BEAVER VALLEY UNIT 1

INTERIM PLUGGING CRITERIA 90 DAY REPORT

MAY 1995

WESTINGHOUSE ELECTRIC CORPORATION
ENERGY SYSTEMS BUSINESS UNIT
NUCLEAR SERVICES DIVISION
P.O. BOX 355
PITTSBURGH, PENNSYLVANIA 15230

9506190466 950609
PDR ADOCK 05000334
Q FDR



BEAVER VALLEY UNIT 1
INTERIM PLUGGING CRITERIA 90 DAY REPORT
MAY 1995

TABLE OF CONTENTS

Page

1.0 Introduction 1-1
2.0 Summary and Conclusions 2-1
3.0 Beaver Valley Unit 1 1995 Pulled Tubes 3-1
3.1 Pulled Tube Examination Results 3-1
3.2 Beaver Valley-1 Pulled Tube Evaluation for ARC Applications 3-6
3.3 Comparison of Beaver Valley-1 Data with Existing IPC Correlations 3-8
4.0 EOC-10 Inspection Results and Voltage Growth Rates 4-1
4.1 EOC-10 Inspection Results 4-1
4.2 Voltage Growth Rates 4-3
4.3 Probability of Prior Cycle Detection (POPCD) 4-3
4.4 Assessment of RPC Confirmation Rates 4-5
4.5 NDE Uncertainties 4-6
50 Data Base Applied for IPC Correlations 5-1
6.0 SLB Analysis Methods 6-1
7.0 Projected EOC Voltage Distributions 7-1
7.1 Comparison of Actual and Projected EOC-10 Voltage Distributions 7-1
7.2 Projected EOC-11 Voltage Distributions 7-1
8.0 SLB Leak Rate and Burst Probability Analyses 8-1
8.1 Comparison of Projected and Actual EOC-10 Leak and Burst 8-1
8.2 Projected EOC-11 Leak Rate and Burst Probability 8-1
9.0 References 9-1

J \share\leses \diwipe 060695 1539 pm 1



BEAVER VALLEY UNIT 1
INTERIM PLUGGING CRITERIA 90 DAY REPORT

1.0 INTRODUCTION

This report provides the Beaver Valley-1 steam generator steam line break (SLB) leak
rate and tube burst probability analysis results in support of the implementation of a

1 0 volt Interim Plugging Criteria (IPC) at end of cycle 10 (EOC-10). Information
required by the NRC Safety Evaluation Report (SER) is included in this report. The
analysis results are provided for Steam Generator (SG) A, which is the limiting SG for
the actual EOC-10 and projected EOC-11 bobbin voltage distributions

The results of the EOC-10 inspection are provided in Section 4. At EOC-10, plugs were
removed from previously plugged tubes, the tubes were reinspected, and tubes with
indications satisfying the I[PC repair limits were returned to service. The indications
returned to service are included in the Cycle 11 analyses. Comparisons of the EOC-10
voltage distributions as well as leak rates and tube burst probabilities calculated for
the actual distributions are compared with the projections to EOC-10 previously
reported in the Beaver Valley-1 IPC report, WCAP-14123, Reference 9.1. Leak rates
and burst probabilities for the projected EOC-11 voltage distributions are reported in
Section 8 and compared with allowable limits. Analysis methods are consistent with
the NRC SER and WCAP-14123. The methods are described in more detail in the
Westinghouse methods report, WCAP-14277, Reference 9.2

Three tubes were pulled from Beaver Valley Unit 1 steam generators during the cycle
10 outage to provide additional data supporting the Alternate Plugging Criteria (APC)
database. Pulled tube examination results for the tube support plate (TSP) indications

on the pulled tubes are given 1n Section 3




2.0 SUMMARY AND CONCLUSIONS

SLB leak rate and tube burst probability analyses were performed for the actual EOC-
10 and projected EOC-11 voltage distributions. SG A was found to be the limiting SG
for both the EOC-10 inspection and the projected EOC-11 distributions. For the actual
EOC-10 distribution, the SLB leak rate is estimated to be 0.15 gpm and the burst
probability is 3.84 x 10”. These values are lower than projected for EOC-10 in WCAP-
14123 even for an assumed probability of detection (POD) of 1.0 at EOC-9. The
projected EOC-11 distributions with the NRC SER required POD = 0.6 result in a SLB
leak rate of 0.31 gpm and a burst probability of 9.7 x 10°. All results are much lower
than the allowable SLB leakage limit of 6.6 gpm and the NRC reporting guideline of
10“ for the tube burst probability.

Comparisons of the EOC-10 projections with the actual distribution for SG A show that
a POD = 1.0 results in an over prediction of the indications > 0.8 volt and an under
prediction below 0.8 volt, while the POD = 0.6 substantially overestimates the actual
distribution above 0.5 volt. These results show the importance of applying a voltage
dependent POD and adjusting rotating pancake coil (RPC) NDF (no degradation
found) indications left in service by the fraction of indications that may become
confirmed at the end of the next operating cycle. These comparisons of projections with
the actual distribution imply a POD approaching unity above about 1.0 volt and about
0.6 at about 0.5 volt.

A total of 1089 indications were found in the EOC-10 inspection of which 152 were
RPC inspected (including all indications above 1.0 volt) and 88 were confirmed as flaws
by the RPC inspection. The RPC confirmed indications included 66 above 1.0 volt. SG
A had 484 bobbin indications of which 73 were above 1.C volt and 41 of the 73 were
confirmed by RPC inspection. During the inspection, 242 previously plugged tubes
were deplugged and inspected for possible return to service based on the 1.0 volt IPC.
A total of 164 tubes (80 in SG A) with 223 indications (113 in SG A) were found to
satisfy the IPC repair limits and were returned to service. This resulted in a total of
1201 indications returned to service including 535 i 3G A. No unexpected inspection
results were found at the TSP intersections such as circumferential indications,
indications extending outside the TSP or primary water stress corrosion cracking
(PWSCC) at dented TSP intersections.

Three tubes with eight TSP intersections were pulled during the outage to provide data
to support the Electric Power Research Institute (EPRI) IPC/APC correlations. Five
of the eight intersections had field reported flaw indications and a sixth TSP
intersection had a small 0.29 volt indication found by reevaluation of the field data and
also found by the ultrasonic test (UT) inspection. The bobbin flaw voltages for these
indications ranged up to 1.08 volts. One intersection had a mixed residual signal of
1.73 volts with a flaw indication of 0.62 volt. Post-pull eddy current data show modest
and acceptable changes in voltage compared to field inspection. The post-pull RPC
data show crack indication features typical of that found previously for indications
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with cellular patches. The aeld RPC and UT data also include volumetric features

typical of cellular corrosion

I'wo of the pulied tube indications were leak tested with no resulting leakage even at
SLB pressure differentials. All eight intersections were burst tested with resulting
burst pressures near or above the mean EPRI burst correlation. Inclusion of the
Beaver Valley-1 pulled tubes in the probability of leakage and burst pressure
correlation results in negligible changes to the correlations without the Beaver Valley

| data. Four indications were axially tensile tested to the axial load capability for the
cellular indications in support of the database for a tube expansion APC. These tensile

test results were also found to be consistent with the existing database. The crack
morphology for the Beaver Valley-1 pulled tubes is dominantly axial ODSCC with
cellular patches and is consistent with that found in the EPRI database supporting

