 0.18 3 2.37 1.41

3.5 0 0.21 0.12 1 2.06 1.19

3.6 0 0.15 0.08 1 1.78 1.00
3.7 0 0.14 0.07 0 1.66 0.91
3.8 0 0.16 0.08 2 1.68 0.93
3.9 0 0.19 0.10 0 1.78 1.00
4 0 0.24 0.13 0 2.01 1.16

4.1 1 0.30 0.16 1 2.24 1.32
4.2 0 0.32 0.18 2 2.23 1.31
4.3 0 0.30 0.16 1 2.04 1.18
4A 0 0.24 0.12 I 1.78 1.01

4.5 0 0.19 0.08 1 1.53 0.84
>4.5 0 2.23 0.78 15 20.44 9.81

Total 263 156.00 150.82 982 791.71 68134

ii
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Table 6-9: EOC-11 As-Found vs. Recalculated Voltage Distribution

Using DCPP POPCD and Cycle 10 VD Growth

.________________ DCPP POPCD with Cyele 16 VD Growth |

SC 21 1OC-I I SG 22 EOC-II SG 23 EOC-11 SC 24 EOC-11

Voltage
sin As-Found Projected As-Found Projected As-Found Proeceted As-Found Pro ected

0.1 0 0.20 0 0.20 0 0.20 0 0.40
0.2 21 4.6 13 4.09 17 4.53 14 8.73
0.3 66 16.19 50 10.20 42 13.01 91 25.14
0.4 59 29.44 45 20.40 58 22.09 135 50.41
0.5 51 44.10 47 29.85 39 30.46 139 71.68
0.6 36 49.t5 31 33.54 28 30.88 106 95.99
0.7 34 46.20 27 32.63 19 26.21 94 101.33
0.S 21 40.95 t1 26.60 19 22.16 Si 93.92
0.9 11 30.00 18 20.09 3 IS.72 --60 76.77
t 5 21.71 7 14.16 4 11.81 33 S8. 19

1.1 Ii 14.89 7 9.77 4 8.58 22 42.37
1.2 4 10.11 5 7.07 7 6.1S 26 32.37
1.3 11 7.67 5 5.28 6 4.86 20 26.M0
1.4 2 6.04 I 1 4.24 1 3.90 18 22.55

I.S 4 4.85 1 3.31 3 3.13 12 19.06
1.6 0 3.64 0 2.45 3 2.33 16 1 S.69
1.7 1 2.78 2 1.73 1 1.77 16 12.68
1.8 1 2.17 1 1.30 1 1.39 12 10.43
1.9 2 1.94 0 1.11 2 1.23 10 9.15
2 0 1.76 2 1.09 1 1.08 9 8.05

2.1 0 1.60 0 0.97 1 0.92 1 6.85
2.2 0 1.27 0 0.77 0 .66 2 S.62
2.3 1 1.02 0 0.S3 1 0.48 6 4.53
2.4 0 0.83 1 0.3S 0 0.36 8 3.70
2.5 0 0.66 1 0.28 0 0.26 3 2.97
2.6 0 0.50 0 0.22 0 0.18 3 2.41
2.7 0 0.42 0 0.20 0 0.16 32.24
2.8 1 0.39 0 0.22 0 0.16 2 2.03

2.9 2 0.34 0 0.22 1 0.14 4 1.71
3 0 0.30 0 0.18 0 0.13 3 1.46

3.1 0 0.27 0 0.13 _ 0.11 2 1.25
3.2 0 0.25 0 0.09 0 0.09 1 1.07
3.3 1 0.25 0 0.09 0 0.10 2 1.09
3.4 0 0.30 0 0.11 0 0.13 3 1.30
3.5 0.31 1 0.13 0 0.13 1 1.37
3.6 0 0.29 0 0.12 0 0.12 1 1.3S
3.7 0 0.26 0 0.11 0 0.11 0 1.36
3.8 0 0.25 0 0.13 0 0.12 2 1.34
3 9 0 0.25 0 0.15 0 0.13 0 1.31
4 0 0.24 0 0.16 0 0.12 0 1.21

4.1. 0 0.23 0 0.13 1 - _ 1.09
4.2 0 0.22 0 0.10 0 0.10 2 0.98
4.3 0 0.22 0 0.07 0 0.09 1 0.91
44 1 0.21 - 0 0.06 0 0.08 1 0.88
4.5 0 0.20 0 0.05 0 0.07 1 0.86
4.6 0 0.18 1 0.05 0 0.05 I 0.82
4.7 0 0.14 0 0.04 0 0.04 1 0.73
4.8 0 0.11 0 0.03 0 0.02 0 0.61
4.9 0 0.08 0 0.03 0 0.01 1 0.49
5 0 0.06 0 0.03 0 0.01 3 0.38
6 1 0.87 0 0.27 0 0.30 6 3.70
7 2 0.43 1 0.17 0 0.09 2 2.21
8 0 0.01 0 0.01 0 0.00 0 0.05
9 0 0.00 0 0.00 0 000 0 0.01
10 0 0.00 0 0.00 0 0.00 0 0.00

7 >20 00 0 0.00 0 0.00 I 0.00

TotsJ 350 3523J 278 23535 263 217.10 982 141.28

..J
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Table 6-10: EOC-11 As-Found vs. Recalculated Voltage Distribution

Usig DCPP POPCD and Cycle 11 VD Growth

DCPr PoPCD with Cycle 11 VD Growth _

SC 21EOC41 SC 22 EOC-11 SC 23 EOC-11 G 24S EOC.11

Voltage
Bin AS-Found Proected As-Found Protected At-Found Projected Au-Found IProlected

- - -
0.1 0 0.17 0 030 0 0.13 0 0.18
0.2 21 4.20 13 6.17 17 3.03 14 4.08

0.3 66 16.23 S0 15.02 42 11A9 91 16.91
0.4 59 37.SI 4S 29AS S8 27A4 135 44.75

0.5 51 56.18 47 37.43 39 37.69 139 78.00
0.6 36 S6.53 31 37.67 28 33.8: 106 99.79

0.7 34 49.97 27 30.79 19 27.26 94 107.59
0.8 21 3S.74 11 22.01 19 18.28 81 93.60
0.9 1 1 22.13 18 15.13 3 10.29 60 71.64

S 13.98 7 10.14 4 6.81 33 50.27
1.1 I11 11.09 7 7.07 4 5.79 22 35.97

- 12 4 8.95 5 5.03 7 5.29 26 27.77
1.3 It 7.60 5 3.60 6 4.75 2e 23.78

1.4 2 6.07 1 2.77 1 3.t8 1S 21A3

1.5 4 4.33 1 _ 2.17 3 3.16 12 20.18
1.6 0 3.01 0 1.57 3 3.03 16 18.20
1.7 1 2.15 2 1.23 1 2.87 16 IS.66
1.8 1 1.73 1 1.21 2.15 12.97
1.9 2 1.33 0 0.98 2 1.65 10 10.61
2 0 0.98 2 0.73 1 1.99 8.76

2.1 0 1.01 a 0.63 1 1.16 1 7.73
2.2 0 1.10 0 0.4S 0 0.79 2 .02

2.3 1 0.92 0 0.32 1 0.53 6 6.3S

2.4 0 0.60 1 0.22 0 0.46 8 5.81

2.5 0 0.42 1 0.14 0 0.48 3 S.32
2.6 0 0.25 0 0.08 0 0.37 3 4.62
2.7 0 0.22 0 0.04 0 0.30 3 4.00

2.8 1 0.36 0 0.03 0 0.38 2 3.70
2.9 2 0.46 0 0.11 1 0.35 4 3.19
3 0 0.48 0 0.1S 0 0.S 3 2.69

3.1 0 0.34 0 0.16 1 0.17 2 2.53

3.2 0 0.22 0 0.14 0 0.12 I 21.4
3.3 . I . 0.16 0 0.10 0 0.09 2 2.30

3A I 0 0.26 0 0.06 0 0.06 3 1.88
3.5 1 0.36 1 0.03 0 0.04 1 1.42
3.6 0 0.2 0 0.02 0 0.03 I 1.29
3.7 0 0.19 0 0.01 0 0.10 0 1.22

3.8 0 0.12 0 0.01 0 0.24 2 1.13
3.9 0 0.08 0 0.00 0 0.23 0 1.10
4 0 0.06 0 0.00 0 0.16 0 1.12

4.1 0 0.07 0 0.00 I 0.11 1 1.08
4.2 a 0.09 0 0.00 0 0.09 2 1.23

4.3 0 0.15 0 0.02 0 0.07 1 1.53
4.4 1 0.35 0 0.06 0 0.05 1 1.53

4.5 0 0.45 0 0.11 0 0.03 1 1.37

4.6 0 037 1 0.16 0 0.02 1 1.23
4.7 0 0.26 0 0.17 0 0.01 1 1.12
4.S _ Q _ 0 0.19 0 0.16 0 0.01 0 1.04
4.9 0 0.12 0 0.13 0 0.01 1 0.99

0 0.09 0 0.09 0 0.00 3 0.90

6 1 0.43 0.19 0 0.01 6 4.03

7 2 1.75 1 0.9S 0 0.02 2
8 0 0.12 0 0.01 0 0.01 0 0.21

9 0 0.00 0 0.00 0 0.00 0 0.01

10 0 0.00 0 0.00 0 0.00 0 0.00

>10 0 0.00 0 0.00 0 0.00 I 1.00

Total 350 352.20 278 235.32 263 217.08 982 84850 l
-
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Table 6-11: EOC-11 Projected vs. As-Found Using Cycle 10 VD Growth Rates

Comparison of 2R11 As-Found and
Projected Voltages Using 2R10 Growth Rates

Voltage SG 2-1 SG 2-2 SG 2-3 SG 2-4

As-Found Projected As-Found Projected As-Found Projected As-Found PwjCed ProPected

51V 304 283.51 249 191.75 229 177.07 753 589.55 446.26
>IV 46 68.30 29 43.59 34 40.02 229 258.71 345.45
>2v 10 12.95 5 6.24 5 5.61 68 59.87 99.26
>Sv 3 1.31 1 0.45 0 0.39 9 5.96 13.93

All 350 352.31 278 23535 263 217.09 981(41 848.27 791.71

Notes:
1. projected voltages ae based on a recalculation of the 2R10 OA using the DCPP-specific POPCD and Cycle 10 voltage-

dependent growth with statistcay based breakpoints at 0.69v and 1.1 7v.
2. All calculalions used composite SO Cycle 10 growth in each bin because of the small numrber of flaws that existed in

the upper and middle bins.
3. <1 volt flaws do not sgnificantly contnrbt to FOB and leak rate total.
4. R44C4S in SO 2-4 was excluded from the as-found and projected distribution since the benchmark was performed to

evaluate the methods for projections and as-found analyses excluding the limitations on predicting the large flaw.

Table 6-12: EOC-l1 Projected vs. As-Found Using Cycle 11 VD Growth Rates

Comparison of 2R11 As-Found and Projected Voltages
Usinif 2R11 Growth Rates

Voltage
Category SG 2-1 SG 2-2 SG 2-3 SG 2-4

POPCD 0.6 POD
As-Found Projected As-Found Projected As-Found ProJeced As-Found Projcted Projected

clv 304 292.63 249 204.11 229 176.29 753 566.82 415.24
>Iv 46 59.58 29 31.22 34 40.80 229 281.69 376.47
>2v 10 12.33 5 4.84 5 6.74 68 36.36 131.94
>Sv 3 2.31 1 1.16 0 0.05 9 7.64 18.30
>20 0 0 0 0 0 0 1 1.00 2.20

An 350 352.21 [ 278 235.32 263 217.09 982 848.50 791.71

Notes:
1. Projected voltages are based on a recalculation of the 2R10 OA using the DCPP-specific POPCD and Cycle 11

voltage-dependent growth with statistically based breakpoints at 0.59v and 1.66v.
2. All calculations used SG-specific Cycle 11 voltage dependent growth except for the upper bin (>1.66v) in SG 2-3,

where no indications existedL The SG 2-3 calculation used a composite growth rate from all SGs, excluding the 11.9
vWEFPY growth point from R44C45.

