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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 IPC 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 detailin 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 in Section 3.

|

l
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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-4

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 lower4

than the allowable SLB leakage limit of 6.6 gpm and the NRC reporting guideline of
10 2 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 allindications above 1.0 volt) and 88 were confirmed as flaws
by the RPC inspection. The RPC confirmed indications included 6G above 1.0 volt. SG
A had 484 bobbin indications of which 73 were above 1.0 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 in SG 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 rield RPC and UT data also include volumetric features
typical of cellular corrosion.

Two of the pulled 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-
1 data. Four indications were axially tensile tested to the axialload 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 I

IIPC applications.

The probability of prior cycle detection (POPCD) was evaluated for the EOC-9
,

inspection based on indications RPC confirmed plus not RPC inspected in 1995. The'

inclusion ofindications not RPC inspected leads to a lower bound POD assessment,
since it can be expected that many of these low voltage (< 1.0 volt) indications would
not be confirmed by RPC. A POD assessment based on RPC confirmed indications is
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.
This 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 substantially 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 IPC 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.
This conclusion is 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.

f
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3.0 BEAVER VALLEY UNIT 11995 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 (TSP 1,
TSP 2 and TSP 3) from Tubes R22C38 and R28C42 and the TSP 1 and TSP 2 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 regions 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 techniques. 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 consistent 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, TSP 1. In
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addition, laboratory review of the field RPC data indicated a possible smallindication
at R28C42, TSP 3, which is seen in the post-pull bobbin but not identified in the field
cais for either of the four probes. The laboratory review and field bobbin voltages are
i : reasonable agreement and, except for R22C38, TSP 3, show modest differences due

,

to analyst interpretation of the distorted bobbin responses. The field call for R22C38,
TSP 3 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 is 0.62 volt (see Figure 3-2). The laboratory
reevaluation of the field voltages is recommended for the ARC voltage, consistent
with prior tube pull evaluations, to minimize analyst variability in the database
voltages since analyst variability is a component of the NDE uncertainty used for {
ARC analyses. J

!

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, TSP 2. 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 smallindications in addition to the larger macrocrack '

associated 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

,

Ibobbin data. As a consequence, the post pull bobbin data have somewhat reduced
reliability for assessing the differences between pre-pull and post-pullbobbin 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 R22C38, TSP 3 where the bobbin probe
signal strength increased from 0.6 volts to 2.1 volts (with a secondary indication of
0.5 volts). This is considered a moderate increase suggesting that there was some
tearing ofligaments between microcracks. In addition, R28C42, TSP 3 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.

3.1.3 Leak Testing

Two TSP crevice regions (TSP 3 of Tube R22C38 and TSP 2 of Tube R28C42), those
which had the largest voltage (original) field eddy current indications were leak
tested at elevated temperature and pressure at conditions ranging from a simulated
normal operating condition to a simulated steam line break condition. None
developed leaks. Table 3-2 presents test condition data for the specimens.
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|
3.1.4 Burst and Tensile Testing

i
,

All eight pulled TSP crevice regions and three free span regions were burst tested at I
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 1

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, TSP 1, 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 visualinspection showed the presence of wide-spread ICC
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, TSP 2). 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
R22C38 are somewhat on the high side.

3.1.5 Destructive Examination Results

A summary of post-burst test visual inspection data and of burst property data
related to the presence of corrosion is 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 region )
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 ligaments
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, TSP 1 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, I

with average depths ranging from 11% to 38% throughwall and with macrocrack.
lengths ranging from 0.068 to 0.750 inch.

Three TSP regions were initially called bobbin NDD in the field and one (TSP 1 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, TSP 3 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 l

47%, 22%, and 34% for the TSP 1 and TSP 2 region of Tube R10C48 and the TSP 3 |
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 ligaments found within the ICC networks on the fracture faces. The
ICC networks had similar ICC average depths that ranged from 8% to 16% deep and
ICC network lengths that ranged from a totallength 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 ICC front. |

1

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 l

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
regicus that were selected for metallographic characterization. In radial 1

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, TSP 1 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 Eve selected TSP regions,
it was concluded that the dominant OD origin 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 in association with the axial
IGSCC. The most significant ICC (in area) occurred in the cases of TSP 2 and TSP 1
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 TSP 2 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-
12a, but at a depth of 34%. Only axialIGSCC 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 (DAV) ratios where the
extent of IGA associated with a given crack is measured by the ratio of crack depth
to the width of the crack at its mid-depth. DAV ratios greater than 20 are defined as
minor and ratios less than 3 'are defined as significant. Crack density is 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 variation 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 DAV ratios. Note, that all individual
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DM ratios that were low (DM <3) were. associated with very shallow cracks. As
.

many shallow cracks were present, the reported average DM 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, TSP 2 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 DM ratio (22) occurred in Specimen R22C38, TSP 1 and
the lowest average DM ratio (3) occurred in Specimen R10C48, TSP 3, where most ,

cracks were very shallow. |.