[PC applications

The probability of prior cvcle detection (POPCD) was evaluated for the EOC-9
inspection based on indications RPC confirmed plus not RPC inspected in 1995. The
inclusion of indications not RPC inspected leads to a lower bound POD assessment,
since it can be expected that many of these low voltage (< 1.0 volo) indications would
not be confirmed by RPC. A POD assessment based on RPC confirmed indications 1s
appropriate for IPC applications since only indications detected by both bobbin and
RPC probes can be expected to contribute significantly to leakage and burst at EOC-10
I'his is based on the database for POD versus maximum depth from pulled tube
examinations that show that both bobbin and RPC PODs approach unity at > 90%
depth. The Beaver Valley-1 EOC-9 POPCD strongly supports a voltage dependent
POD substanually higher than the NRC POD 0.6 above about 0.5 volt and
approaching unity above 2 to 3 volts. The Beaver Valley-1 POPCD is in general
agreement with the EPRI proposed POD even though the EOC-9 inspection was not
an 1PC inspection. It is concluded that the POD applied for IPC leak and burst
projections needs to be upgraded from the POD = 0.6 to a voltage dependent POD
['his conclusion 1s further supported by the comparisons in Section 7 between projected
and actual EOC-10 voltage distributions. The comparisons in Section 8 of SLB leak
rates and tube burst probabilities calculated from the EOC-10 projected distributions
by applying a POD = 1.0 exceed those calculated from the actual EOC-10 distributions




3.0 BEAVER VALLEY UNIT 1 1995 PULLED TUBES
3.1 PULLED TUBE EXAMINATION RESULTS
3.1.1 Introduction

Three hot leg steam generator tube segments removed from Steam Generator A of
Beaver Valley Unit 1 (Tube R10C48, Tube R22C38 and Tube R28C42) were examined
at the Westinghouse Science and Technology Center in support of alternative repair
criteria (ARC) applications. The examination was conducted to characterize corrosion
at steam generator hot leg support plate crevice locations. The tubes were selected
to obtain a sampling of the indications observed in the January 1995 field eddy
current inspection. The first, second and third support plate crevice regions (TSP1,
TSP2 and TSP3) from Tubes R22C38 and R28C42 and the TSP1 and TSP2 region
from Tube R10C48 were removed for examination. Five of these eight TSP locations
had original field eddy current calls of OD origin indications.

After nondestructive laboratory examination by eddy current, ultrasonic testing,
radiography. dimensional characterization and visual examination, two selected
support plate regions were leak tested at elevated temperature. Subsequently, room
temperature burst testing was conducted on these two TSP regions, as well as the
remaining six non-leak tested TSP regicns and a free span section from each of the
three tubes pulled for ARC applications. Four of the burst tested TSP specimens
were destructively examined using scanning electron microscopy (SEM) fractography
techniques to characterize the corrosion and two of these four TSP burst tested
specimens were further examined using metallography. The remaining four burst
tested TSP regions were pulled apart by tensile testing to characterize the effect of
intergranular cellular corrosion (ICC) that had been observed within the crevice
region adjacent to the burst openings. Both the axial burst openings and the
circumferentially torn ICC regions were characterized by SEM fractography
techniques. Three of these four TSP regions were then characterized using
metallographic techmques. Overall, all eight TSP intersections had their burst
fracture faces characterized by SEM fractography and five of the intersections were
further examined using metallography.

3.1.2 Non Destructive Examination (NDE) Results

Table 3-1 presents a summary of the more important field and laboratory NDE
results. The eddy current data were reviewed, including reevaluation of the field data,
to finalize the voltages assigned to the indications and to assess the field no
detectable degradation (NDD) calls for detectability under laboratory analysis
conditions. A single analyst performed this work to minimize data variability. NDE
data were taken in the field by bobbin, RPC and UT probes. The results for the
different probes are generally consistert except for the first TSP of R10C48 which
was NDD for the field bobbin and RPC probes but reported by UT probe as axial
indications. Laboratory review of the field data and the post-pull bobbin data
indicate a small 0.29 volt bobbin indication (see Figure 3-1) for R10C48, TSP1. In

J “share lescs dlwipc 060695 21 17 pm 3-1



addition, laboratory review of the field RPC data indicated a possible small indication
at R28C42. TSP3. which 1s seen in the post-pull bobbin but not identified in the field
ca s for either of the four probes. The laboratory review and field bobbin voltages are
| - reasonable agreement and, except for R22C38, TSP3, show modest differences due
10 analyst interpretation of the distorted bobbin responses. The field call for R22C38
TSP3 was intentionally called to include the residual bobbin signal to assure that the
indication was included in the RPC program for residual signals that could mask a
bobbin signal near one volt. The flaw component of this indication as obtained from
the reevaluation of the field data 1s 062 volt (see Figure 3-2). The laboratory
reevaluation of the field voltages 1s recommended for the ARC voltage, consistent
with prior tube pull evaluations, to minimize analyst variability in the database
voltages since analyst variability 1 a component of the NDE uncertainty used for
ARC analyses

The RPC and UT responses indicate a high likelihood of cellular corrosion patches
which can lead to some distortion in the bobbin responses. Figure 3-3 shows the pre-
pull RPC inspection data for R28C42, TSP2. The broad angular involvement shown
in Figure 3-3 is typical of that found for cellular patches. Similarly, the UT results
indicated the presence of many small indications in addition to the larger macrocrack
1ssocrated with the peak RPC response

As a result of the tube pulling operations, the post-pull bobbin data show dent signals
at most of the TSP intersections. These dent signals were not present in the pre-pull
bobbin data. As a consequence, the post pull bobbin data have somewhat reduced
reliability for assessing the differences between pre-pull and post-pull bobbin voltages
although the dents are less than 5 volts, and bobbin voltages can be adequately
identified. Some increase in signal strength (voltage) was generally observed in the
laboratory eddy current data due to the tube pulling operation. Field bobbin probe
signal strengths ranged from 0.44 to 1.73 volts (0.33 to 1.0 volts after data
reevaluation) while corresponding post-pull bobbin strengths ranged from 0.45 to 2.1
volts The largest increase was for Tube R22C3 TSP3 where the bobbin ;rl'u}n-
signal strength increased from 0.6 volts to 2.1 volts (with a secondary indication of
0 5 volts). This 1s considered a moderate increase suggesting that there was some
tearing of ligaments between microcracks. In addition, R28C42, TSP3 shows a post
pull bobbin indication which was not identifiable in the pre-pull bobbin data although
indicated by laboratory reevaluation of the field RPC data

Two TSP crevice regions (TSP3 of Tube R22C38 and TSP2 of Tube R28(C42), those
which had the largest voltage (onginal) field eddy current indications were leak
tested at elevated temperature and pressure at conditions ranging from a stmulated

normal operating condition to a simulated steam line break condition. None
developed leaks. Table 3-2 presents test condition data for the specimens




3.1.4 Burst and Tensile Testing

All eight pulled TSP crevice regions and three free span regions were burst tested at
room temperature at a pressurization rate of 2000 psi per second. The burst tests
were performed simulating free span conditions with no TSP enveloping the
indications. In addition, the five field indication specimens were tested using a
bladder and foil for the burst tests with a "semi-constraint” condition which simulated
the lateral constraint provided by the TSPs located below and above the crack
indication at prototypical spacing between TSPs. Results of the burst tests are
presented in Table 3-3. All burst specimens developed axial burst openings. The
openings for the TSP crevice region specimens were centered within the crevice
regions. The circumferential positions of the burst openings in the support plate
crevice region specimens were close to the location of the deepest laboratory UT
indications for the specimens that had corrosion indications. The eddy current RPC
data does not provide an absolute circumferential position. All TSP specimens burst
at high pressures. The lowest burst pressure for the TSP crevice regions (Tube
R22C38, TSP1, a 0.7 volt field bobbin indication) was 9,712 psi, 80% of the burst
pressure of its free span equivalent.