3. <1 volt flaws do not significantly continbute to FOB and Leak rae total.
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Table 6-13: EOC-1 I Benchmark Analysis Results POB & Leak Rate Comparisons for DCPP
POPCD and POD = 0.6

2R10 OA Analyces vs. 2R11 As-Found CM
DCPP POPCD POD 0.6

_ Differences Between OA and CM Results (OA-CM) OA Leak
SG Cale. Description FOB (am) AS nc OAPOB Rate

________ - -O B____ Rate __ __ _ __ __ _ -f (pm)
2R11 As-Found 1.18E.03 6L82E-01

2-1 CVI why I 5.8SO-04 6.19E-01 -6.013E4 -63E-02 Insignificant: Both POB andALR
VD row 11 <ifrne I<10% of'reporting

CalVi withCycle II 1.08E-03 736E-01 -1.01304 +S.4E-02 lzholds
_ VD .%;h

2R11 As-Found S.66E-04 3.62E-01

2-2 Cak. with w 10I 2S2E-04 2.96E-01 -2.74E-04 .6.6E-02 Insignificant Both APOB and ALR
CaDc with~ Q Cycle- differences < 100% of reporting

C-ac. vith cye 11 4.67E-04 3MSA-1 -99E-05 -1.2E-02 resholds

2R11 As-Found IMSE-04 2.11E-01

2-3 Cvc. wirh cycle I0 2.53E-04 2.64E-01 +9.SE-05 +5.3E-02 Insignificant Both POB and ALR
V~D~ Gro - differences < 10% of reporting

C lRc. with Cykc I 1.73E-04 2.45E-01 +1.5E05 +3.4E-02 thesholds

2Rll As-Found 3 3753 _1 _ _

Ca, Gwth p 10 2.75&M03 2.58M -1.09E-03 -0.63 insiCnifica t Review rumired!4) 6.46,03 4-51a

24 insignifiant Both POB and ALR

Cac. with Cycle 11 3.47EM3O) 3.240) -3.7E-04 +0.03 differnces 10% of reporting 9.97E-03P) 5.67M
VDI rowthf olds

2.18SE-02) 3.76M' -2.OE-03 +0.04 . B sG 5.06E-02M 6A9g
- gnjficant. ~~~~~~~~~~~~~~~~Review reqire2

Notes:
1. Significant differences are defined as 10%/. of reporting thrsholds or -1.0E-03 forPOB and .1.05 gpm for SLB leaSage (allowable

lmit of 10.5 pipm). A review of the analysis methods is required when these criteria are cxceeded.
2. CM and OA results obtained excluding R44C45 from both analyses including exchlsion from growth rates for OA.
3. CM and OA results include R44C45 in both analyses including growth rates for OA.
4. The differences between die CM and OA results can be attributed to the assignment of 10% NDE analyst variability uncertainties to

indications > 2 volts in the CM analysis and to about i 5% increase in growth rates above about 0.6 BOC volts for Cycle 11.
5. Differences in the CM as-found calculations and the projected calculations utlizing cycle 11 actual growth rates are partially

attributable to the NDE analyst uncertainties that are applied to the higher voltage indications at EOC conditions. By recalculating
the EOC- 1I as found conditions with the analyst uncertainty for indications >2 volts reduced to 5%, the CM POB is reduced to
2.23E-02, which leads to am insignificant MPOB of -S.0E-04. This result demonstrates the sensitivity of the as-found calculation to
the application of the uncertainties in the Monte Carlo codes. The NDE uncertainties in the OA analyses are assigned to indications
predominantly below the ARC repairlmit for which the 10%A NDE uncertainty was developed. In the CM analyses, an assignment
of 10% NDE analyst varability uncertainties to indications > 2 volts is excessively conservative (see Section 4.5 and NUREGICR-
6791)

S. The 2R10 OA calculations with Cycle 10 VDGused growth t breakpoints at 0.69v and 1.17v. SG2-4 primarily dominates the
growth rates in Cycle IO, and as such the curves used in the calculations were composite in all bins.

T. -Me 2R10 OA calculations with Cycle 11 VDG used growth ate breakpoints at 0.59v and I.66v. The upper bin (>1.66v) for the SG
2-3 calculation used a Cycle 11 growth rate including indications from all steam generators except for R44C45 in SG 2-4. The other
Cycle II Growth' runs used SO-specific Rrowdh.
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Figure 6-1: As-found SG 2-1 and BOC-12 Voltage Distributions (POD 0.6)
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Figure 6-2: As-found SG 2-2 and BOC-12 Voltage Distributions (POD 0.6)
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Figure 6-3: As-found SG 2-3 and BOC-12 Voltage Distributions (POD 0.6)

As-Found EOC-1 and Calculated BOC12 Voltago Dlstributions
SG23 (POD=0.6)

140

12D

100

o

I

A

11

11LULL - - - - - - . ON, - 01

40

20

a -

- 3* 3 0 ~ *P- - l 03 0- 0 I, 0 al 0 -. OQ CCE

Bobbin Voflag.

IRAs-FoundEOC-iiO~hlculateB O0,121

Figure 6-4: As-found SG 2-4 and BOC-12 Voltage Distributions (POD 0.6)1.0 for R44C45)
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Figure 6-5: As-found SG 2-1 vs Projected Voltage Distributions from 2R10 OA

An Found vs. Previous Projected EOC-11 Distribuon
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Figure 6-6: As-found SG 2-2 vs Projected Voltage Distributions from 2R10 OA
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Figure 6-7: As-found SG 2-3 vs Projected Voltage Distributions from 2R10 OA
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Figure 6-9: DCPP POPCD Log-logistic Fit of Composite Data
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7.0 Tube Integrity Calculations for EOC-12

This section presents the results of analyses carried out to predict EOC-12 distributions at 1.54
EFPY, and EOC-12 leak rates and tube burst probabilities for postulated SLB conditions. Table
7-1 contains a matrix of calculations that were performed for DCPP-2 in support of this section.
The results of each case are provided in subsequent Tables. Case I is the CM calculation, and
the leak and burst results are reported in Table 7-2. Cases 2 through 5 vary the POD and growth
rate method used in the calculations. Case 5 provides the results for full cycle operation, based
on POPCD and VDG. Cases 6 to 8 provide sensitivity results to demonstrate the beneficial
affects of preventive plugging at 1.2 volts that was performed in 2RI1, as compared to the 2.0-
volt GL 95-05 requirement. In all cases, SG 2-4 is the limiting SG, based on the population of
indications that were detected at EOC-1l. For all cases that used VDG, the distributions
contained in Table 3-12 were utilized, and for all cases that used voltage independent growth the
distributions in Table 3-11 were used. The middle bin VD growth contains a conservative
assumption that the growth in it will increase by 10% for Cycle 12 operation.

7.1 PredidedEOC-12 Populion Dstribuions

EOC-12 conditions were projected utilizing a POD of 0.6 and 1.0 for R44C45 with voltage
independent growth (Case 2) and VD growth (Case 3), and these EOC-12 distributions are
contained in Table 7-9. EOC-12 conditions were also projected utilizing the DCPP POPCD
with voltage independent growth (Case 4) and VDG (Case 5), and these EOC-12 distributions
are contained in Table 7-8. Figures 7-1 through 7-8 present the predicted EOC-12 distributions
graphically for VDG and independent growth using both POD of 0.6 and 1.0 for R44C45 and
DCPP POPCD. Table 7-10 provides a summary of indication populations for each of the eight
projected EOC-12 voltage distributions. The differences between the projections will be
evaluated in Section 7.3.

As expected, the EOC-12 populations differ considerably between using POD of 0.6 and 1.0 for
R44C45 versus DCPP POPCD, as well as independent growth versus VD growth. The POD of
0.6 and 1.0 for R44C45 calculations predict a much higher number of high voltage indications
than does the DCPP POPCD method, but the POPCD method predicts a much higher number of
indications overall, due to the low POD in the lower voltage ranges. The VD growth projections
show a larger number of high voltage indications at EOC-12 compared to the independent
growth projections. The differences in total population at EOC-12 between the VDG and
independent growth in the DCPP POPCD calculations are expected since the POD is a
randomized term in the Monte Carlo simulations. A slightly different POD may occur for a
given voltage bin between cases analyzed.
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7.2 LeakRateand TubeBurstProbabilityResultsforEOC-12

7.2.1 POD of 0.6: Leak Rate and Tube Burst Probabityfor EOC-12

For POD of 0.6 and 1.0 for R44C45 calculations, both independent (Case 2) and VD growth
(Case 3) were considered. As expected, the resulting POB and leak rate are much higher with
voltage dependent growth (see Table 7-4) than with independent growth (see Table 7-3). Both
calculated POB results exceed the reporting threshold of 1.0 E-2 during Cycle 12, and both leak
rates meet the DCPP specific limit requirements. Utilizing a constant POD with a voltage
dependent growth, although producing the most conservative results, is not a realistic way of
assessing EOC-12 conditions. Further assessment of the differences projected at EOC-12
between VDG and voltage independent growth is provided in Section 7.3.

7.2.2 POPCD POD: Leak Rate and Tube Burst Proba bilyfor EOC-12

The results of the DCPP POPCD calculations in Cases 4 and 5 are provided in Tables 7-5 and 7-
6 for voltage independent growth and VD growth, respectively. The independent voltage growth
rate calculations produced more conservative POB and leak rate results than the VD calculations,
with the voltage independent POB result exceeding the reporting threshold. Again, firther
assessment of these differences is provided in Section 7.3.

Sensitivity calculations for SG 2-4 were performed assuming that the normal 2.0-volt repair
criterion was executed at EOC- 1I in order to determine the benefit of the preventive plugging
that was in fact performed (Cases 6, 7, 8). The leak rate and POE results of these three cases are
provided in Table 7-7, and assessment of the results me provided in Section 7.3.

7.3 Discussion of Voltage Dependent Growth and DCPP POPCD Results for Cycle 12
Operaton alAssessments of SG 2-4

The intent of this evaluation is to assess the influence of DCPP POPCD and VDG on DCPP SG
2-4 EOC-12 SLB burst and leak rate projections. In particular, DCPP POPCD and VDG are
applied to assess the benefits of preventive plugging below the 2.0-volt ARC repair limit. DCPP
POPCD and VDG properly represent the voltage dependence of POD and growth and permit a
true assessment of the benefits of preventive plugging to the 1.2-volt repair limit applied for
Cycle 12.

The evaluation was performed for the limiting SG 24 at full cycle operation of 1.54 EFPY. For
analyses applying POD of 0.6 and 1.0 for R44C45, the R44C45 growth rate is included in the
analyses. The EOC-12 results for this assessment are given in Table 7-7 as pairs of results to
facilitate comparisons and the following discussion. Some results are repeated between the
different cases.
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Cases 2 and 4 together with 6 and 7 compare POD 0.6 and 1.0 for R44C45 with DCPP POPCD
for voltage growth independent of BOC volts. These Cases apply 1.2 and 2.0-volt repair limits
to assess the influence of preventive plugging with voltage independent growth. The benefits of
DCPP POPCD on POB are modest for these cases due to the low POPCD POD (less than 0.6)
below about 0.5 volt in conjunction with the large voltage growth rate for R44C45 included in
the analyses. About 40%/9 of the SG 2-4 as-found indications are below 0.5 volt The lower
DCPP POPCD POD below 0.5 volt results in a larger number of low voltage indications than
obtained with a POD of 0.6. Since voltage growth is postulated to be independent of BOC volts
for these cases, the large growth is applied to the low voltage indications, which leads to
significant contributions to burst and leakage that offset the benefits of POPCD at higher
voltages. Due to these effects, very little benefit of preventive plugging is seen for these cases
either with a POD of 0.6 and 1.0 for R44C45 or DCPP POPCD. Although POPCD provides the
appropriate voltage dependence for POD, the assumption of voltage independent growth, in
contrast to the actual voltage growth data, leads to fictitious conclusions on the benefits of
preventive plugging.