3.1.6 Conclusions j

All eight of the TSP crevice regions of Tubes R10C48, R22C38 and R28C42 had OD' i

origin corrosion present. Metallographic data showed that the corroded TSP crevice |
regions had combinations of axially oriented IGSCC and ICC with the axialIGSCC

'

predominating. All corrosion was con 5ned 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 I

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 s

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. TSP 1 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. |
t

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, i.e., those without corrosion. The burst pressure data were
consistent with expectations and near or above mean predictions for the ARC burst
pressure versus bobbin voltage correlation. Tensile tests performed on four of the j

TSP regions with extensive ICC also showed high strength for the specimens. j
i

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 5 eld 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 have been discussed above in Section ;

3.1.2. As noted above, the field and laboratory reevaluations of the field bobbin data '

are in good agreement except for R22C38 TSP 3 and R10C48 TSP 1 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 TSP 3
is due to the field callincluding the mixed residualin 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 variability 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 3-9 should be used in EPRI ARC burst pressure and SLB probability
ofleakage 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 results were evaluated against the EPRI data
exclusion criteria for potential exclusions from the database. Criteria la to le apply
primarily to unacceptablevoltage, 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 is 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.

j EPRI Criterion 2a applies to atypical ligament morphology for indications having
| high burst pressures relative to the burst / voltage correlation and states that high

burst pressure indications with 6 2 uncorroded ligaments in shallow cracks < 60%
deep shall be excluded from the database. Table 3 9 identi6es the number of
remaining ligaments and the manmum depths for the indications. The indications
at R22C38 TSP 1, R28C42 TSP 3 and R10C48 TSP 2 satisfy the data exclusion criterion

;

for ligaments and depth but the latter two indications are bobbin NDD and thus
|

would not be included in the database. The indication at R22C38 TSP 1 does not |
satisfy the part of Criterion 2a requiring that the indication be high on the
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burst / voltage correlation. As shown in Section 3.3, this indication lies 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 ofligaments
in a shallow crack. For R22C38 TSP 1, the bobbin voltage may be high but the burst
pressure is less than expected. This can be seen from Table 3-9 in that the burst
pressure is lower for TSP 1 than the other indications on this tube at TSP 2 and TSP 3
even though the crack length and average depth are smaller than found at TSP 2 and
TSP 3. The burst test opening and burst test recordings for the TSP 1 indication were
reviewed and it was found that it is a clear burst with significant crack extension
(burst length of Table 3-3) and there was no identifiable problem with the burst test
pressure measurements. Therefore, there is no identifiable basis for excluding this
data point and it is retained in the EPRI database.

3.3 COMPARISON OF BEAVER VALLEY-1 DATA WITH EXISTING IPC 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 is 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 ofleak 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 ofleak 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 criteria 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
ofincluding 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 comparisons 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 amplitudes 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 i

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 regresnion analysis of the burst -

pressure cn the common logarithm of the bobbin amplitude was repeated with the
additional data included. A comparison of the regression results obtained by |

including those data in the regression analysis is provided in Table 3-11. The !

intorcept of the burst pressure, P,, 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%, i.e., the slope with the Beaver Valley 1 data is a larger negative number.
Regression predictions obtained by including these data in the regression analysis are !
also shown on Figure 313. 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 slightly 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 i

decrease the probability of burst for bobbin indications 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 i

twice the SLB structurallimit, the effect of the higher intercept and smalle standard
error would be expected to be offset by the smaller slope and the probability of burst

'

would slightly 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, i.e., outlying behavior is not indicated. !

In order to assess the effect of the new data on the correlation curve, the database f
was expanded to include the Beaver Valley 1 data and a Generalized Linear Afodel i

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 ;

is shown in Table 3-12. These results indicate a 0.1% reduction in the logistic i
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 i
slightly 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 is
1.0, however, the magnitude of the change is not considered to be significant, and the
cause of the change is 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 total 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 is judged to be insignificant relative to the
calculation of the expected totalleak rate.