Following burst testing, a visual inspection showed the presence of wide-spread 1CC
that was confined to the crevice region. As a consequence, four of the burst
specimens (Tube R22C38, TSPs 2 and 3 and Tube R28C42, TSPs 1 and 2) were
tensile tested at room temperature to obtain tensile strength data and to pull apart
the ICC networks for subsequent destructive examination. These four specimens had
high tensile loads, with the lowest being 11,420 psi (R22C38, TSP2). Table 3-3
provides the tensile properties obtained on these four specimens, as well as from a
nonburst tested, free span section from each of the pulled tubes.

The tensile and burst strengths for the free span sections are typical for
Westinghouse tubing of this vintage, although the strengths of Tubes R10C48 and
R22('38 are somewhat on the high side.

3.1.5 Destructive Examination Results

A summary of post-burst test visual inspection data and of burst propert, data
related to the presence of corrosion 1s presented in Table 3-4 for each of the burst
TSP region specimens. The data in Table 3-4 were used to plan destructive
examination work efforts. Corrosion cracks were observed on all eight of the TSP
specimens. These eight specimens were candidates for destructive examination. The
free span sections of Tubes R10C48, R22C38 and R28C42, selected for a reference
burst pressure and tensile property test, had no degradation, as would be expected.
Two of the four specimens, shown in Table 3-4, that were burst tested, but not tensile
tested, were selected for complete destructive examination of their crevice regicn
corrosion. These examinations included SEM fractography of the burst openings and
metallography of secondary corrosion within the crevice regions. The other two were
characterized by SEM fractography of their burst openings. In addition, three of the
four specimens, shown in Table 3-4, that were burst and then tensile tested, were
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selected for complete destructive examination, that included SEM fractography of
both their axial burst openings and their circumferentially tensile torn fracture faces,
as well as metallography of secondary crevice region corrosion. The fourth burst and
tensile tested specimen was characterized by SEM fractography of both its axial burst
opening and its circumferentially tensile torn fracture face.

The burst fracture faces of these eight TSP crevice region specimens were opened for
SEM fractographic examinations. Table 3-5 presents the results of the fractographic
data in the form of macrocrack length versus depth, macrocrack length/average and
maximum depth, and the number/location/width of ductile or uncorroded higaments
found on the fracture face. The burst openings occurred in axial macrocracks that
were composed of numerous axially oriented intergranular microcracks of OD origin.
Ductile ligaments separating the microcracks were present in six of the eight
examined TSP specimens. The data of Table 3-5 indicate that most of the TSP
regions from Beaver Valley Unit 1 pulled tubes had a typical number of remaining
uncorroded ligaments between microcracks comprising the burst macrocracks. Only
R22C38, TSP1 had no remaining ligaments and had a maximum depth of 52% with
an average depth of only 26%. All intergranular corrosion was confined to and
centered within the crevice regions. The burst opening corrosion macrocracks for the
TSP crevice regions had maximum depths ranging from 22% to 61% throughwall,
with average depths ranging from 11% to 38% throughwali and with macrocrack
lengths ranging from 0.068 to 0.750 inch.

Three TSP regions were mitially called bobbin NDD 1n the field and one (TSP1 of
Tube R10C48) was subsequently found by reevaluation of the field data to have a
small (0.28 volt) indication prior to the tube exam. (A second TSP region, TSP3 of
Tube R28C42, was found by data reevaluation to have a small, 0.2 volt, field RPC
volumetric indication.) The maximum crack depths for these three locations were
47%, 22%. and 34% for the TSP1 and TSP2 region of Tube R10C48 and the TSP3
region of Tube R28C42, respectively. The corresponding average macrocrack depths
were 36%, 11% and 17%, respectively.

The circumferential tensile fracture faces of the four TSP crevice region specimens
that were opened by tensile testing were examined by SEM fractography to
characterize their ICC networks. Table 3-6 presents the results of the fractographic
data in the form of ICC depth versus circumferential position, ICC network length,
ICC network average depth (averaged over the entire tube circumference and
normalized to pre-burst and pre-tensile test dimensions), and the number of ductile
or uncorroded higaments found within the ICC networks on the fracture faces. The
[CC networks had similar ICC average depths that ranged from 8% to 16% deep and
ICC network lengths that ranged from a total length of 111° to a total of 270", The
individual ICC depth data were obtained from the local ICC front which was
relatively uniform in depth. These individual ICC depth data ignored any deeper
axial cracks which occasionally penetrated the 1CC front.

Figures 3-4 to 3-11 present sketches of the crack distributions found by visual (30X
stereoscope) examinations. The sketches show the locations where cracks were found
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and their overall appearance, not the exact number of cracks or their detailed
morphology. All TSP regions had their corrosion centered within and confined to the
crevice regions.

Due to the complexities of the crack networks observed in the TSP regions, radial
metallography was utilized, in addition to transverse metallography, to provide an
overall understanding of the intergranular corrosion morphology for the five TSP
regicns that were selected for metallographic characterization. In radial
metallography, small sections of the tube (typically 0.5 by 0.5 inch) are flattened,
mounted with the OD surface facing upwards and then progressively ground,
polished, etched and viewed from the OD surface towards the inside diameter (ID)
surface. Table 3-7 provides a summary of the metallographic data. It can be noted
that the maximum depth for Tube R22C38, TSP1 from the transverse metallographic
section was 65% compared to the maximum depth of 52% for the burst crack face
(SEM fractography). In this case, the maximum crack depth did not contribute to the
weakest macrocrack which burst. For the other TSP regions, the maximum depth
was found on the burst crack face.

From the metallographic examinations conducted on the five selected TSP regions,
it was concluded that the dominant OD ongin corrosion morphology was axial
intergranular stress corrosion cracking (IGSCC). In addition, in all five cases for the
TSP regions, there were areas or patches with ICC found 1n association with the axial
IGSCC. The most significant ICC (in area) occurred in the cases of TSP2 and TSP1
of Tube R28C42. With an ICC morphology, a complex mixture of short axial and
oblique angled cracks interact to form cell-like structures. Figure 3-12a provides an
example of the ICC morphology found in the case of TSP2 of Tube R28C42 at a depth
of 14% below the OD surface. With progressive radial grinding, it was shown that
the axial IGSCC became more dominant with depth while the ICC tended to
disappear more quickly. Figure 3-12b shows the same location shown in Figure 3-
|2a, but at a depth of 34%. Only axial IGSCC remains at this depth. The maximum
depth of ICC was always less than that of the axial IGSCC present at the same
location. However, the depth of ICC frequently was close to that of the more
dominant axial IGSCC. Finally, in some areas, especially where the cracking
occurred at very high densities, shallow IGA also was present. The IGA always was
significantly less deep than the surrounding ICC.