Cases 7 and 8 compare voltage independent and VDG for DCPP POPCD analyses with an
assumed 2.0-volt ARC repair limit. For the 2.0-volt repair limit, the use of VDG is seen to be
more conservative than voltage independent growth. Similarly, Cases 2 and 3 compare voltage
independent and VDG for POD of 0.6 and 1.0 for R44C45 analyses for the applied 1.2-volt ARC
repair limit. Comparison of Case 3 with Case 2 shows that the use of VDG with POD of 0.6 and
1.0 for R44C45 is extremely conservative. Similar conservatism would be expected for
applications of a POD of 0.6 with a 2.0-volt repair limit. In addition, Cases 6 and 8 compare the
GL 95-05 reference analysis with POD of 0.6 and 1.0 for R44C45 and voltage independent
growth with DCPP POPCD and VDG for a 2.0-volt repair limit. The POPCD analysis with
VDG for this case is seen to be more conservative for POB (0.0383 versus 0.0280, while leakage
is essentially no different). It is concluded that the use of VDG, including DCPP POPCD with
VDG, is conservative for ARC analyses applied at the required 2.0-volt repair limit.

Cases 4 and 5 compare voltage independent and VDG for DCPP POPCD analyses with the
DCPP-2 applied preventive repair limit at 1.2 bobbin volts. At the 1.2-volt repair limit, VDG is
less conservative thanz voltage independent growth. This is due to the 1.2-volt repair limit being
less than the lower voltage limit of 1.66 volts for the VDG upper growth bin. The largest growth
rates occur in the upper voltage growth bin in which no detected indications were left in service
at BOC-12 and the large growth rates are applied only to the small number of undetected
indications based on DCPP POPCD above about 1.66 volt Table 7-11 presents an "average"
BOC-12 distribution for SG 24 estimated from DCPP POPCD from 100k trials compared to the
calculated BOC-12 distribution using 0.6 and 1.0 for R44C45 POD. The differences between
these BOC distributions above the 1.2-volt repair limit are significant, due to the POD
differences. The number of flaws in the DCPP POPCD BOC-12 distribution >1.66 volts is less
than about 4 indications, which also has a large affect on the EOC-12 results. The EOC-12
results for these cases is summarized in Table 7-10 for all SGs. -Again, the differences between
the use of VDG using a 1.2-volt repair limit versus the 2.0-volt repair Emit can be seen by
comparing the number of EOC-12 indications predicted >10 volts in SG 24. The intent of the
preventive 1.2-volt repair limit was to plug the most probable indications having a potential for
large voltage growth, and only the DCPP POPCD analyses with VDG properly reflect the
benefits of preventive plugging.
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Cases 8 and 5 shows the effects of the preventive repair at 1.2 volts based on DCPP POPCD and
VDG. These two cases provide the best estimate of the true benefits of the 1.2-volt preventive
repair limit. Preventive repair reduces the SLB burst probability from 0.0383 to 0.0055 and the
SLB leak rate from 5.93 to 2.81 gpm at EOC-12.

The results of Table 7-7 show that VDG leads to more conservative operational assessment
results than voltage independent growth when applied at the GL 95-05 repair limit of 2.0 volts
with the POD of 0.6 and 1.0 for R44C45, or DCPP POPCD. For the required 2.0-volt repair
limit, DCPP POPCD with VDG is more conservative than the GL 95-05 reference analysis for
POD of 0.6 and 1.0 for R44C45 and voltage independent growth. Paragraph 2.b.2(2) of GL 95-
05 implies that 'voltage independent growth should be applied when the conservatism of this
approach continues to be supported by operating experience', which is not the case for DCPP-2
Cycles 10 and 11 operating experience. Therefore, VDG should be applied for DCPP-2 Cycle
12 analyses, even though less conservative results are calculated at EOC-12 compared to voltage
independent growth, for the preventive repair limit of 1.2 volts. VDG and DCPP POPCD are
essential to obtaining the best estimate of the true benefits of preventive plugging that occurred
at2Rll.

Upon NRC approval of the use of POPCD for DCPP-2 Cycle 12, the operational assessments
should be based on the application of POPCD with voltage dependent growth (i.e., Case 5 of
Table 7-7).

7.4 Summary and Conclusions

Utilizing the methods described in this report, DCPP has estimated at EOC-12 the conditions in
the Unit 2 SGs relative to axial ODSCC at TSP intersections. The results of the projections and
calculations perfonned in this report demonstrate that this degradation mechanism can continue
to be effectively managed and predicted during Cycle 12 using a voltage dependent POD
(POPCD) and a voltage dependent growth rate strategy.
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Table 7-1: DCPP Unit 2 2003 Outage (2RI1) Summary of Tube Integrity Calculations Performed
for Cycle 12

cycle
Case POD Growth Length Leak POB Repair limit

(EWY

1 NA NA NA Al SGs A1 SGs CM Calc for As-
found Conditions

2 0.6+1.0 for Independent 1.54 AU SGs All SGs 1.2 volts
R44C45 Growth _______

3 0.6 + 1.0 for VDG 1.54 Al SGs All SGs 1.2 volts
R44C45 _ _ _ _ _ _ _ __ _ _ _ _

4 DCPP POPCD Independent 1.54 All SGs AU SGs 1.2 volts
G rowth _ _ _____

5 DCPP POPCD VDG 1.54 A1l SGs AU SGs 1.2 volts

6 0.6 + 1.0 for Independent 1.54 SG 24 SG 2-4 2.0 volt repairR44C45 Growth limit assumption
7 DCPP POPCD Indepedent 1.54 SG 2-4 SG 24 2.0 volt repair

Growth limit assumption

8 DCPP POPCD VDG 1.54 SG 2-4 SG 2-4 2.0 volt repair
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ im it ass u m tio n



86-5029429-00
Page 104 of 117

Table 7-2: Case 1 - DCPP Unit 2 Rll
Summary of Calculations of Leak Rate and Burst Probability at EOC-Il

(As-found conditions appended by Lab Test Results)

SG21 SG22 SG23 SG24

Number of DOS Plus 35 I (4,

A0NDB ') 350 278 26398

Leak Rate (gpm) WA) 0.682 0.362 0.211 3.49

POB 1.1Sx10-3 5.66x1074 1.58x10 4 3.84x 10-3 0

Reporting Threshold 1.0 x o 2 | 10.5 gpm

Notes:
(1) Encludes AONDB assigned bobbin voltages.
(2) Ihe 95% Upper Confidence Limit (UCL) is based on the number of trials with one or more failures.
(3) Equivalent volunetric rate at room temperature.
(4) The calculated total leak rae reflects the upper 95M quantile value at an upper 95% confidence bound.
(5) For EOC-1I as-found conditions, the 21.5-volt flaw in R44C45 was removed from the distrilxution for Monte

Carlo leak and burst calculations. The POB result reflects he fbct that the mdication did NOT burst at SLB
conditions during lab testing. The 3A9 gpm leak rate result reflects the actual leak raft of the indication at SLB
conditions (0.28 gpni) during the lab testing added to the calculation result of 3.21 gpm, R35C57 was
conservatively retained in tie EOC-l I distribution for leak and burst even though the indication did NOT burst
at SLB conditions and leaked slightly during lab testing. .

(6) The reference leak limits (10.5 gpm for CM) considers conrdibutions fiom aoher ARCL Therefore otier ARC
Leak rates should be added to the results in this table to assess total leakage.
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Table 7-3: Case 2 - Leak Rate and Burst Probability at EOC-12 for 500k SimulatIons Using 0.6
PODJ1.0 for R44C45 and Independent Growvth

earn Number of Probability of Burst Rak
Stena Indications at 95% UCL

Generator EOC-12 Best Estimate (1 or More (gpm)
Failures)

SG21 545 5.71 x 10-3 5.89 x 10 3 1.26
SG22 435 4.06 x lo-, 4.21 x 103 0.90
SG23 406 3.56 x 10-' 3.70 x 10'3 0.75
SG24 1371 2.50 x 102 2.54 x 10 2 5.15

Reporting Threshold 1_ 0 x__ _lo-, 10

(1) Exceeds 1.O x 10 at -1.00 EFPYinto Cycle 12 (approximately April2004).

Table 7-4: Case 3 - Leak Rate and Burst Probability at EOC-12 for 500k Simulations Using 0.6
POD/1.O for R44C45 and VD Growth

(1) Excueds 1.0 x 10 at O.53 EFPY it Cycle 12 (approximately October2003).
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Table 7-5: Case 4 - Leak Rate and Burst Probability at EOC-12 for 500k SimulatIons Using
DCPP POPCD and Independent Growth

Steam Number of Probability of Burst SLB Leak
Generator Indications at 95% UCL

EOC-12 Best Estimate (1 or More (gpm)
Failures)

SG21 857 6.82 x 10 3 7.01 x 103 1.11

SG22 650 5.21 x 10-3 5.38 x 107 0.88

SG23 647 5.11 x 10 3 5.28 x 1i0 0.85
SG24 1578 2.38 x 10 2.42 x 102 3.23

Reporting Threshold 1.0 x 102 10.5

(1) Exceeds 1.0 x 10 at 1.13 EFPY into Cyle 12 (approximately May2004).

Table 7-6: Case 5 - Leak Rate and Burst Probability at EOC-12 for 500k Simulations Using
DCPP POPCD and VD Growth

Number of Probability of Burst SRX Leak
GeSteam Indications at 95% UCL
Generator EOC-12 Best Estimate (1 or More (gpm)

Failures)

SG21 857 8.88 x lo" 9.60 x lo-4 0.72

SG22 650 6.90 x 10'4 7.54 x 10'4 0.60
SG23 647 6.08 x 10-4 6.69 x 10 4 0.48
SG24 1578 5.35 x 10 3 5.52 x 10'3 2.81

Reporting Threshold 1.0 x 10o- 105
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Table 7-7: Comparisons of Leak Rate and Burst Probablity at EOC-12 for SG 2-4

Case POD Growth Repair SG 24 EOC-12
______ ___________ Limit Leak POB

2 0.6 +l.0 for Voltage Independent >1.2V 5.15 0.0254

4 pOCpPOPD Voltage Independent >1.2V 3.23 0.0242

6 0.6 +1.0 for Voltage Independent >2.OV 6.02 0.0280

7 POPCD Voltage Independent >2.OV 4.08 0.0267
DCPP

7 POPCD Voltage Independent >2.OV 4.08 0.0267
POND

S PP VDG >2.OV 5.93 0.0383

2 0.6 +1.0 for Voltage Independent >1.2V 5.15 0.0254
R44C45 ___ ___

3 0.6 +1.0 for VDG >1.2V 9.58 0.079g
- R44C45--

6 0.6+1.0 for Voltage Independent >2.OV 6.02 0.0280

DCPP
8 i)POP VDG >2.OV 5.93 0.0383

4 _ DCPP Voltage Independent >1.2V 3.23 0.0242
POPCD __ _ _ _ _ _ ___ _ _

5 POPCD VDG >1.2V 2.81 0.0055

S DCPP VDG >2.OV 5.93 0.0383

POPCD VDG >I.2V 2.81 0.0055

Notes:
* Caue is referred to as the GL 95- reference .
* Upon NRC approval of POPCD for DCPP-2 Cycle 12, the operational assessment should be based on Case 5.
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Table 7-8: EOC-12 Projected Distributions (DCPP POPCD)
.