3.3.3 Leak Rate vs. Bobbin Amplitude

Since none of the indications exhibited any leakage, the reference correlation ofleak
rate to voltage is 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 is
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 ofleak, 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 is 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, it is noted that inclusion of the Beaver Valley 1 test data will result in a
decrease in the probability ofleak and a decrease in the probability of burst. This is
because of a decrease in 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 in the standard errors of the regressions, and the changes in the
parameters of the regressions. Thus, the 95% confidence bound on the totalleak 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
TSP 1 DI)* deep; 1.9V dent axialInds Inds + separate patch Ind at TSP

RPC: NDD RPC: NDD Circ Inds at crevice bottom,
hottom possible ICC

R10C48, Bobbin: NDD Bobbin: 2V dent NDD Short Cire Ind at NDD
TSP 2 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
results of the CECCO examinations are generally consistent with the other NDE results. 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 Cire. Inds are associated with ICC or breaks in deposits at TSP edges. No
circumferential cracking was identified by destructive examination.

Irceal nf Abbreviatione

0* = field reevaluation value (corrected for cross TSP = Tube Support Plate V = Voltage Cite = circumferential
calibration) hx1 = Indication MAI = Multiple AxialInds Max = maximum s

NDD = No Detectable Degradation SAI = Single Axial hxl #C = number of cracks DI = Distorted hulication
RPC= Rotating Pancake Coil E/C = Eddy Current OD = Outside Diameter
ICC = intergranular cellular corrosion UT = Ultrasonic Test
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Table 3-1 (Page 2 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

i R22C38, Bobbin: 0.64V DI Bobbin: 0.9V DI (36% Two patches OD axial Three patches of OD ' Faint spider-
TSP 1

_

(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
TSP 2 (0.33V DI, 76% .Inds, up to 84% deep; axialInds axial and Circ Inds,

deep)*
_ .

3V dent 40% max depth
RPC: SAI (0.14V Ind RPC: many patches, i

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
TSP 3 (0.6V DI)* Inds, up to 76% deep axialInds within Cire Inds, with 0.29" (2), 0.25" *

RPC: 0.41" SAI & 2.3V dent crevice deposit signals SAIin patch,35% max, within
(0.5V,120 patch, RPC: 0.7V,120

'

deep crevice region
62% deep & 0.27V' patch
small patch,65%
deep)
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Table 3-1 (Page 3 of 3)

Comparison ofNDE 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

R28C42, Bobbin: 0.72V DI Bobbin: DIin 2V dent One patch OD axial Large patch (180') NDD'
TSP 1 (0.56V Ind,66% RPC: two patches, Inds OD axial and Cire

^

deep)* 60% deep Inds,30% max depth,

R_P_G: SAI (0.29 &
0.15V patches, up to
62% deep)*

; R28C42, Bobbin: 1.12V DI Bobbin: 1.0V DI, 75% Shallow OD SAI within 120' patch OD axial Possible faint
| TSP 2 (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 crevice to TSP

RPC: 0.44" SAI volumetric Ind,83% bottom,30% max'

| (0.3V 180 patch, deep depth
53% deep)*

R28C42, Bobbin: NDD Bobbin: 0.6V DIin NDD Small spot with OD NDD
TSP 3 RPC: NDD (0.2V 4V dent axial and Cire

volumetric Ind,59% RPC: noisy data response,20% max
deep)* depth

|

|

|
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Table 3-2

Beaver Valley Unit 1 Leak Test Results for Steam Generator Tubing

P

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

Pressure r)
(psi)

P,= 2294, Ps= 962, Tp= 615, T =R22C38, NOC: '1332 zero 3

TSP 3 ITC1: 1919 zero 612
P,= 2434, Ps= 515, Tp= 622, Ts=SLB: 2588 zero
618
P,= 2783, Ps= 195, Tp= 622, Ts=
613

R28C42, NOC: 1257 zero P = 2216, Ps= 959, Tp= 612, Ts=:

656TSP 2 ITC1: 1894 zero
SLB: 2560 zero P = 2416, Ps= 522, Tp= 620, Ts=

655
P = 2770, Ps= 210, Tp= 622, Ts=
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), Ps= secondary side pressure (psi),' Tp= primary
side temperature ( F), Ts= secondary side temperature ( F)
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Table 3-3