IGSCC morphology can be characterized by depth/width (D/W) ratios where the
extent of IGA associated with a given crack 1s measured by the ratio of crack depth
to the width of the crack at its mid-depth. D/W ratios greater than 20 are defined as
minor and ratios less than 3 are defined as significant. Crack density 1s also
considered an important parameter in characterizing corrosion. Crack densities
greater than 100 cracks in 360 degrees are defined as high while values less than 25
are defined as low. The OD origin axial intergranular corrosion observed in TSP
crevice regions of the Beaver Valley Unit 1 tubes had little vanation in crack
densities or in crack morphologies. The crack density ranged from the high side of
moderate to high and the crack morphology was typically moderate with values
ranging from minor to high, as measured by D/W ratios. Note, that all individual
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D/W ratios that were low (D/W <3) were associated with very shallow cracks. As
many shallow cracks were present, the reported average D/W ratios were somewhat
low compared to those typically reported for other plants where the corrosion is
deeper. Table 3-7 presents the metallographic data. Specimen R28C42, TSP2 had
the largest number of cracks (an estimated 186 cracks over the tube circumference
for the center of the crevice region) with most associated with a large 250° long ICC
zone. The largest average D/W ratio (22) occurred in Specimen R22C38, TSP1 and
the lowest average D/W ratio (3) occurred in Specimen R10C48, TSP3, where most
cracks were very shallow

3.1.6 Conclusions

All eight of the TSP crevice regions of Tubes R10C48, R22C38 and R28C42 had OD
origin corrosion present. Metallographic data showed that the corroded TSP crevice
regions had combinations of axially oriented IGSCC and ICC with the axial IGSCC
predominating. All corrosion was confined to the crevice regions. The corrosion
morphology was typical of pulled tubes within the EPRI database.

Eddy current bobbin and RPC probe data correlated well with the corrosion
distribution for the deeper cracks. Three TSP crevice regions were initially called
bobbin NDD in the field and two were subsequently found by reevaluation of the field
data to have small (0.28 volt by bobbin for one and 0.2 volt by RPC for the other)
indications prior to the tube exam. These two regions had corrosion ranging from
34% to 47% throughwall, maximum depth, while the third NDD region had corrosion
up to 22% deep. Consequently, this location had corrosion just below the eddy
current detection threshold and the other two had corrosion near the eddy current
detection threshold. These three locations also serve in determining the UT detection
threshold. TSP1 of Tube R10C48 (the deepest of the three) was called by field UT
inspections as having corrosion while all three were called by lab UT inspections as
having corrosion. Consequently, these locations also had corrosion near the UT
detection threshold.

The TSP crevice region burst pressures ranged from 9,712 to 12,891 psi. All burst
pressures were well above safety limitations required by R.G. 1.121 and close to free
span burst values, ie., those without corrosion. The burst pressure data were
consistent with expectations and near or above mean predictions jor the ARC burst
pressure versus bobbin voltage correlation. Tensile tests performed on four of the
TSP regions with extensive ICC also showed high strength for the specimens.

3.2 BEAVER VALLEY-1 PULLED TUBE EVALUATION FOR ARC APPLICATIONS

The pulled tube examination results were evaluated for application to the EPRI
database for ARC applications. The eddy current data were reviewed, including
reevaluation of the field data, to finalize the voltages assigned to the indications and
to assess the field NDD calls for detectability under laboratory analysis conditions.
The data for incorporation into the EPRI database were then defined and reviewed
against the EPRI outlier criteria to provide acceptability for the database.
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3.2.1 Eddy Current Data Review

Table 3-8 provides a summary of the eddy current data evaluations for the Beaver
Valley-1 pulled tubes. These NDE data results l.ave been discussed above in Section
3.1.2. As noted above. the field and laboratory reevaluations of the field bobbin data
are 1n good agreement except for R22C38 TSP3 and R10C48 TSP1 which had a
bobbin indication by reevaluation that was not reported as a flaw in the field
inspection. The difference between the field and reevaluation calls for R22C38 TSP3
1s due to the field call including the mixed residual in the reported voltage to ensure
that the indication was RPC inspected. The reevaluated bobbin voltages including
the adjustment for the American Society of Mechanical Engineers (ASME) calibration
standard are used for the EPRI ARC database. The reevaluation was performed by
the same analyst that performed a large part of the EPRI database and the use of
these voltages minimizes analyst varnability in the database, which is separately
accounted for in ARC applications as an NDE uncertainty.

3. 2.2 Beaver Valley-1 Data for ARC Applications

The pulled tube leak test, burst test, axial tensile test and destructive examination
results are summarized in Table 3-9. Two of the largest indications were leak tested
and no leakage was found even at SLB conditions. It can be inferred from the
maximum 61% depth of any indication that none of the indications would leak at
accident conditions as noted in Table 3-9. The measured burst pressures are adjusted
to the reference 150 ksi for the sum of the yield plus ultimate tensile strengths. The
data of Table 3-3 should be used in EPRI ARC burst pressure and SLB probability
of leakage correlations. Since none of the indications are leakers, the data do not add
to the SLB leak rate versus voltage correlation. Section 3.3 assesses the impact of
these data on the EPRI correlations.

The Beaver Valley-1 pulled tube resuits were evaluawed against the EPRI data
exclusion criteria for potential exclusions from the database. Criteria la to le apply
primarily to unacceptable voltage burst or leak rate measurements and indications
without leak test measurements. None of these criteria are applicable to the Beaver
Valley-1 indications. Criterion 2b applies only to indications greater than 20 volts
which 1s not applicable to these indications. Criterion 3 applies to potential errors
in the leakage measurements and is also not applicable to the Beaver Valley-1
indications with no leakage.

EPRI Cniterion 2a apples to atypical ligament morphology for indications having
high burst pressures relative to the burst/voltage correlation and states that high
burst pressure indications with < 2 uncorroded ligaments in shallow cracks < 60%
deep shall be excluded from the database. Table 3-9 identifies the number of
remaining ligaments and the maximum depths for the indications. The indications
at R22C38 TSP1, R28C42 TSP3 and R10C48 TSP2 satisfy the data exclusion criterion
for hgaments and depth but the latter two indications are bobbin NDD and thus
would not be included in the database. The indication at R22C38 TSP1 does not
satisfy the part of Criterion 2a requiring that the indication be high on the

J share lescs diwipc 060688 21 33 pm 3-7



burst/voltage correlation. As shown in Section 3.3, this indication hes just below the
mean fit of the correlation and, therefore, does not satisfy the requirements for
exclusion from the database. Normally, Criterion 2a leads to exclusion from the
database due to higher than expected voltages resulting from the lack of hgaments
in a shallow crack. For R22C38 TSP1, the bobbin voltage may be high but the burst
pressure 1s less than expected. This can be seen from Table 3-9 in that the burst
pressure 1s lower for TSP1 than the other indications on this tube at TSP2 and TSP3
even though the crack length and average depth are smaller than found at TSP2 and
TSP3. The burst test opening and burst test recordings for the TSP1 indication were
reviewed and it was found that 1t 1s a clear burst with significant crack extension
(burst length of Table 3-3) and there was no 1dentifiable problem with the burst test
pressure measurements. Therefore, there 1s no identifiable basis for excluding this
data point and it 1s retained in the EPRI database.