-I'D m mnf -l -PD11 -V-. 1 VUf- . aa.A- A-0. U- Ua
- -.- . I-- - -.- -. I. - I-. -. -. .

-

SG 21 SG 11 SG 23 SG 24
t I

Voltage
Bin laId Growth VDG haG Id GrowthVDG VDs and Growth and Growth

0.1 1.01 1.12 0.63 0.69 0.82 0.90 0.43 OA8
0.2 20.58 22.66 13.12 14.4S 16.19 17.-4 9.83 11.19
0.3 68.85 65.13 45.90 43.93 52.40 49.06 47.92 46.87
0.4 125.52 111.48 £8.47 78.83 92.41 82.59 122.55 109.33
0.5 155A1 136.83 112.90 99.56 119.29 105.15 201.58 174.29
0.6 134.93 119.83 104.06 92.25 104.40 92.61 238.96 204.16
0.7 10343 95.14 81.38 74.46 82.68 75.36 219.77 190.75
0.8 70.84 74.63 57.02 59.01 54.78 56.27 173.17 167.69
0.9 43.55 54.46 3S47 43.08 33.18 40.15 121.07 138.54
1 27.67 40.13 22.71 32.24 20.14 21.78 79.97 110.45

1.1 19.24 30.09 15.91 24.91 13.34 20.90 55.01 87.37
1.2 14.32 22.01 12.02 18.72 9.69 15.17 41.64 68.02
1.3 11.74 16.16 9.83 13.80 7.89 11.44 34.76 51.63
14 9.74 11.71 8.16 10.01 6.50 841 31.57 38.57
1.5 7.91 8.22 6.69 6.95 5.27 6.08 28.27 28.02
1.6 6.37 6.24 5.43 5.11 4.22 4.71 23.83 20.56
1.7 5.19 4.77 4.42 3.87 3.43 3.S7 19.62 15.80
1.8 4.18 3.57 3.58 2.88 2.75 2.73 16.12 12A9
1.9 3.14 3.07 2.73 2.42 2.09 2.38 12.62 10.38
2 7 2.39 2.53 2.10 2.02 1.62 1.90 9A9 S.S6

2.1 2.00 1.98 1.72 1.57 1.34 1.54 7.29 7.20
2.2 1.93 2.16 1.60 1.63 1.31 1.68 6A8 6.42
2.3 1.76 2.03 143 1.58 1.18 1.49 6.37 6.07
2.4 1.50 1.68 1.24 1.30 1.00 1.31 6.24 5.17
2.5 1.36 1.67 I.15 1.28 0.88 1.29 6.12 4.74
2.6 1.18 1.58 0.99 1.23 0.76 1.17 5.59 4.74
2.7 0.95 1.51 0.82 1.15 0.61 I.15 4.69 4.56
2.8 0.80 1.42 0.77 1.09 0.60 1.07 3.S4 4.21
2.9 0.79 1.16 0.79 0.92 0.60 0.88 3.65 3.46

3 0.85 0.97 0.79 0.76 0.63 0.74 3.83 2.92
3.1 0.75 0.95 0.68 0.72 0.54 0.71 3.42 2.69
3.2 0.67 0.86 0.61 0.66 0.45 0.62 3.05 2.50
3.3 0.70 0.69 0.60 0.54 0.44 0.52 3.18 2.18
3.4 0.57 0.48 0.48 040 0.37 0.36 2.77 1.79
3.5 0.38 0.37 0.35 0.30 0.25 0.28 1.98 1.39
3.6 0.30 0.64 0.2 0.46 0.19 0.S 1.31 1.61
3.7 0.30 0.75 0.26 0.56 0.19 0.53 1.19 2.08
3.8 0.32 0.64 0.26 0.49 0.21 0.50 1.29 1.96
3.9 0.33 0.56 0.27 044 0.21 043 1.28 1.73
4 0.30 0.52 0.25 040 0.19 0.39 1.20 1.60

4.1 0.25 0.52 0.22 0.39 0.16 0.38 1.08 1.62
4.2 0.18 0.59 0.17 0.43 0.12 045 0.88 1.65
4.3 0.22 0.58 0.19 0.44 0.13 0.43 1.05 1.53
4.4 0.31 0.56 0.24 0.43 0.19 042 1.42 1.36
4.5 0.29 043 0.24 0.34 0.19 0.32 1.31 1.16
4.6 0.28 0.31 0.24 0.24 0.17 0.24 1.20 0.87
4.7 0.29 029 0.24 0.23 0.18 0.21 1.29 0.62
4.8 0.23 0.31 0.20 0.24 0.15 0.23 1.12 0.54
4.9 0.20 0.27 0.18 0.21 0.12 0.20 1.03 0.61

5 0.23 0.18 0.19 0.I5 0.14 0.14 1.16 0.53
6 0.55 0.33 0.49 0.28 0.39 0.23 3.27 1.25
7 0.06 0.01 0.05 0.00 0.05 0.00 0.43 0.04
8 0.02 0.00 0.01 0.00 0.01 0.00 0.11 0.01
9 0.01 0.00 0.00 0.00 0.00 0.00 0.03 0.00

10 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

>10 0.02 046 0.02 0.35 - 0.01 035 0.16 1.62

Total 856.38 857.22 650.51 650.37 647.06 646.76 157146 1577.89
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Table 7-9: EOC-12 Projected Distributions (POD 0.6/1.0 for R44C45)

EOC-12 _ Pre d Ditributions with POD GA - Cyce 12 V*G v. b nendent Growth

SG 21 SG 22 SG23 8G 24

Voltage1jI
Bin VDG Ind Growth VDG Ind Growth VDG Ind Growrh VDG Ind Growth

0.1 0.11 0.20 0.11 0.12 0.15 0.16 0.07 0.08
0.2 434 4.78 2.86 3.15 3.30 3.64 226 2.57

0.3 18.48 18.43 12.95 13.07 13.60 1343 14.20 14.13

0.4 43.94 40.14 32.47 29.77 31.92 29.57 43.66 45.04

0.5 67.71 6030 51.28 4S.S4 53.16 4735 99.56 17.75

0.6 78.05 68.65 62.03 54.62 61.64 54.22 148.36 126.90

0.7 72.20 64.75 58.48 52.35 57.82 5125 164.19 141.51

0.8 56.09 S8.32 46.08 47.16 43.22 4343 144.81 141.60

0.9 38.69 48.27 32.08 38.76 28.97 34.19 112.51 131.54
1 26.45 37.69 22.26 31.24 18.72 26.24 32.29 114.73

1.1 19.44 29.04 16.57 25.11 13.12 1930 61.33 95A6

1.2 15.60 22.45 13.36 19.11 10.28 14.97 48.11 77.18

1.3 13.56 17.34 11.50 15.21 8.92 11.8S 42.34 61.03
14 11.86 1336 9.91 II40 7.85 9.3S 39.70 47.81
1.5 10.16 10.05 A843 3.24 6.79 7.30 37.11 37.19

1.6 1.67 7.50 7.16 5.92 5.83 5.65 33.04 29.16

1.7 7.28 5.67 5.98 4.31 4.9 40 28.69 23.57

1.8 5.97 4.27 4.91 3.30 4.13 3.SO 24.53 19.64
1.9 4.68 3.35 3.88 2.63 3.32 2.86 20.23 16.74

2 3.6S 2.73 3.04 2.20 2.65 2.40 16.29 14.57

2.1 3.01 2.21 2.47 1.81 2.21 2.01 13.33 12.56

2.2 2.75 1.90 2.19 1.59 2.03 1.75 11.79 10.84

2.3 249 1.75 1.97 1.49 1.86 1.56 11.10 9.72

24 2.18 1.52 1.76 131 1.62 1.38 10.65 8.65

2.5 .99 1.39 1.64 1.21 1.3 1.21 10.27 7.69

2.6 1.74 1.32 1.44 1.13 125 1.08 9.43 7.12

2.7 1.44 1.26 1.23 1.03 1.03 1.00 1.15 6.68

2.8 1.26 1.22 1.07 0.96 0.89 0.93 6.76 6.29

2.9 1.27 1.13 1.03 0.86 0.86 0.U4 6.17 S.67

3 132 1.03 1.04 0.74 0.90 0.74 6.32 5.04

3.1 1.19 0.96 0.93 0.66 0.82 0.67 5.87 4.56

3.2 1.06 0.90 0.Q5 0.60 0.70 0.61 536 4.19

3.3 1.06 0.81 0.13 0.52 0.68 0.55 541 3.78

34 0.89 0.69 0.68 0.4 0.59 0.46 4.83 3.35

3.5 0.65 0.58 0.53 0.37 043 0.38 3.74 2.90

3.6 0.54 0.56 0.43 0.35 0.35 0.36 2.32 2.63

3.7 0.54 0.61 0.40 040 0.35 0.40 2.59 2.70

3.8 0.55 0.51 0.41 0.39 0.36 0.41 2.75 2.68

3.9 0.57 0.53 0.44 0.3S 0.38 0.38 2.33 2.52

4 0.54 0.49 0.44 0.36 0.37 0.35 2.84 2.35

4.1 0.48 0.47 0.42 0.34 0.35 0.33 2.77 2.26

4.2 041 0.47 0.37 033 0.32 033 2.57 224

43 0.44 0.46 0.40 0.35 0.34 033 2.79 2.16

4.4 0.54 0.45 0.4S 0.34 0.41 0.33 3.28 2.02

4.5 0.52 0.43 0A4 033 0.40 030 3.21 1.9

4.6 0.49 0.36 0.44 0.28 0.36 0.26 3.08 1.72

4.7 0.49 0.32 043 02S 036 0.21 3.14 1.51

4.8 042 0.31 0.37 0.23 031 0.19 2.89 1.33

4.9 0.39 0.29 0.34 0.21 0.27 0.18 2.73 1.28

5 0.44 0.25 0.35 0.19 0.29 0.15 2.86 1.22

6 2.36 125 - 1.69 0.74 1.61 0.43 16.37 7.31

7 1.50 0.76 1.09 0.36 1.07 0.04 10.17 2.61

8 1.02 0.38 043 0.19 0.37 0.01 5.17 0.17

9 0.58 0.11 0.30 0.05 0.13 0.00 2.58 0.27

I0 0.40 0.03 0.19 0.01 002 0.00 1.36 0.08

>10 0.S1 031 0.49 0.24 027 0.22 3.99 .43

Trotl , 54535 S4535 43534 [ 43535 40638 40638 1371.04 1371.05
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Table 7-10: Comparison of VD versus Independent Growth and 1.2v versus 2.Ov Repair
Strategies

Comparison of 2R12 Projected Voltages
Using VD Growth

SG 2-1 SO 2-2 SG 2-3 S 2-4
Voltage
Category POPCD POD 0.6 PO POD 0.6 PoPCD POD 0.6 POPCD D 0.6 POPCD