Room Temperature Burst and Tenmie Test RestAts
for Beaver Valley Unit 1 Hot Leg SG Tubogi

'

Locahon Burst Dix:bbty Burst Length Burst Wdth Tenmie 0.2% Ohet Tenmie (RS Tenmie
'

Pressure (% Dia) (indes) (inches) Fradure Tenmie YS (pm) Bongebon
(psi) Load (Ibs) (psi) (%)9

R10C48,FS 12,964 31.3 2.078 0.406 15,270 65,700 115,700 29.3
!
i R10C48, TSP 1 11,968 19.0 1.507. 0.386

R10C48, TSP 2 12,891 26.3 1.889 0.449

R22C38,FS 12,056 28.8 1.780 0.356 14,730 63,000 111,600 29.8

R22C38. TSP 1 9,712* 14.4 1.301 0.305'

R22C38, TSP 2 10,254* 13.8 1.357 0.348 11.420* PN MWI PN

R22C38 TSP 3 10,576* 15.8 1.295 0.296 12,00(Y PN PM PN ;'

''
R28C42,FS 12,100 32.3 1.924 0.408 14,320 - 58,450 106,050 32.0

'
R28C42 TSP 1 11,353* 22.7 1.527 0.380 13,750" PN PN PN j

R28C42 TSP 2 10,503* 19.4 1.401 0.350 12,50(T PN PN PM !

'
2 R28C42 TSP 3 11,792 23.5 1.598 0.423

Control 11,440 no data no data no data 51,453 105,700 30.2
(NX8161) 11,455 32.7 1.965 0.365 i

Legend- TSP = steport plate oevera region inrusuvi; FS = free span inenhnri; tea - not meerungful, as data was obteriod from a tenede test of a burst speamen ,

+ = Burst speamen used a Martinr and foil over largest defed area and was burst in a serre-resirart cuandhart M cew txsst speamans were burst udtioid hiedders
and fails and usihoti a feelrart condbans
* = Thise four tenede speamens were tensile tested follouang txast techng
YS = Yseld strenget
UTS = Uhmete tenede strength.

.

|
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Table 3-4

Beaver Valley Unit i Destructive Examination Planning Data for TSP Specimens

Specimen E/C Data (field bubbin Burst & Ductility FF Crevice Region * Corrosion (visually DE Plan
probe) Ratios (specimen / Corrosion * observed)

PS value) (visually
observed)

jl0-C48, FS NDD 1.00/1.00 No No No

R10-C48, TSPI NDD (0.28V DI) 0.92/0.61 Yes Yes,70'ICC patch + axial cracks at TSP Yes, both metallography and SEM FF
bottom edge

R io-C48, TSP 2 NDD 0.99/0.84 Yes Yes,30'ICC patch + random axial cracks Yes, SEM FF only

R22-C38, FS NDD 1.00/1.00 No No No

k22-C38, TSPI 0.MV DI (0.7V Ind) 0.80/0.50 Yes Yes, mostly axial cracks over 360' Yes, both metallography and SEM FF

R22-C38. TSP 2 0.44V DI(0.33V DI) 0.85/0.48 Yes Yes,80'ICC patch + other minor cracks Yes, both metallog.aphy and SEM FF
(after tensile testing of burst specimen)

R22-C38. TSP 3 1.73V DI(0.6V DI) 0.88/ 0.55 Yes Yes,80'ICC patch + 2 fong SAI Yes, both metallography and SEM FF
(after tensile testing of burst specimen)

R28-C42, FS NDD 1.00/1.00 No No No

R28-C42. TSP 1 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. TSP 2 1.12V DI(1.0V Ind) 0.87/ 0.60 Yes Yes,360' ICC at TSP bottom edge Yes, both metallography and SEM FF
+ 140'ICC patch (after tensile testing of butit specimen)

R28-C42, TSP 3 NDD 0.97/0.73 Yes Yes, 60' ICC patch Yes, SEM FF only

* = All bursts occurred centered within the crevice regions.
FS = free span; TSP = tube support plate; FF = fracture face
SEM = Scanning Electron Microscopy
DE = Destructive Examination -
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Table 3-5 (Page 1 of 4)

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

Tube, Length vs. Depth & Ductile Ligament Positional Information Comments
Specimen Data