3.3 COMPARISON OF BEAVER VALLEY-1 DATA WITH EXISTING [PC CORRELATIONS

The purpose of this section is to report on evaluations performed which utilized the
results of leak rate and burst testing of tube sections which were removed from
Beaver Valley Unit 1 in the Spring of 1995. The Beaver Valley 1 pulled tube data
for ARC applications i1s given in Tables 3-1 through 3-9. A total of six (6) tube
sections which exhibited bobbin amplitudes greater than zero volts, based on the field
inspection data, were tested to determine their burst pressure. Two (2) of the
specimen were tested to evaluate their probability of leak and their leak rate at SLB
conditions. Neither of these indications were found to leak. Four (4) of the specimens
were judged to have a zero probability of leak based on a post-burst inspection of the
crack morphology. Destructive examination of the cracks after the testing revealed
that all of the specimens were consistent with the EPRI acceptance critena for
inclusion of the results into the reference database. Accordingly, all of the specimens’
test results were retained for further consideration. The test results from the
remaining specimens, see Table 3-10, were compared to the EPRI 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 was evaluated. In summary,
the test data are consistent with the database relative to the burst pressures, the
probability of leak, and the leak rate as a function of the bobbin amplitude. The
results of these compansons and evaluations are discussed in what follows.

3.3.1 Burst Pressure vs. Bobbin Amplitude

Results from six (6) burst tests, performed on tube specimens which exhibited non-
zero bobbin amplhitudes at locations corresponding to the in-plant elevations of the
tube support plates, were considered for evaluation. A plot of the burst pressures of
the Beaver Valley 1 specimens is depicted on Figure 3-13 relative to the correlation
developed for the reference database. A visual examination of the graph indicates
that all of the burst pressures measured fall within the scatterband of the reference
data about the reference regression line, thus, no significant departures from the
reference database are indicated. Although not shown, all of the data fall within a
90% non-simultaneous prediction band about the regression line. Since a two-sided
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simultaneous prediction band for the six data points would be wider than the non-
simultaneous band, no statistically significant anomalies are indicated.

Since the Beaver Valley 1 burst pressure data were not indicated to be from a
separate population from the reference data, the regression analysis of the burst
pressure su (ne common logarithm of the bobbin amplitade was repeated with the
aditional data included. A comparison of the regression results obtained by
including those data in the regression analysis 18 provided in Table 3-11. The
intercept of the burst pressure, Py, as a linear function of the common logarithm of
the bobbin amplitude regression line is increased by 0.7%, and the slope is decreased
by 1.6%, 1.e., the slope with the Beaver Valley 1 data 1s a larger negative number.
Regression predictions obtained by including these data in the regression analysis are
also shown on Figure 3-13. Since the intercept is increased and the slope reduced by
the inclusion of the Beaver Valley 1 data, predicted burst pressures for indications
up to about 50 volts would be shightly more than the value obtained using the refer-
ence regression line. There is also a decrease of 0.4% in the standard error of the
residuals. The effect of this change would be reflected in a slightly smaller deviation
of the 95% prediction line from the regression line. The net effect of all of the
changes on the SLB structural limit, using 95%/95% lower tolerance limit material
properties, is an increase by 0.22 volts, i.e., from 8.82 volts to 9.04 volts. The 3 AP
limit increases from 4.05 to 4.20 volts, and the SLB AP limit increases from 28.5 volts
to 28.7 volts. The decrease in the standard error of the residuals will also slightly
decrease the probability of burst for bobbin indica..ons over all of the structural range
of interest. Based on the small change in the structural limit, the decrease in the
probability of burst would also likely be small. For very high voltages, e.g., about
twice the SLB structural limit, the effect of the higher intercept and smaller siandard
error would be expected to be offset by the smaller slope and the probalnlity of burst
would shightly increase.

3.3.2 Probability of Leak (Pol.)

The same six data points examined relative to the burst pressure correlation were
also examined relative to the reference correlation for the PoL as a function of the
common logarithm of the bobbin amplitude. Figure 3-14 illustrates the Beaver
Valley 1 data relative to the reference correlation. All of the specimens exhibited PoL.
behavior commensurate with expectations indicated by the reference regression curve.
Based on the visual examination, there appears to be no significant evidence of
irregular results, 1.e., outlying behavior 1s not indicated.

In order to assess the effect of the new data on the correlation curve, the database
was expanded to include the Beaver Valley 1 data and a Generalized Linear Model
regression of the PoL. on the common logarithm of the bobbin amplitude was repeat-
ed. A comparison of the correlation parameters with those for the reference database
1= shown in Table 3-12. These results indicate a 0.1% reduction in the logistic
intercept parameter and a 0.1% increase in the logistic slope parameter. The values
of the parameter variance-covariance matrix were similarly affected, each being
shghtly reduced. The Pearson standard error decreased by 2.8% from 0.64 to 0.62.
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This would normally be considered to be a negative indicator since the ideal value 1s
1.0, however, the magnitude of the change 1s not considered to be significant, and the
cause of the change i1s due to the fact that none of the indications leaked. In order
to assess whether or not these changes are significant the reference correlation and
the new correlation were also plotted on Figure 3-14. An examination of Figure 3-14
reveals essentially no change in the correlation, thus, the Beaver Valley 1 data are
consistent with the reference database. It is noted that when the tctal leak rate is
determined using the leak rate to bobbin volts correlation, the resulting value can be
quite insensitive to the form of the PoL. function. Hence, the effect of the changes in
the parameter values and variances 1s judged to be insignificant relative to the
calculation of the expected total leak rate.

3.3.3 Leak Rate vs. Bobbin Amplitude

Since none of the indications exhibited any leakage, the reference correlation of leak
rate to voltage 1s unaffected. However, the reference correlation of leak rate to
voltage exhibits a p-value of 6.5% for the slope parameter, hence, the use of the
correlation in performing Monte Carlo simulations to estimate the total leak rate 1s
not justified based on the requirements stipulated in the draft Generic Letter for
voltage based plugging criteria.

3.3.4 General Conclusions

The review of the effect of the Beaver Valley 1 data indicates that the burst pressure,
the probability of leak, and the leak rate correlations to the common logarithm of the
bobbin amplitude would not be significantly changed by the inclusion of the data.
Therefore, it 1s unlikely that the conclusions relative to EOC probability of burst and
EOC total leak rate based on correlations obtained using the reference database
would be significantly affected by repeating those analyses using an expanded
database which includes the Beaver Valley 1 test data. Although expected to be not
significant, 1t 1s noted that inclusion of the Beaver Valley 1 test data will result in a
decrease in the probability of leak and a decrease in the probability of burst. This 1s
because of a decrease 1n the uncertainty of the estimate of the population standard
errors due to the increase in the number of degrees of freedom of the data, the
decreases 1n the standard errors of the regressions, and the changes in the
parameters of the regressions. Thus, the 95% confidence bound on the total leak rate
would likewise be reduced, as would the probability of burst of one or more
indications.
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Table 3-1 (Page 1 of 3)

Comparison of NDE Indications Observed at Beaver Valley Unit 1
on S/G Tubes at Hot Leg Locations

Tube/ Field E/C Lab E/C Field UT Lab UT Lab X-Ray
Location
R10C48, Bobbin: NDD (0.28V | Bobbin: 0.45V DI, 50% | Small patch OD Small patch OD axial | Short Cire
TSP1 DD* deep; 1.9V dent axial Inds Inds + separate patch | Ind at TSP
RPC: NDD RPC: NDD Cire Inds at crevice bottom,
hottom possible ICC
R10C48, Bobbin: NDD Bobbin: 2V dent NDD Short Circ Ind at NDD
TSP2 RPC: NDD RPC: NDD crevice bottom
NOTES 1. CECCO 5 probes were utilized to interrogate the pulled tube specimens both prior and subsequent to tube pulling operations. The