Projected Projected Projectd Projected PD062v RL

<lV 751.80 406.13 561.66 320.61 S76.29 312.50 1215.23 816.99 1236.19

>Iv 105.09 139.22 88.86 114.73 70.77 93.87 363.23 554.04 486.25

>2v 20.87 38.34 17.99 29.99 13.97 26.00 90.30 201.97 162.49

>5v 0.65 6.67 0.57 4.18 0.47 3.48 4.01 39.64 16.69

>10 0.02 0.81 0.02 0.49 0.01 0.27 0.16 3.99 1.92

AU 856.88 545.35 650.51 435.34 647.06 406.38 157S.46 1371.04 1722.45

Comparison of 2R12 Projected Voltages
Using Independent Voltage Growth

SG2-1 802-2 SG 2-3 SO 2-4

Voltage
Cageo PP POPCD POPCD POD PPOPC P POX pD POD 0.6

CtgrPOO6Projected POD rj 0.6 PojPCtd POD 0.6 cdte POD 0.6 2v EL 2V RL

<IV 72139 401.51 538.50 316.10 548.71 304.18 1153.76 806.56 1174.56 827.74

>lV 135.82 143.84 111.88 119.25 98.05 102.20 424.13 564.49 547.34 687.30

>2v 27.45 28.08 21.20 21.04 20.76 20.41 82A3 142.14 125.48 185.27

>Sv 0.80 2.84 0.63 1.59 0.58 0.71 2.92 12.57 4.03 13.69

>10 0.46 0.31 0.35 0.24 0.35 0.22 1.62 1.43 1.77 1.58

AM 857.22 545.35 650.37 435.35 646.76 406.38 1577.89 1371.05 1721.90 1515.05
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Table 7-11: Estimated BOC-12 Distribution for SG 24 Using POPCD

Voltage As-Found DCPP Repaired Calculated OC412
Bin EOC-lI POPCD Tubes BOC-12 POD0 6
0.1 = -
0.2 14 129.66 1 128.66 22.33
0.3 91 355.35 8 347.35 143.67
0.4 135 332.1 13 319.1 212
0.5 139 260.44 15 245.44 216.67
0.6 106 167.47 11 16.47 165.67
0.7 94 132.76 13 119.76 143.67
0.8 S1 105.94 6 99.94 129
0.9 60 74.32 7 67.32 93
1 33 39.27 5 34.27 S0

1.1 22 25.41 2 23.41 34.67
1.2 26 29.35 3 26.35 4033
1.3 20 22.17 20 2.17 13.33
1.4 18 19.67 18 1.67 12
1 5 12 12.96 12 0.96 a
1.6 16 17.12 16 1.12 10.67
1.7 16 16.99 16 0.99 10.67
1.8 12 12.66 12 0.66 S
1.9 10 10.49 10 0.49 6.67
2 9 9.4 9 0.4 6

2.1 1 1.04 I 0.04 0.67
2.2 2 2.07 2 0.07 133
23 6 6.2 6 0.2 4
2.4 8 8.24 8 0.24 5.33
2.5 3 3.08 3 0.08 2
2.6 3 3.08 3 0.08 2
2.7 3 3.07 3 0.07 2
2.8 2 2.04 2 0.04 133
2.9 4 4.08 4 0.08 2.67
3 3 3.06 3 0.06 2

3.1 2 2.03 2 0.03 133
3.2 1 1.02 1 0.02 0.67
3.3 2 2.03 2 0.03 133
3.4 3 3.04 3 0.04 2
3.5 1 1.01 I 0.01 0.67
3.6 1 1.01 I 0.01 0.67
3.7 0 0
3.S 2 2.02 2 0.02 1.33
3.9 0 0
4 0 0

4.1 1 1.01 I 0.01 0.67
4.2 2 2.02 2 0.02 133
4.3 1 1.01 I 0.01 0.67
4.4 I 1.01 I 0.01 0.67
4.5 1 1.01 I 0.01 0.67
4.6 1.01 1 0.01 0.67
4.7 1 1.01 I 0.01 0.67
48 0 0
4.9 1 1.01 I 0.01 0.67
5 3 3.02 3 0.02 2.00
6 6 6.03 6 0.03 4
7 2 2.01 2 0.01 133
9 0 0
9 0 0O
10 a 0 _ _ _

1 1 0 0 _ _ _ _ _ _ _

12 0 0
13 0 0
14 0 0
15 0 0

>20 1 1.0003 1 0003 0
Tosal 982 1842.8 265 1577.|0 sit
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Figure 7-1: SG 2-1 EOC-12 Projected Voltage Distributions Using VDG

Voltage Distributions Projected at EOC-12 for SG 241
Using Cycle 12 VDG
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Figure 7-2: SG 2-1 EOC-12 Projected Voltage Distributions Using Independent Growth

Voltage Distributions Projected at EOC-12 for 8G 2-1
Using Cycle 12 Independent Growth
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Figure 7-3: SG 2-2 EOC-12 Projected Voltage Distributions Using VDG

Voltage Distributions Projected at EOC-12 for SG 2-2
Using Cycle 12 VOG
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Figure 7-4: SG 2-2 EOC-12 Projected Voltage Distributions Using Independent Growth

Voltage Distributions Projected at EOC-12 for SG 2-2
Using Cycle 12 Independent Growth
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Figure 7-5: SG 2-3 EOC-12 Projected Voltage Distributions Using VDG

Voltage Distributions Projected at EOC-12 for SG 243
Using Cycle 12 VDG
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Figure 7-6: SG 2-3 EOC-12 Projected Voltage Distributions Using Independent Growth

Voltage Distrlbutons Projected at EOC-12 for SG 243
Using Cycle 12 Independent Grmth
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Figure 7-7: SG 2-4 EOC-12 Projected Voltage Distributions Using VDG

Voltage DistrIbutions Projected at EOC12 for SG 2-4
Using Cycle 12 VDG
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Figure 7-8: SG 2-4 EOC-12 Projected Voltage Distributions Using Independent Growth

Voltage Distributions Projected at EOC-12 for 8G 24
Using Cycle 12 Independent Growth
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Comparison of Diablo Canyon 2 Data
with Existing ARC Correlations

1.0 Comparison of Additional Data with Existing ARC Correlations

This document reports on the evaluations performed using the results of leak rate and burst testing of the
tube sections which were removed from Diablo Canyon Unit 2 in 2003 (SG 4, R35C57 and R44C45,
TSPs I and 2). The destructive examination of the tubes was performed by Framatome Advance Nuclear
Products (FANP) in Lynchburg, Virginia. A draft of the examination was provided to Westinghouse as
Reference 1. The results from the leak tests of the indications were obtained from Reference 2 and the
results from the destructive examinations, i.e., burst and tensile test results, were obtained from Reference
3. Bobbin amplitudes for the indications were obtained from Reference 4. The Diablo Canyon 2 pulled
tube data germane to the alternate repair criteria (ARC) correlations, the material properties, leak rate and
burst pressure characteristics, and the ODSCC indications bobbin amplitudes for ARC applications, are
listed in Table 1. The reported leak test values result from adjusting the test data to reflect the pressure and
temperature conditions of interest relative to the conditions that existed at the time the actual measurement
was taken. The results from the burst and leak tests were compared to the database of similar test results for
7/8" outside diameter steam generator tubes. In addition, the effect of including the new test data in the
reference database on the correlations used for the evaluation of outside diameter stress corrosion cracking
(ODSCC) indications at tube support plate (TSP) elevations was evaluated. In summary, the test data are
consistent with the database relative to the burst pressures, and the probability of leak as a function of the
bobbin amplitude. One of the indications exhibited significant leakage relative to that expected at
postulated steam line break (SLB) conditions, leading to a meaningful effect on the ODSCC leak rate
correlations as well as nontrivial effect on the probability of leak (POL) correlation. The comparisons and
evaluations are discussed in the following sections.

The reference database for comparison consisted of the data reported in Reference 5, the most recent
addendum to the original ODSCC ARC report of Reference 6. Addendum 5 contains a complete listing ofthe
current database, inclusive of prior addenda. It is noted that there were no leak rate data for 7/8" diameter tubes
added to the database by Addenda 3 and 4; leak rate data from two plants were added to the database as
documented in Addendum 5. The examination of the tube sections removed from Diablo Canyon 2 adds two
data points to each of the regression analyses, burst pressure, probability of leak, and leak rate as a function of
bobbin amplitude.

2.0 Suitability for Inclusion In the Database

The report information on the destructive examinations of the tube sections was reviewed relative to the
EPRI guidelines for inclusion/exclusion of tube specimen data in the ARC database. This review revealed
no morphology or other information that would lead to a conclusion that the data should not be included in
the database. Therefore, the resulting correlations should be considered applicable to the use of ARC for
indications in 7/8" diameter tubes in Westinghouse SGs. As previously noted, the results from the leak tests
were adjusted for use in the database. The leak rate values reported in Table 1 reflect the results of the
adjustments to match the conditions used for the rest of the database.
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3.0 Burst Pressure versus Bobbin Amplitude

The result from burst tests, performed on both tube specimens which exhibited a non-zero bobbin
amplitude at a TSP elevation location, were considered for evaluation. The measured burst pressures of the
Diablo Canyon 2 tube specimens are depicted on Figure 1 and Figure 2 relative to the burst pressure
correlation developed using the Reference 5 database. Figure 1 illustrates the results relative to a 90%
tolerance band expected for future test results. The following observations are apparent from an
examination of that figure:

1. A visual examination of the data relative to the EPRI database indicates that the measured burst
pressures fall within the scatter band of the reference data.

2. The data points for both of the indications fall within the 95% confidence band for 90% of the
population about the regression line (5% in each tail), hence no statistical anomaly is indicated.

The net result is that the visual examination of the plot of the data indicates that there is no significant
departure from the reference database. Based on the placement of the new data it may be judged that there
would be no significant effect on the analysis of the residuals of the regression; either on the scatter plot of
the residuals as a function of the predicted burst pressures or on the normal probability plot of the
residuals.

Since the Diablo Canyon 2 burst pressure data were not indicated to be from a separate population from the
reference data, the regression analysis of the burst pressure on the common logarithm of the bobbin
amplitude was repeated with the additional data included. A comparison of the regression results obtained
by including these data in the regression analysis is provided in Table 2. Regression predictions obtained
by including these data in the regression analysis are also shown on Figure 2. A summary of the changes is
as follows:

1. Intercept - The intercept of the burst pressure, PB, as a linear function of the common logarithm
of the bobbin amplitude regression line is decreased by 0.1%, or about 8 psi. This has the effect of
decreasing the predicted burst pressure as a function of the bobbin amplitude for small amplitudes.
Although there is a tendency to decrease the value of the structural limit slightly, an examination of
the figure reveals that the practical effects of the change are negligible.

2. Slope - The absolute slope of the regression line is increased by 0.7%, i.e., the slope is steeper
with the additional data. This has the effect of decreasing the burst pressure as a function of bobbin
amplitude for large indications. As with the change in the intercept, the tendency is to decrease the
value of the structural limit, but the practical effect of the slope change is negligible.

3. Standard Error - There is an decrease in the standard error of the residuals of 0.4%. The effect of
this change is reflected in a slightly smaller deviation of the 95% prediction line from the regres-
sion line, leading to a tendency to decrease the calculated value of the structural limit and
insignificant changes in the probability of burst for a given voltage level. The tendency to increase
the structural limit does not compensate fully for the decrease effected by changes in the intercept
and slope.

The net effect of the changes on the 2560 psi differential pressure SLB structural limit (found as 1.4-AP),
using 950/o/95% lower tolerance limit material properties, is to decrease it by 0.2 V (to 7.5 V). The
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corresponding change on the 2405 psi structural limit is a 0.2 V reduction (to 9.5 V). The decrease of the
intercept and slope and the increase in the standard error leads to small changes in the expected probability
of burst. Given the relatively small change in the structural limit, the change in the probability of burst
would also be expected to be small. Predicted values of the probability of burst of a single indication as a
function of the bobbin amplitude are illustrated on Figure 3. The probability of burst is reduced slightly up
to an amplitude of about 1.0 V. Beyond that value the probability of burst is increased by a maximum of
8% at an amplitude of 12 V, beyond the effective range of interest.