(inches /% throughwall)

R10C48, TSP 1 0.00/00<---Ligament 1/0.007 wide Crack Bottom (lecated 0.016" The axially
0.04/36 above TSP bottom) oriented burst
0.08/40 macrocrack had
0.12/44 three ductile i

0.16/40 ligaments with '

O.20/38<---Ligament 2/0.003" wide dimple rupture ;

0.24/44<---Ligament 3/0.020" wide featuresi

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
! = 0.346")

R10C48, TSP 2 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 ligament 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.

e
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Table 3-5 (Page 2 of 4)
Beaver Valley Unit 1 S/G Tube Burst Opening Macrocrack Profiles

Tube, Length vs. Depth & Ductile Ligament Data PositionalInformation Comments
Specimen (inches /% throut wall)h

R22C38.TSPI 0.00/00 Crack Bottom (located 0.052" above T3P The axially oriented burst
0.05/18 bottom) macrocrack had no ductile
0.10/25 ligaments with dimple
0.15/29 rupture features occurring
0.20/42 over more than 50% of
0.25/30 their length.
0.30/28
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)

R22C38. TSP 2 0.00/00 < _gp,,, g,g. ,w, Crack Top & Location of TSP Top The axially oriented burst
0.05/32 mactuerack had twelve
0.10/24 ductile ligaments with
0.15/18 <-Upmem moos * ,We dimple rupture features

0.2W46<-Uramercs 3 & 4/0.003 & 0.007* wide occurring over more than
0.25/52 <-Ugament 5/0.002* wide 50% of their length.
030/45
0.35/48
0.40/54 <-Ugamem 6/0.00l* wWe
0.45/54<-Ugsment 7/0.00l* wide <-Tensile Fracture Location

b5 6th Mx = 6 %)
*

0.55/57 <_ug,,,,9fn g. g
0.60/50 <-Ugamera 10/0.007* wide
0.65/46 <-Ugament 11/0.002 wide
0.70/41 <--Ugament 12/0.002 wWe
0.75/00 Crack Bottom & location of TSP Bottom
(Ave. depth = 38%, Macrocrack Length = 0.750*)
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Table 3-5 (Page 3 of 4)
Beaver Valley Unit 1 S/G Tube Burst Opening Macrocrack Profiles

Tube, Length vs. Depth & Ductile Ligament Data Positional Information Comments
Specimen (inches /% throughwall)

Q22C38, TSP 3 0.00/00<-Ugameras 1 & 2/txth 0.00l* wide Crack Top & ~13P Top Location The axially oriented burst
0,05/48 macrocrack had nine
0.10/50 ductile hgaments wkh
(0.13/54) <--(Max. desh = 54%) dimple rupture features
0.15/48 <-Tensile Fracaire Location occurring over more than
0.20/42 <-Ligament 3/0.005* wide 50% of theirlength.
0.2502 <-Ugamera 4/0.003* wide
030/36
0.35/38

<-Ugamera 5/0.00l* wide

0.50/46
0.55/34 <-Ugament 6/0.00l * wide
0.60G2 <-Ugament 7/0.006* wide
0.65/24<-Ugaments 8 & 9/0.006 & 0.008* wide
0.70/12
(0.706/00) (Ave. depth = 35%, Macrocrack Length = Crack Bottom

0.706 inch)

R28C42.TSPI 0.00/00<-Ugaments I,2,3/0.001, .005, .002* wide Crack Top & TSP Top location The axially oriented burst
0.05/17 <-Ugaments4,5,6/0.009, .026, .003* wide macrocrack had thirteen
0.10/28 ductile ligarnents with,

| 0.15/30<-Ugament 7/0.004* wide dimple rupture features
0.20/26 occurring over more than
0.25/40 50% of their length.
0.30/48
(0.33/52) <--(Max. depth = 52%)
035/38 <-Tensile Fracture location
0.40/48
0.45/41 <-Ugamern 8/0.003* wide
0.50/43 <_ug. ment 9/0.003* wide
0.55/40<-Ugaments 10 a ll/tioth 0.00l* wide
0.60/34 <_Ugament 12/0.004* wide

0.65/40<-Ursment 13/0.002* wide
0.70/08
(0.716/00) (Ave. depth = 32%, Macrocrack Length - Crack Bottom-

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

Tube. Length vs. Desh & Ductile Ligamer.t Data PositionalInformation Comments ;

specimen (inches /% thmughwall)

R28C42. TSP 2 0.00/00 Crack Top & TSP Top location The axially oriented burst
0.05/12 macrocrack had twelve
0.10/10 ductile hgaments with
0.15/08 dimple rupure features
0.20/36 occurrmg over more than

| 0.25/33 <-Ugames I/0.00l* wide 50% of their length.