(* = field reevaluation value (corrected for cross

results of the CECCO examinations are generally consistent with the other NDE resuits. Field CECCO results were previously
submitted in the Return to Power Report submitted on March 2, 1995,
2. The laboratory UT and/or X-ray results that indicate Circ. Inds are associated with [CC or breaks in deposits at TSP edges. No
circumferential cracking was identified by destractive examination.

calibration)

Ind = Indication

TSP = Tube Support Plate

V = Voltage

MAI = Multiple Axial Inds

Circ = circumferential
Max = maxumum

NDD = Mo Detectable Degradation
RPC = Rotating Pancake Coil

ICC = intergranular cellular corrosion

Jshare\lescs\dlwipe 060995 974 am

SAl = Single Axial Ind
E/C = Eddy Current
UT = Ultrasonic Test

3-11

#C = number of cracks

DI = Distorted indication
OD = Outside Diameter



Table 3-i (Page 2 of 3)

Comparison of NDE Indications Observed at Beaver Valley Unit |
on S/G Tubes at Hot Leg Locations

Tube/ Field E/C Lab E/C | Field UT Lab UT
Location
—
R22C38, Bobbin: 0.64V DI Bobbin: 0.9V DI (36% | Two patches OD axial | Three patches of OD Faint spider-
TSP1 0.7V Ind, 37% deep) plus two inds, plus one short axial and Circ Inds, like Inds
deep)* distorted dents (1.2V | Circ Ind 40% max depth within crevice
RPC: NDD (2 & 3.9V) region
patches, 0.2 & 0.3V, | RPC: many patches,
88 & 52% deep)* 0.25 & 0.55V, up to
93% deep
R22C38, Bobbin: 0.44V DI Bobbin: 0.7 & 0.7V Three patches OD Three groups of OD NDD
TSP2 {0.33V DI, 76% Inds, up to 84% deep; | axial Inds axial and Circ Inds,
deep)* 3V dent 40% max depth
RPC: SAI (0.14V Ind | RPC: many patches,
with many patches, | 0.38V, up to 84%
58% deep) deep
R22C38, | Bobbin: 1.73V DI Bobbin: 2.1 & 0.5V Possible shallow OD Patch of OD axial and | Possible MAI
TSP3 0.6V DD* Inds, up to 76% deep | axial Inds within Circ Inds, with 0.29" (2), 0.25"
RPC: 0.41" SAI & 2.3V dent crevice deposit signals | SAI in patch, 35% max, within
(0.5V, 120° patch, RPC: 0.7V, 120° deep
62% deep & 0.27V patch

small patch, 65%
deep)
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Table 3-1 (Page 3 of 3)

on S/G Tubes at Hot Leg Locations

Comparison of NDE Indications Observed at Beaver Valley Unit 1

Tube/ Field E/C Lab E/C Field UT Lab UT
Location "
R28C42, | Bobbin: 0.72V DI Bobbin: DI in 2V dent | One patch OD axial Large patch (180°)
TSP1 (0.56V Ind, 66% RPC: two patches, Inds OD axial and Cire
deep)* 60% deep Inds, 30% max depth
RPC. SAI (0.29 &
0.15V patches, up to
62% deep)*
R28C42, Bobbin: 1.12V D¢ Bobbin: 1.0V DI, 75% | Shallow OD SAI within | 120° patch OD axial Possible faint
TSP2 (1.0V Ind, 53% deep; 2.9V dent crevice deposit signals and Circ Inds at mid- | SAI 0.1" long
deep)* RPC: 0.66V 180° czevice to TSP
RPC: 0.44" SAI volumetnc Ind, 83% bottom, 30% max
(0.3V 180" patch, deep depth
53% deep)*
R28C42, Beobbin: NDD Bobbin: 0.6V DI in NDD Small spot with OD NDD
TSP3 RPC: NDD (0.2V 4V dent axial and Circ
volumetric Ind, 59% | RPC: noisy data response, 20% max
deep)* depth
J\share\leses \diwipc 060695 16:09 pm 3-13



Table 3-2
Beaver Valley Unit 1 Leak Test Results for Steam Generator Tubing

Tube No., Test Type: Leak Rate | Test Conditions
Location Differential | (liters/hou

Pressure r)

R22C38, P = 2294, Pe=962, T,= 615, Tg=

P

TSP3 ITC1: 1919 | zero 612
SLB: 2588 | zero P,= 2434, Pg=515, Tp=622, T=
618
P,= 2783, Pg=195, Tp=622, Tg=
613
R28C42, NOC: 1257 | zero P = 2216, Pg=959, Tp=612, Tg=
TSP2 ITC1: 1894 | zero 606
SLB: 2560 zero P6=- 2416, Pg=522, T,=620, Tg=
605
P =2770, Pg=210, Tp=622, Tg=
553 |
Legend: All data within a table block is presented in the order of testing,

NOC= normal operating conditions, ITC= intermediate test
conditions, SLB= steam line break conditions, P = primary side
pressure (psi), P¢= secondary side pressure (psi), Tp= primary
side temperature ("F), T¢= secondary side temperature ("F)
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Table 3-3

Room Temperature Burst and Tensile Test Results

for Beaver Valley Unit 1 Hot Leg S/G Tubing

Pressure (% Dia) | (inches) (inches) Fracture Tensile YS (psi) Elongation

ety (psig) {1 1 = |]load(bs) (psi) 7 (%)

| R10C48, FS 12,964 313 2078 0406 15,270 85,700 115,700 293
R10C48, TSP1 | 11968 19.0 1507 0.286

| R10C48, TSP2 | 12,891 263 1.869 0449

| R22C38, FS 12,056 288 1. 035 14,730 63,000 111,600 298

| R22C38 TSP1 | 9712 144 1301 0305

| R22C38, TSP2 | 10,254 138 1.357 0.348 11,4207 NM NM NM
R22C38, TSP3 | 10.576° 158 1.295 0296 12,000
R28C42, FS 12,100 23 1924 0408 14,320 58,450 106,050 R0
R28C42, TSP1 | 11,353 27 1527 0380 13,750

| R28C42, TSP2 | 10,503 194 1.401 0350 12,500* NM NM NM
R28C42, TSP3 | 11,792 235 1.598 0423
Control 11,440 nodata | nodata no data 51,459 105,700 302
s 5. N A NN LSS, P

Legend TSP = support plate crevice region location; FS = free span location, NM - not meaningfud, as data was obtained from a tensie test of a burst speamen

+ = Burst speamen used a bladder and foil over largest defect area and was burst in a semy-restraint condition. Al other burst speamens were burst without bladders
and foills and without a restraint conditions.
* = Thase four tensile speamens were tensile tested following burst testing

YS = Yield strength.

UTS = Uttimate tensile strength.