4.0 Probability of Leak

The Diablo Canyon 2 data were examined relative to the reference correlation for the POL as a function of
the common logarithm of the bobbin amplitude. Figure 4 illustrates the Diablo Canyon 2 data relative to
the reference correlation. The lower amplitude specimen had a calculated POL of 52% and it leaked. The
POL for the higher amplitude indication was calculated to be 0.99 and the indication leaked. There is no
implication of irregular results, i.e., outlying behavior is not indicated.
In order to assess the quantitative effect of the new data on the correlation curve, the database was
expanded to include the two Diablo Canyon 2 data points and a Generalized Linear Model regression of
the POL on the common logarithm of the bobbin amplitude was repeated. A comparison of the regression
parameters with those for the reference database is shown in Table 3. These results indicate:

1. Intercept - A 1.0% reduction in the absolute value of the logistic intercept parameter. Since the
intercept is negative, this increases the intercept slightly.

2. Slope - A 1.2% increase in the logistic slope parameter.

3. Variance/Covariance - The values of the elements of the covariance matrix of the parameters
changed from 1.6 to 3%. Examination of Figure 4 indicates that there is a very slight increase in
the POL in the range of about 1.5 to 20 V. However, the POL is of secondary importance in
determining the total estimated leak rate and the effect on predicted 95" percentile values would be
expected to be small.

4. Mean Square Error - The mean square error (deviance divided by number of degrees of freedom)
increased by 2.4%. The deviance increased, however this is expected when data is added to the
database because the deviance is akin to the error sum of squares. The Pearson standard deviation
increased slightly from 57.9 to 59.4%. The ideal value for this indicator is unity, hence the change
is insignificant.

In order to confirm the judgment that the changes are not significant, the reference correlation and the new
correlation were also plotted on Figure 5 and Figure 6. The predicted POL for an indication with an
amplitude of 0.1 V decreases by about 3%, increases by 8% for amplitudes slightly less than 2 V, increases
by about 0.5% at 10 V, and the change is essentially nil at 20 V, see Figure 6. As noted, when the total leak
rate is determined using the leak rate to bobbin volts correlation, the result is usually quite insensitive to
the form of the POL function. So, the effect of the changes in the parameter values and variances would be
expected to be small or immaterial relative to the calculation of the 95% confidence bound of the total leak
rate from a SG.
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5.0 Leak Rate vs. Bobbin Amplitude

The test leak rate values are listed in Table I for the tested specimens. The leak rate tests were performed at
ambient conditions and the results adjusted to postulated accident conditions using the methodology
described in Appendix B of Reference 6. The effect of the test results on the correlation parameters of the
log leak rate to log bobbin voltage are listed in Table 4 for a differential pressures of 2560 and 2405 psi
respectively. The inclusion of the Diablo Canyon data tends to reverse the effect of data included for the
Addendum 5 update to the database, where two indications leaked more than expected based on the
previous regression analysis. The changes due to the additional data are as follows (described for two
values of the differential pressure associated with a postulated steam line break event):

1. Intercepts - The intercepts of the regression equations decreased in absolute value by 144 and
24% for postulated SLB event differential pressures of 2560 and 2405 psi respectively.

2. Slopes - The slopes of the regression equations increased by 16 and 14% for differential
pressures of 2560 and 2405 psi respectively.

3. Standard Error Values - The standard deviations of the log leak rate prediction errors as a
function of the log bobbin amplitude were essentially unchanged.

4. p Value - The one-sidedp value for the correlation at a differential pressure of 2560 psi
decreased from 7.6% to 4.3%, while the change for a AP of 2405 psi was from 2.3 to 1.0%. In
other words, the one-sided 95% confidence interval for the population slope for the correlation of
log leak rate to log bobbin amplitude does not include zero for either differential pressure of
interest.

Figure 7 illustrates the results from the tests of the leaking specimens relative to the database for a
differential pressure of 2560 psi. Figure 8 provides a similar illustration for a differential pressure of
2405 psi. Both figures illustrate the effect of the added data points on their respective fitted regression lines
(the median of the log-normal distribution) and on the expected leak rate (the mean of the log-normal
distribution). The net effect of adding the results is a decrease in the predicted leak rates for bobbin
amplitudes up to about 10 V, regardless of the differential pressure of consideration, with a slight increase
thereafter.

A scatter plot of the residuals of the regression analysis for a SLB differential pressure of 2405 psi is
provided on Figure 10. A normal plot of the residuals is provided on Figure 11. Both of the charts are
confirmatory of assumptions made in performing the regression analysis, i.e., the residual log leak rates are
independent of the predicted log leak rates, and the residuals log leak rates approximate a normal
distribution. Finally, an illustration of the combined effect of the added data on the POL and leak rate is
provided by the ratio information presented on Figure 12.

The implication of the change in thep value is that an decreased number of Monte Carlo simulations will
be performed considering that there is no correlation of the log leak rate to the log bobbin amplitude. The
effects of the uncorrelated test data on the database itself are also listed in Table 4 for SLB differential
pressures of 2560 and 2405 psi. The mean of the log leak rate data is increased by 3% for differential
pressures of interest. The standard deviation of the log leak rate data increased by 1% for a AP of 2560 psi,
and 2% for 2405 psi.
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6.0 Consideration of EdF Data

A commitment was made by the industry prior to the preparation of Reference 3 that future updates of the
ODSCC ARC database would include the results of consideration made to determine if statistical findings
regarding the French data remained valid with the inclusion of new data. The original statistical findings
were that there existed a systematic bias in the French data that resulted in a regression curve with a
significantly higher intercept than the US data. Since the inclusion of the Diablo Canyon 2 data actually
reduces the intercept of the regression curve, even though the reduction is slight, the previous statistical
findings remain valid. The French data also included indications with large bobbin amplitudes that did not
leak at SLB differential pressures. Since both of the Diablo Canyon 2 indications leaked, the occurrence
associated with the French data continues to be counter to the corresponding experience with US data. In
summary, the decision to exclude the French data from consideration for the analysis of US plants is
supported by the Diablo Canyon 2 data.

7.0 General Conclusions

The review of the effect of the Diablo Canyon 2 data indicates that the burst pressure and the probability of
leak correlations to the common logarithm of the bobbin amplitude are slightly changed by the inclusion of
the test data. Therefore, it is likely that the conclusions relative to EOC probability of burst would not be
significantly affected by the addition of the Diablo Canyon 2 data. This was illustrated on Figure 3.
The effect of the data on the 95t percentile of the total leak rate when only the POL is considered would
also likely be small. However, the effect of the test data on the 95th percentile of the total leak rate is
expected to lead to significant reductions due to changes in the regression parameters of the log of the leak
rate as function of the log of the bobbin amplitude. Finally, it is noted that thep value for the regression of
the log of the leak rate on the log of the bobbin amplitude is reduced to a value less than 5%.
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Table 1: Analysis Properties of the DCPP 2 Pulled Tube
Sections for Inclusion in the ODSCC ARC Database

Tube Bobbin Yield + Burst Probability Leak Rate Leak Rate
Section Amplitude Ultimate Pressure of Leak at at 2405 psi at 2560 psi

(Volts) l (ksi) 2 - (ksi) SLB (Iph) I (]ph) I

R35C57-2H NDD 163.546 12.724 N/A N/A N/A
R44C45-2H NDD 154.186 12.235 N/A N/A N/A
R35C57-2H 5.09 163.546 5.950 1 0.54 1.59
R44C45-211 21.50 154.186 4.212 1 62.9 91.4
Notes:
I. Locations with an amplitude of NDD are included for information only.
2. The value of Sy+Su is rounded to one decimal place for use in the regression analyses. The

mill test reported (CMTR) values were 152 and 150 ksi respectively.
3. Leak rates were measured at room temperature and adjusted to accident conditions using

the procedure described in Appendix B of Reference 6.
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Table 2: Effect of Diablo Canyon 2 Data on the 7/8" Tube
Burst Pressure vs. Bobbin Amplitude Correlation

PB = ao +a, log(Volts)

Parameter Addendum 5 Addendum 5+ New / Old
Database(') Database Ratio

Intercept, ao 7.49325 7.48475 0.999

Slope, a, -2.37741 -2.39502 1.007

r2 79.2 % 79.6 % 1.005

Std. Dev., E, 0.88616 0.88248 0.996

Mean Log(V) 0.291958 0.306657
SS of Log(k) 50.2333 51.4665

N(data pairs) 97 99
Structural Limit (2560 psi)(2) 7.67 V 7.54 V 0.982

Structural Limit (2405 psi) (2) 9.62 V 9.45 V 0.984
p Value for a, (3) .9-103 1.4-10-35 0.074

Reference of 68.78 ksi(4)

Notes: The number of significant figures reported simply corresponds to the output
from the calculation code and does not represent true engineering significance.

(1) Slight departures from the published values in Reference 3 are due to a
refinement in the analysis to apply consistent rounding of the strength values
to a single decimal place prior to performing the regression analysis.

(2) Values reported correspond to applying a safety factor of 1.4 on the
differential pressure associated with a postulated SLB event.

(3) Numerical values are reported only to compare the calculated result to a
criterion value of 0.05. For such small values the relative change is
statistically meaningless.

(4) This is the flow stress value to which all data was normalized prior to performing the
regression analysis.
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Table 3: Effect of Diablo Canyon 2 Data on the
Probability of Leak Correlation

Pr(Leak) = I

Parameter Addendum 5 Addendum 5+ [ New / Old
Database Database Ratio

Intercept, J31 -5.1017 -5.0503 0.990

Slope, 32 7.3483 7.4342 1.012
VI1 1.3742 1.3299 0.968

V12 -1.7365 -1.7253 0.994
V22 2.6428 2.6861 1.016
DoFvI 113 115

Deviance 30.21 31.47 1.042

Pearson SD 0.579 0.594 1.026
MSE 0.267 0.274 1.024

Notes: (1) Parameters Vy are elements of the covariance matrix of the
coefficients, Pi, of the regression equation.

(2) Degrees of freedom.
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Table 4: Effect of Diablo Canyon 2 Data on the 7/8" Tubes
Leak Rate vs. Bobbin Amplitude Correlation (2560 & 2405 psi)

Q = 1 O[b0 +b41og(Volts)]

Parameter Addendum 5 Addendum 5+ Effect
Database Value Database Ratio

SLB AP = 2560 psi

Intercept, b3 -0.069101 -0.168379 2.44

Slope, b4 0.716972 0.832018 1.16

Index of Deter., r2 7.5 % 9.9 % 1.32

Std. Error, aError (b5) 0.810766 0.807234 1.00

Mean of Log(Q) 0.72205 0.74522 1.03

Std. Dev. of Log(Q) 0.82764 0.83604 1.01

p Value for b4 7.6% 4.3% 0.56

SLB AP = 2405 psi

Intercept, b3 -0.534841 -0.664317 1.24

Slope, b4 0.969885 1.106101 1.14

Index of Deter., r2 14.0% 17.5% 1.25

Std. Error, cE,,or (b5) 0.772839 0.772757 1.00

Mean of Log(Q) 0.53539 0.55024 1.03

Std. Dev. of Log(Q) 0.81822 0.83625 1.02

p Value for b4 2.3% 1.0% 0.42

Common Data

Data Pairs, N 29 31 J
Mean of Log(V) 1.10347 1.09805 j
SS of Log(V) 2.78407 2.99300

Note: The number of significant figures reported simply corresponds to
the output from the calculation code and does not represent true
engineering significance.
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Burst Pressure vs. Volts for 7/8" Alloy 600 SG Tubes
Additional Data, Reference of = 68.8 ksi @ 650'F
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Figure 1: Comparison of additional test data to database tolerance bounds.