» apc diw95 diw90 day

June 6 19956 1009 pm
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Table 3-4

Beaver Vailey Unit 1 Destructive Examination Planning Data for TSP Specimens

* = All bursts occurred centered within the crevice regions.
FS = free span, TSP = tube support plate; FF = fracture face
SEM = Scanning Electron Microscopy
DE = Destructive Exammation

J \share\Jescs \dlwipc 060895 10.56 am
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—=
Specimen E/C Data (fizid bubbin Burst & Ductility FE Crevice Region* Corrosion (visually DE Plan
probe) Ratios (specimen/ Corrosion® observed)
FS value) {visually
10-C48, FS NDD 1.00/ 1.00 No No No
R10-C4R, TSPI NDD (0.28V DI) 0.92/0 61 Yes Yes, 70° ICC patch + axial cracks at TSP Yes, both metallogrephy and SEM FF
bottom edge
R10-C48, TSP2 NDD .99/ 0 84 Yes Yes, 30° ICC patch + random axial cracks | Yes, SEM FF only
R22-C38, FS NDD 1.00/ 1.00 No No No
®22-C38, TSPI 0.64V DI (0.7V Ind) 0.80/0.50 Yes Yes, mostly axial cracks over 360" Yes, both metallography and SEM FF
R22-C38, TSP2 0.44V DI (0 33V DI) 0.85/0.48 Yes Yes, 80" ICC patch + other minor cracks Yes, both metaliog.aphy and SEM FF
(after tensile testing of burst specimen)
R22-C38, TSP3 1.73V DI (0.6V DI) 0.88/ 0.55 Yes Yes, 80° ICC patch + 2 long SAl Yes, both metallograpby and SEM FF
{after tensile testing of burst specimen)
R28-C42 FS NDD 1.0 106 No No No
R28-C42, TSPI 0.72V Di (0.56V Ind) 0.94/0.70 Yes Yes, 120" ICC patch + 2 long SAI Yes, SEM FF only
(after tensile testing of burst specimen)
R28-C42, TSP2 112V Di (1. .0V ind) 087/ 0.60 Yes Yes, 360° ICC at TSP bottom edge Yes, both metallography and SEM FF
+ 140° ICC patch (after tensile testing of bu:st specimen)
_R28.C42, TSP3 NDD | 0.97/0.73 Yes, SEM FF onl



Table 3-5 (Page | of 4)

Beaver Valley Unit | S/G Tube Burst Opening Macrocrack Profiles

, -

Tube, Length vs. Depth & Ductile Ligament Positional 'iiformation Comments

Specimen Data
(inches/% throuihwal]) [

R10C48, TSP1 | 0.00/00_ 5 007 wi Crack Bottom (lecated 0.016" The axaally
0.04/36 R above TSP bottom) onented burst
0.08/40 macrocrack had
0.12/44 three ductile
C.16/40 ligaments with
0.20/38<___ng8mem 2/0.003" wide dimple rupture
0'24/44<.--Ligamem 3/0.020" wide featurgs
0.28/32 occurring over
0.32/47 <--(Max. depth = 47%) more than 50% of
(0.346/00) Crack Top their length.
(Ave. depth = 36%, Macrocrack Length
= (.346")

R10C48, TSP2 | 0.00/00 Crack Bottom The axially
0.01/08 oriented burst
0.02/14 macrocrack had
0.03/22 <--(Max. depth = 22%) one ductile
0.04/12 iigament with
0.05/00<---Ligament 1/0.020" wide dimple rupture
0.06/18 features
(0. 068/00) Crack Top (located 0.20" below | occurring over

(Ave. depth = 11%, Macrocrack TSP top) more than 50% of
Length = 0.068 inch) its length.
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Table 3-S (Page 2 of 4)
Beaver Valley Umt | S/G Tube Burst Opening Macrocrack Profiles

Tube, Length vs Depth & Ductile Ligament Data Positional Information
pecumnen . 3 IQC‘ 4

R22C38, TSPI 0 00/00 Crack Bottom (located 0 052" above TSP

005/18 bottom)

010125

0.15/29

0 20042

0.25/30

030/28

0.35/52 < (Max. depth = 52%)

0.40/42

0.45/18

0.50/25

0.55/25

0.60/18

0.65/20

(0. 675/00) (Ave. depth = 26%, Macrocrack Length = Crack Top
0.675 inch)

0.05/32
0.10/24

0.15/18 . _jigement 2/0.008" wide
0.20/46 . | ;gamens 3 & 4/0 003 & 0.007" wide

0.25/52 . _41; s g
0.30/45< Ligament 5/0. 002" wide

0.35/48
0.40/54 . _ 1 ;cument 6/0.001° wide
0.45/58 . 1 igement 7/0.001" wide

0.5361) = (Max depth —61'%)
0.55/57 ¢ _1igament 9/0 004" wide
0.60/50 . _yipament 10/0.007" wide
0.65/46 . 1 pament 1170 002" wide

070041 - e
0.75/00 < ignment 12/0.002" wide Crack Botiom & Location of TSP Bottom

Ave. depth = 38%, Macrocrack Length = 0.750"
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smments

0 00/00 _
0 05/17

0 10/28 '
0.15/30
0 20/26
0 25/40
0 30/48

0 11/59

i

0 ISR
0 40/48
0 45/41
0 .50/43
0 55/40
0 60/34
0 65 40

Li
L
L
L
Li
0. 70/08

(0.716/00) (Ave. depth

)

gaments

gaments

gamen

{Max. depth L A

gament 8/0 003" wide
gament 90 001" wide
gaments 10 & 11/both
gament 1 2/0 004" wide

gament 0 2" wide

716 inch)

Tk

wiile

32% . Macrocrack Length

Tensile Fracture

Crack Bottom

%

athor

T T T e T

i
i
|
l

e axially onented burst

macrocrack had nmne

dimple rupture features
occurnng over more than

SO% of thes

The axisily oriented burst
macrocrack had thirteen
ductile :!;:av'!cn!c with
dimple rupture features
occurnng over more than
S50% of their }cngh




Table 3-5 (Page 4 of 4)
Beaver Valley Unit 1 S/G Tube Burst Opening Macrocrack Profiles

Tube,

R28C42, TSP2

Length vs. Depth & Cuctile Ligament Data
inches/ % througi

0.00/00
0.05/12
0.10/10
G.15/08

0.2533 . _{igamem 1/9 001" wide
g-g‘;ﬁ% - Ligaments 2 & 3/0 013 & 0.005" wide
: <~ Ligamen 410 027 wide
(0.34/44) < (Max. depth = 44%)
0.40/42 . _ 4 ioaments 5 & 6/0 002 & 0 004" wide
0.45/40 . _; ioament 7/0 001" wide
o.sono<_,.w R/0 0042 wide
355’33<---u,.m /0006 wide
60730 . igaments 10, 11, 12/.004, 002, 013 wide
0.65/16
0 70/04
(0.732/00) (Ave. depth = 25%, Macrocrack Length =
0.732 inch)

Positional Information

Crack Top & TSP Top Location

< -~ Tensile Fracture Location

Crack Bottom

Comments

The axially oniented burst
macrocrack had twelve
dimple rupture features
occurring over more than
50% of their length.

R28C42, TSP3

0.00/00

0.05/16

0.10/14

0.15/10

0.20/14

0.25/14

0.30/18

0.35/27

0.40/38 < -(Max. depth = 34%)
0.45/24

0.50/28

0.55/20

0.60/16

0.65/14

0.70/10

(0.718/00) (Ave. depth = 17%, Macrocrack Length =

0.718 inch)

J \share\leses «dlwipe 060695 16:09 pm

Crack Bottom (located 0.022° above TSP
bottom)

Crack Top
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Beaver Valley Unit 1 S/G Tube ICC Network Profiles on Te s

Table 3-6 (Page 1 of 4)

acture Faces

Tube, Location | Circ Position vs. ICC Depth Comments
(degrees/% throughwall)
R22C38, TSP2 | 8/20 There were two main ICC

(U5/0) < 1cc Network #1 Tip
30/0

52/0

75/0

(77/0) <-- ICC Network #2 Tip
98/16
120/44
142/40
165/8
(168/0)
188/8
210/0
232/0
255/0
(265/16)

278/0
300/0
322/0
345/0
(355/0)

<-- Axial Burst Location

<-- ICC Network #2 Tip

depth

<-- ICC Network #1 Tip

(Ave. depth = 8% around

original tube)

DLWIPC1.WPF/060695 17:51 pm 3-21

<- |CC patch, 8° long, 10% ave.

networks. Networks #1 & 2
were 20° and 91° long,
respectively. There were 3
ductile ligaments present
within these ICC networks.




Table 3-6 (Page 2 of 4)

Beaver Valley Unit 1 $/G Tube ICC Network Profiles on Tensile Fracture Faces

Tube, Location | Circ Position vs. ICC Depth Comments
(degrees/%s throughwall)

R22C38, TSP3 | 0/0 There were four main 1CC
(5/0)  <--1CC Network #1 Tip networks Networks #1, 2, 3
22/7 & 4 were 42°, 125° 15° and
45/1 15%long, respectively. There
(47/0) <-- 1CC Network #1 Tip were 18 ductile ligaments
68/0 present within these ICC
(75/10) <--1CC patch, 4° long, networks.

10% ave. depth
90/0
(95/0) <-- ICC Network #2 Tip
112/34
135/42
158/40
180/44 <-- Axial burst location
202/40
(220/0) <-- ICC Network #2 Tip
225/0
(240/0) <-- ICC Network #3 Tip
248/16
(255/0) <-- 1CC Network #3 Tip
270/0
(285/0) <-- ICC Network #4 Tip
292/10
(300/0) <-- ICC Network #4 Tip
3152 <-- ICC patch, 5° long, 2%

ave. depth
338/0

(Ave depth = 15% around

origingl tube!
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Table 3-6 (Page 3 of 4)

Beaver Valley Unit 1 S/G Tube ICC Neiwork Profiles on Tensiie Fracture Faces

[ube, Location | Circ Position vs. ICC Depth Comments

iy ,,,_A,JL‘!“S“‘““ % throughwall)

|
R28C42 TSPI ) There were three main 1CC

- ICC Network #1 Tip networks. Networks #1, 2, &
3 were 17°, 20” and 233" long,
| ICC Network #1 Tip respectively. There were 29
' ductile ligaments present

i (60/0) <-- JCC Network #2 Tip within these ICC networks

| 6HR/3

I

\

1

|

i
|
|
r
|
|
{
|

| (80 -- JCC Network #2 Tip
| YO
; (92 - 1CC Network #3 Tip
[ 112
135

Axial burst location

[CC Network #3 Tip

\ | 0
(Ave. depth = 12% around

riginal tube)
S

DLWIPC1. WPF/060695 17:51 pm




Table 3-6 (Page 4 of 4)

Beaver Valley Unit 1 S/G Tube 1CC Network Profiles on Tensile Fracture Faces

Tube, Location

Circ Position vs. ICC Depth
(degrees/% throughwall)

Comments

| R28C42.TSP2

8/35

30/36

52/28

75/12

98/10

120/11

142/6

(160/0) <-- ICC Network Tip

165/0

(170/18) <-- ICC patch, 5° long,
18% ave depth

188/0

210/0

232/0

255/0

(270/0) <-- ICC Network Tip

278/22

300/26 <-- Axial Burst Location

322/30

345/34

(Ave. depth = 16% around

original tube

DLWIPC1. WPF/060695 17:51 pm 3-24

The 250" long ICC network
had 11 ductile ligaments
present within the main ICC
network.




TABLE 3-7
METALLOGRAPHIC DATA OF BEAVER VALLEY UNIT 1| STEAM GENERATOR TUBES

Page

lof2

(% Throughwsil)

= ———

* The smail vaiue of the D/W matio i bssed by the counting of many shallow cracks. The sverage /W ratio for the Inrger cracks having an sverage depth of 13 % throughwall was @ These valses are consistent with the trend of

observing larger [VW ratios for deeper cracks

DLWIPC1. WPF/060695 17:51 pm
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RIOGCAS TSP 10% < Obique < 12%
Radal 15 037 312% < Aviel < S0%
Rt ! 19 039
Raetinl 0 40
Radw! 0 040

R22C3%, TSP Transverse 2.16
Ko ral 1 9 40
Reulinl H | 042




FTABLE 3-7 Page 2 of 2
METALLOGRAPHIC DATA OF BEAVER VALLEY UNIT 1 STEAM GENERATOR TUBES

Sewtron

N——
4

Namber of

Lengih (Inch)

Fatmmated Maxmmum

!
|

per l “umber of Cracks at
|

Mid-C revice Location

|
i

|

Max

Avg. Depth

(% Throughwasd)

Max. Depth of ICC Transverse
and Avisl Components (% Throughwsll in
Radial Section;

Avg. VW Ratie
From Tramsverse
Section

] : ]
R 5 ‘ 1 ransy erse l ; §1 13 ( 4324 16 < Obligue < 38 b
! Rachal 4 20 depth = 2% I8 < Axial < 80
| Radsai { | 44 )7 deoth = 16%
| Retit | s [ ) 44 9 depth = 8%
h— — Padm 4 2 : ET ).44 0 depth = 60%
R22Ci%. TS T iy e ree $) 52 16 126 N it Obbgue < &) 10
i om! (l L) 0N L depth = 7% IR < Axinl < &0
Rt onl i 9 H 3% iy depth = 16%
Radin i 10 ) 43 ” depth = I8 %
Radial i ) 43 0 depth = SO%
— -
RIRC42, TSP i T raewy eree i 149 2. 65 6 186 1713 e
Radwl | I 18 I8 a8 depth = 2% 16 < Obligue < M
Radw! | | 3 047 ' depth = 16% 34 < Axial < 56
Radm! | { ) 49 10 depth = 34 %
Radmi | | 0 ) 49 0 depth = 6%
i Radisi 2 ! 0 049 61 depth = 2% 14 < Oblique < 34
! Redwi2 | ) ¢ 49 61 depth = 14% ¥4 < Axial < 52
! Rachinl 7 i 10 049 0 depth = 34%
{ I Radwl 2 1 0 { ) 49 0 depth = S2%
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Summary of Beaver Valley-1 Pulled Tube Eddy Current Resuits

T Field Call Lab. Reevaluation of Field Data
fube 'S’ Bobbin RPC ur Bobbin | ASME Bobbin Depth RPC Bobhin
Volts" Volts Volts Cal_;:’= Volts® _|_Volts Volts
Steam Generator A
R22C38 | | 0.64 0.60 MAI 0.70 1.029 0.72 37% 0.3 0.9
2 0.44 0.26 MAI 0.52 1.029 0.54 76% 0.14 0.7
3 Ko 0.35 MAI 0.60 1.029 0.62 DI 0.5 2.1
R28C42 | | 0.72 0.39 MAI 0.56 1.029 0.58 66% 0.29
2 1.12 0.19 SAI 1.05 1.029 1.08 53% 0.32
3 NDD NDD | NDD NDD - - - 0.2 ’
RIOC48 | | NDD NDD | MAI 0.28 1.029 0.29 24% NDD 0.45
NDD NDD | NDD NDD - - - NDD Dent
e ————————————ee —
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. Field data include cross calibration of ASME standard to the reference laboratory standard

. ASME calibration represents the cross calibration factor for the field ASME standard to the reference laboratory standard and
is appli