Burst Pressure vs Volts for 7/8" OD Alloy 600 SG Tubes
Reference Database, Reference of = 68.8 ksi @ 650'F
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Figure 2: Effect of additional data on the burst pressure correlation.

11 of 16
C~dubopIvp\PErl-1-oc W23/03



LTR-SGDA-03-83

Probability of Burst of 7/8" SG Tubes During SLB,
Effect of Additional Data, AP = 2405 psi
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Figure 3: Effect of additional data on the probability of burst at 2405 psi

Probability of Leak vs. Bobbin Amplitude
7/8" x 0.050" SG Tubes, Effect of Inclusion of New Data
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Figure 4: Effect of the additional data on the probability of leak correlation
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Comparison of Probability of Leak Curves
7/8" x 0.050" Alloy 600 MA SG Tubes

X 0.1

Q-o 0.1

0

= 0.01
.0co

0.001 --
0.001 0.01 0.1

Database Addendum Probability of Leak

Figure 5: Change in the POL by the addition of the new data.
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Figure 6: Ratio of after to before POL as a function of bobbin amplitude.
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SLB Leak Rate (2560 psi) vs Bobbin Amplitude
7/8" x 0.050" Alloy 600 MA Tubes
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Figure 7: Effect of additional data on the leak rate at 2560 psid

SLB Leak Rate (2405 psi) vs Bobbin Amplitude
7/8" x 0.050" Alloy 600 MA Tubes Data
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Figure 8: Effect of the additional data on the leak rate at 2405 psid
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SLB Leak Rate (2405 psi) vs Bobbin Amplitude
7/8" x 0.050" Alloy 600 MA Tubes Data
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Figure 9: Net effect on combined POL & leak rate at 2405 psid

Residual vs. Predicted Log-Leak Rates
for 7/8" Diameter SG Tubes, AP = 2405 psi
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Figure 10: Residual scatter plot for SLB AP of 2405 psi.
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Expected vs. Observed Residual Log-leak Rates
Reference Database for 7/8" Diameter SG Tubes, AP = 2405 psi
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Figure 11: Residual normal plot for SLB AP of 2405 psi.

Effect of Added Data on Expected Leak Rate
7/8" x 0.050" Alloy 600 MA SG Tubes, AP = 2405 psi
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Figure 12: Ratio of expected leak rate as a function of amplitude.

16 of 16
C-.~ktopp m\PGE o3-41 do- 06M1/03



Enclosure 4
PG&E Letter DCL-03-076

SPECIAL REPORT 03-02

ATTACHMENT 2 TO ENCLOSURE 4

WESTINGHOUSE REPORT
"VOLTAGE DEPENDENT GROWTH BIN WIDTH DETERMINATION"



Voltage Dependent Growth
Bin Width Determination

1.0 Introduction

The application of growth rates to predict end-of-cycle (EOC) voltage distributions from
beginning-of-cycle (BOC) amplitude distributions for the evaluation of outside diameter stress
corrosion cracking (ODSCC) of steam generator (SG) tubes is described in Reference 1. It is
recognized therein that the growth rate of the degradation may depend on the current size of the
indication, i.e., the growth of an indication during one cycle of operation can depend on the size or
amplitude at the beginning of the cycle. Utilities employing alternate repair criteria (ARC) for the
disposition of ODSCC indications at tube intersections with drilled tube support plate (TSP) holes
in Westinghouse SGs are advised to be alert for the appearance of voltage dependent growth
(VDG). It is further recommended that use of VDG techniques be considered in the Monte Carlo
analyses performed to predict distributions of indications that may be present at the end of the next
operating cycle.

The Monte Carlo simulation of the growth of tube degradation indications is accomplished by
randomly sampling the empirical distribution function (EDF) of the observed growth rates from
previous operating periods (guidelines for the analysis are provided in Reference 1). If VDG is
suspected, the data may be separated to form an EDF for low voltage indications and one or more
independent EDFs for higher voltage indications. The existing practice has been for an engineer
familiar with the analysis to make a judgment from an examination of the data as to where the
demarcation points should be between voltage growth regions. The purpose of this document is to
describe a mathematical method that can be applied to determine where the demarcation locations
should be based on the data being analyzed. This allows for the growth data to be "binned"
according to a mathematical indicator, albeit weak, of where the growth rates are changing.

Analyses were performed of tube ODSCC growth data for SG 2-4 at Diablo Canyon, Reference 2,
to identify appropriate breakpoints for the performance of the operational assessment for the SG
tubes. The analyses performed result in the identification of appropriate breakpoints for the
performance of EOC predictions for Cycle 12

The rationale for the method is to minimize the sum of squares of prediction errors (SSE) from
multiple linear regression relations of the growth data by adjusting the locations where one
regression line would transition into another regression line. It is emphasized that the method is
not for the purpose of developing regression relations for the prediction of future voltage values,
that is done by sampling the EDFs, but only to identify those voltage locations where the results
from an analysis of the data indicate a change in the relation, i.e., a change in the intercept and
slope of the regression line. If two linear relations are used to describe the data the relationship
would be characterized as being bilinear. The concept can be extended to consider descriptions of
data which would be characterized as trilinear and quadrilinear. An ExcelWm workbook with the
data and formulae used for the analysis accompanies this report.
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2.0 Piecewise Linear Regression Analysis

The concept of piecewise linear regression analysis arises from the concept of the use of "dummy"
variables in multiple regression analysis, Reference 3 for example. The purpose of the analysis is
to depict relations where the dependent variable (EOC amplitude) follows a particular linear
relation up to some specific value of the independent variable (BOC amplitude) An example of a
bilinear dependence relation is illustrated on Figure 1. To the left of the breakpoint, i.e., the
discontinuity between line slopes, the linear relation follows one intercept and slope combination
and to the right of the breakpoint the relation follows a different combination. A trilinear
regression relation is illustrated on Figure 2 and a quadrilinear regression relation is illustrated on
Figure 3. Each of these are discussed in the following sections relative to the analysis of the
Diablo Canyon data.

3.0 Analysis

The analysis of the growth data to determine breakpoints turns out to be somewhat insensitive to
the locations determined for the breakpoints. However, this means that the past practice of using
engineering judgment did not likely result in significant contributions to the overall uncertainty of
the analysis results. The following sections describe considerations made to process the data and
the types of analyses that can be performed. Three levels of piecewise linear regression were
considered, bilinear, trilinear, and quadrilinear. The results for the quadrilinear fits did not aid in
understanding the data and are not recommended. Conclusions are provided at the end of this
section.

3.1 Upper Range Number of Data

One of the considerations that has been made regarding growth rates since the inception of VDG
concepts has been with regard to the number of indications in the upper range of the data. If the
number of indications is too few the determination of the breakpoint can be significantly skewed
by one or two indications. For example, there was one extremely high growth value associated
with the data of SG 2-4. If the analysis algorithm does not restrict the number of indications in the
upper range to some minimum value a breakpoint at the extreme indication will be calculated.
This is because the square of the error of prediction for that indication is much larger than for the
other indications. The minimum number of data for the upper range was established to be fifteen
based on engineering judgment. If the number is chosen too small, the influence of a single large
indication could bias the results of the analysis to always converge to the minimum allowable. The
experience with using the number fifteen has been that the analysis generally converges to leaving
a larger number of indications in the upper bin. This is evident by the results illustrated on the
figures accompanying the following discussions for piecewise linear regression analysis. It is also
noted that for these analyses the single largest growth value was omitted from consideration.
Inclusion would have the effect of always making he solution converge to the bin limitation
instead of a true solution.
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3.2 Bilinear Regression

Table 1 illustrates a data set used in a bilinear regression analysis of the Diablo Canyon 2 SG 2-4
growth data. A snapshot of the screen from the Excel worksheet analysis of the data is shown on
Figure 4 and the discussion of the analysis is keyed to the cell coordinates of that figure. The
original independent variable data are listed in column B with the initial dependent data in column
D. The dummy independent variable data, one set, are listed in column C. Each cell in column C
contains a formula that returns the maximum of the difference between the independent variable,
Xi, at that row and the breakpoint value, XBP, which is listed in cell F5. Thus the regression line is
of the form,

VG =bo +bVI +b2 (V1 -VBP), (1)

where the coefficients, bo through b2, are found by a standard least squares procedure. The angle
brackets, ( and ), indicate a singularity notation that is zero if the operation in the brackets is
negative or zero and the value of the operation otherwise. Here it is understood that the exponent
on the brackets is unity. Examination of the equation shows that the intercept and slope when VI is
less than VBP are bo and b1 respectively. When the converse is true the intercept is bo minus b2-VBp
and the slope becomes b, plus b2. The principle extends readily to multiple breakpoints.

In many instances the value of the breakpoint is known a priori and the regression proceeds in the
usual fashion. The approach to the analysis of the growth data is to perform the analysis in a
manner in which the value of the breakpoint is also determined. A nonlinear regression analysis
could be performed to effect a solution. An equally valid approach, the method employed herein,
is to use the Excel solver routine to calculated the value of the breakpoint that results in a
minimum value for the sum of squares of the errors of regression. The solver interface window for
the analysis of this document is illustrated on Figure 5 and the information depicted is keyed to the
cell coordinates shown on Figure 4. The target cell, J9, is the sum of squares of the prediction
errors from the regression analysis. The breakpoint value is entered in cell F5; the solver routine
changes the value in that cell to minimize the value calculated for the target cell. There are two
constraints identified in the interface window, the solution value has to be less than or equal to the
number in cell G8, identified as "Bound 2," and greater than or equal to the value in cell F8,
"Bound 1." The value of the first bound was picked (engineering judgment) as a standard for the
width of the first data region. The value in cell G8 is obtained from the data in column D using the
value in cell G9 to count from the bottom of the data. This then determines the upper bound value
allowed for the solution. Cell G6 contains the actual number of data in the upper range and serves
as a check that the solution is actually less than the bounding value. One other feature of the
regression analysis is noted. The intercept term for the regression equation was restricted to zero,
shown in cell K5. This is not a necessary feature and the determination of the breakpoints is likely
insensitive to this specification. The solution value for this case was 0.62, comfortably greater than
the lower bound and significantly less than the upper bound. The results of the regression analysis
for a sample set of data are illustrated separately on Figure 6.
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3.3 Trilinear Regression

The worksheet for the performance of a trilinear analysis is shown on Figure 7. The solver
interface is shown on Figure 8. A point to note is that there are two cells to be changed to effect
the desired solution, F5 and G5. In addition, the lower bound constraint is only on the value in cell
F5 and the upper bound constraint is on the value in cell G5. The other point is that the cell to
minimize the value has been specified as J7, which is the standard error of prediction. This is
really the same specification since the standard error of prediction is the square root of the sum of
squares of the errors of prediction after dividing by the degrees of freedom. The equation for a
trilinear regression analysis is,

VG =bO +blV, +b2 (V, - VBI)+b3 (V, -VB 2), (2)

where VBI and VB2 are the two breakpoints needed in the analysis. The solution is independently
illustrated on Figure 9. The trilinear regression analysis illustrated is for a different data set than
used for the bilinear regression, upper range values from the growth during Cycle 10 were
included to increase the probability of experiencing some of the larger growth values. The sum of
squares of the errors is greater for the trilinear regression than for the bilinear because of the
difference in the data sets. However, the improvement, measured by decreasing the SSE, obtained
by increasing the complexity of the model was marginal at best. Although the SSE was only
marginally improved, the use of the trilinear regression was and is recommended where practical.
Recall that the purpose of the analysis is not to fit useable functions to the data, but only to find
locations where there is evidence that the growth may be changing. The results are readily
apparent from an examination of the information presented on Figure 7. An additional breakpoint
is found at location 1.66 Volts which results in greater predicted growth for the larger values. This
is a desirable feature to include in the operational assessment. There are 19 data pair included in
the solution for the upper bin, indicating that the solution was not converging to the remaining
single highest growth value. Had the single extreme growth value been included in these analyses,
the solution would have converged to whatever limit was in place for the upper bin, e.g., 15 in this
case.

3.4 Quadrilinear Regression

The expansion of the model from three to four line segments follows in the same manner as
increasing the number of segments from two to three. A worksheet for performing a quadrilinear
regression analysis of the data is illustrated on Figure 10, where provisions have been made to
include three breakpoints and three bounds for the breakpoints (a lower bound for the first
breakpoint, and upper bounds for the second and third). The solver screen for performing the
analysis is shown on Figure 11. One constraint has been added to account for the additional
breakpoint. The equation for a quadrilinear regression analysis is,

VG =bO +blVI +b 2 (VI -VB I)+ b3 (VI-VB2 )+b 4 (VI -VB 3 ), (3)

where VBI, V,•2 and VB3 are the three breakpoints to be calculated. The results of extending the
model to consider four regression lines are illustrated on Figure 12. An undesirable consequence,
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the third line has a lower slope than the second line, is immediately apparent. This is counter to
expectation and is an a flag that the added complexity should not be included in the model.

By comparing the numerical information on Figure 10 with that on Figure 4, it is apparent that the
improvement in the SSE is minimal 85.9 versus 86.3. A similar result is obtained if the trilinear fit
is compared to the bilinear fit.

4.0 Application to Diablo Canyon 2 Data

4.1 SG 2-4 Cycle 11 Growth Data

As previously noted, data were obtained from the examination of the SG tubes at DC 2 during
refueling outage 11, referred to as 2R1 1, Reference 2, and analyzed to estimate locations for the
breakpoints for the analysis considering voltage dependent growth. The data were used to develop
the information presented in this report for operational assessment of the DC 2 SG tubes. The
steam generator with the most significant degradation and growth was SG 2-4 (Diablo Canyon
Unit 2, SG 4).

The Cycle 11 growth data for the 975 indications found in the SG were analyzed using a piecewise
linear regression analysis and breakpoints of 0.61 and 1.66 Volts were obtained. A second analysis
was performed by adding the 30 largest indications in the SG from the inspection at the end of
Cycle 10 of operation to the Cycle 11 data. The number of indications corresponded to a growth
breakpoint value of 1.17 Volts which was obtained from the analysis of the growth data for that
cycle. The analysis is discussed in the following section. The results of the analysis indicate that
the breakpoints for the Cycle 11 growth rates should be at 0.59 and 1.66 Volts for a three region
simulation. It is noteworthy that the breakpoints obtained from both analyses are similar and the
upper break point is unaffected by the presence of the Cycle 10 indications. This is likely due to
the fact that most of the indications had BOC amplitudes that were less than the upper breakpoint
value.

4.2 SG 2-4 Cycle 10 Growth Data

The growth data from Cycle 10 for SG 2-4, a total of 488 indications, were analyzed using the
same techniques to find breakpoints in the growth that would minimize the corrected sum of
squares of deviations from the piecewise regression predictions. The Excel screen for the analysis
is shown of Figure 13. The results of the analysis indicate that breakpoints of 0.69 and 1.17 Volts
should be used for analyses employing the Cycle 10 growth data. The dependence of growth on
BOC amplitude is significant above the second breakpoint where it is apparent that the change in
slope is somewhat dramatic. The results are illustrated in larger scale on Figure 14.

The Cycle 10 data also provide an illustration a potential drawback in using quadrilinear
regression without a restriction on the minimum number of data that may be used for the third
segment or piece of the curve. A near step function results as illustrated on Figure 15. This results
from the influence of the large growth value at about 1.25 volts, i.e., minimization of the standard
error of the regression is achieved by having a step at that value, with a smaller slope for the fourth
segment of the curve. The noted point, and two others, is also influential in the determination of
the slope of the third segment for the trilinear regression. A comparison of the two curves shows
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that the growth in the range of less than 1.2 Volts is less than if the trilinear curve is used, in the
range of 1.2 to 1.5 Volts the growth is greater if the quadrilinear curve is used, and growth for
indications greater than 1.5 Volts is greater if the trilinear curve is used. Figure 16 illustrates the
solution for the same data if a limitation on the number of data for the third segment is used. In
this case the growth rate in the range below about 1.2 Volts is greater for the trilinear curve and
slightly lower thereafter to about 1.5 Volts. It should be noted that for the trilinear fit the number
of data in the upper bin is 30 even though the specified minimum was 15. For the quadrilinear fit
the number of data in the third and fourth bins exactly matches the specified minimum. Thus, the
analysis is converging to the specified limits instead of seeking out the natural breakpoint. As for
the analysis of the Cycle 11 data, there is no advantage to using a quadrilinear fit to determine the
breakpoints.

5.0 Summary

The purpose in performing the analysis was to "let the data determine" where the breakpoints
should be.

1. The trilinear regression performs as well as quadrilinear regression. The standard error of
the regression and, hence, the correlation coefficients are the same. The increase in
complexity of the model is not indicated since it does not improve the fit. There may be
instances where the quadrilinear model simply converges to the specified limits instead of
a pseudo natural breakpoint.

2. The analyst should reject adding lines to the model if any succeeding slopes are less than
their predecessors.

3. Although the trilinear fit is recommended because of its potential flexibility in handling
growth variations, there may be occasions when the bilinear fit is acceptable.

4. Improvements in the fit in going from a bilinear to a trilinear model are not large, e.g., the
reduction in the SSE can be absolutely and relatively small. This would normally indicate
that the increase in complexity is not balanced by the improvement in the model. However,
the use of a trilinear curve permits more sensitivity to the voltage dependent growth and
therefore has an engineering advantage.

5. There may not be statistically best locations for the breakpoints. Several choices may offer
similar results. However, the analysis results do indicate where changes in the growth rate
as a function of initial amplitude are likely to be occurring.

The analysis methodology for location of the breakpoints should be included in the next
Addendum to the database document for the ODSCC ARC analyses.

Breakpoints for the Diablo Canyon 2 operational assessment using the SG 2-4 Cycle 11 growth
rate modified to include large growth values from Cycle 10 should be at 0.59 and 1.66 Volts for a
three region simulation of the growth rates. Breakpoints for the analysis of the Cycle 10 data for
the same SG should be set at 0.69 and 1.17 Volts respectively.
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Table 1: Bilinear Regression
Sample Data

Index Previous 1 Dummy | Volts /
Number Voltage Variable I EFPY

1 0.09 0.00 0.06

2 0.09 0.00 0.10

3 0.10 0.00 0.10

4 0.10 0.00 0.11

5 0.11 0.00 0.03

6 0.11 0.00 0.05

7 0.11 0.00 0.07

8 0.12 0.00 0.05

9 0.12 0.00 0.08

... ... ... ...

967 1.77 1.15 0.04

968 1.82 1.20 1.35

969 1.87 1.25 1.44

970 1.90 1.28 2.62

971 1.91 1.29 0.04

972 1.92 1.30 2.15

973 1.96 1.34 1.46

974 1.97 1.35 0.24

975 2.00 1.38 1.83
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Table 2: Cycle 10 Data
Added to Cycle 11

Index BOC Growth
Valde Amplitude (VoltsIEFPY)

Value ~(Volts) _____

1 1.18 0.13
2 1.18 0.38
3 1.19 0.21
4 1.20 0.08
5 1.20 0.50
6 1.21 0.46
7 1.22 0.37
8 1.22 0.54
9 1.23 0.00

10 1.25 0.29
11 1.25 0.66
12 1.26 0.19
13 1.26 2.89
14 1.28 0.18
15 1.28 1.01
16 1.30 0.08
17 1.30 0.13
18 1.31 1.10
19 1.34 1.38
20 1.35 0.01
21 1.35 1.88
22 1.39 2.55
23 1.47 0.00
24 1.47 0.53
25 1.58 2.53
26 1.62 0.10
27 1.64 1.25
28 1.76 1.65
29 1.89 1.74
30 1.93 0.80
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SG 24 Bilinear Growth Determination for Cycle 11
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Figure 1: Bilinear Regression Line Illustration
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Figure 2: Trilinear regression line illustration
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Piecewise Linear Regression Analysis for Determination
of Growth Distribution Segregation
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Piecewise Linear Regression Analysis for Growth Distribution
Segregation with Cycle 10 Upper Range Data Added to Cycle 11
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Piecewise Linear Regression Analysis for Determination
of Growth Distribution Segregation
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Figure 12: Quadrilinear regression of SG 2-4 Cycle 11 growth data

SAR MVIMd a wW 6120 03 40d ayTm do s we *At- 2. dDc 15 of 17 0624S03. 236 PM



A I 8 .. CB I D E F G.M I JJ I 01
TrilinewRegression of Growth Datb for SG 2-4, Cycle 10 ] - _

____ xi 1 X2 1 3 I ______ Tn-Lierwwle Reassuonir

4 WM P I EFPIYM 2WM XPl )(p2 W b i bI - - . b2~~~~~~~~~~~~~~~~~~~~o
5 1~

81 2

T410 ..i6ii
-14

11] 7

139

10
,14 13

.. ; ..... ... ..

18 24
49 15

217
18

23J 19
243 20
25121
2681 22,

381 3,2t

37 1,33,
.38-.,34

0.09
0.12
012
o0t3
0.13
0.14
0.14
014okt40.14
0.15
0.15

016
0.18
0.18
0.16
016
0.16
0.16
0.17
0.17
,017
017

0.i8
,018
0.18

Q19
0.19
029
020
0.20
020

0,00

....... ..°°°10000

0.00

-6000

0.00

0000

6000

0.00

0.00
00'': 0,w
000I
000
00-- 0o
000:::-:-°
0°°l
0..°°°

0.001
000::°°°
000O.
0-0°°

0.001

0.00

0.00
0.00

0.00

0000
0600

00__0,
0.00

....... .000

I-- 08w
000:::-::oo
000~o
000~o
00o0o
0:. 00::::::o
000~o
000o
000°.°
00.°°
000,.o

I 000
00°°°
0..°°°
000__.,O

.... 01c

OA1
I0.ot

0.14

| 0110.1I

0.le

0.20

0021

021

0.02
I *003

I 0 Q11

10.04
1011

I,022

I,006

fl ,,, lA

QS5 11.17iN.6- - 4Om
4 I I Bound 2

_'0Sin 1 5

] Coares.,.,I..0a.7,51,,7,9.0.57115
SEbs 1028264 10.17758

IR-Sq, ,,,33,2%, 10,2558¢4
I _ F ... .0806 I 484

SSR 15i7247 318679s

0,1249

WW~A
St'A

0092858s Coaeh
|0 0354| SE bs

#WA SE Pred

m NA I SSE

I 000 10.09
1 0.6 1... 0 gt ..I.19.0.1
.17 .. 0.5 . .. 0

200 1.69

G-owth Determinatiom

---i
0.00 0.50 1.00 1.60

BOC Volts
I * Data -LPgsnan -R*grin -Ragr szio

Figure 13: Excel screen for SG 2-4 Cycle 10 growth data

Piecewise Linear Regression Analysis for Determination
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Figure 14: Trilinear regression of SG 2-4 Cycle 10 growth data
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Illustration of an unsatisfactory analysis result.

Piecewise Linear Regression Analysis for Determination
of Growth Distribution Segregation
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Figure 15: Quadrilinear regression w/o a data limit on Piece 3

Piecewise Linear Regression Analysis for Determination
of Growth Distribution Segregation
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Figure 16: Quadrilinear regression of SG 2-4 Cycle 10 growth data
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