0.30/32 <- Usamems 2 & 3/0.013 & 0.005* wide <-Tensile Fracture Location

h5xNh= 44%)0.34
0.40/42 <-Ugamems 5 & 6/0.002 & 0.004* wide
0.45/40<_y ,,,,7jn oog. wideg,

0.50/40 <-Ugamem 8/0.0043' wide
1 0.55/38 <-Ugemem 9/0m* wide

<-Ugaments to, 11,12/.004, .002, .013" wide,
0.70/04 '

(0.732/00) (Ave. deph = 25%, Macrocrack Length = Crack Bottom
0.732 inch)

R28C42, TSP 3 0.00/00 Crack Bottom (located 0.022* above TSP The axially oriented burst i

0.05/16 bottom) macrocrack had no ductile
0.10/14 ligaments with dimple
0.15/10 rupture features occurring '

O.20/14 over more than 50% of
0.25/14 their length.
0.30/18
0.35/27
0.40/34 <--(Max. degh = 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 = Crack Top

0.718 inch)

i

! 2
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Table 3-6 (Page 1 of 4)

Beaver Valley Unit 1 S/G Tube ICC Network Profiles on Te aA ' acture Faces |
.

Tube, Location Cire Position vs. ICC Depth Comments -

(degrees /% throughwall) j
,

R22C38, TSP 2 8/20 There were two main ICC ,.

t

(15/0) <-lCC Network #1 Tip networks. Networks #1 & 2
30/0 were 20 and 91 long,
52/0 respectively. There were 3

ductile ligaments present ;75/0 within these ICC networks. ;

(77/0) <-ICC Network #2 Tip '

98/16 ;

120/44 <- Axi.i sur.: Loc. tion i

142/40 i

165/8
(168/0) <-ICC Network #2 Tip |

188/8 |

210/0 ;

232/0 ;

255/0 |
(265/16) <- ICC p.tch, 8' long,10% ave. I

depth i

278/0 !
300/0 i

322/0 |
345/0 !

I(355/0) <-ICC Network #1 Tip
(Ave. depth = 8% around ;

*

original tube)

;

:

?

,

i

:
1

1

DLWIPC1 WPF/06069517:51 pm 3-21
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Table 3-6 (Page 2 of 4)

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

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

'

R22C38, TSP 3 0/0 There were four main ICC
(5/0) <-- ICC Network #1 Tip networks. Networks #1,2,3
22/7 & 4 were 42',125",15', and

845/1 151ong, respectively. There

(47/0) <-- ICC Network #1 Tip were 18 ductile ligaments
68/0 present within these ICC
(75/10) <--ICC 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 i

248/16
(255/0) <--ICC Network #3 Tip
270/0 4

(285/0) <--ICC Network #4 Tip
292/10
(300/0) <--ICC Network #4 Tip i

315/2 <- ICC patch,5 long,2%
ave. depth

338/0
(Ave. depth = 15% around -

original tube)
,

1

DLWIPC1.WPF/06069517:51 pm 3 22 |
|
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Table 3-6 (Page 3 of 4)

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

Tube, Location Cire Position vs. ICC Depth Comments
(degrees /% throughwall)

R28C42, TSP 1 0/0 There were three main ICC

(15/0) <-- ICC Network #1 Tip networks. Networks #1,2, &
8

22/4 3 were 17',20' and 233 long,

(32/0) <-- ICC Network #1 Tip respectively. There were 29
45/0 ductile ligaments present

(60/0) <-- ICC Network #2 Tip within these ICC networks.
68/3

(80/0) <-- ICC Network #2 Tip
90/0
(92/0) <-- ICC Network #3 Tip
112/24
135/12
158/35
180/28 <-- Axial burst location
202/32 |
225/16 |
248/16 |

270/10 i

292/8
315/2
(325/0) <--ICC Network #3 Tip
338/0 |

(Ave. depth = 12% around ;

original tube)

,

DLWIPC1.WPF/06069517:51 pm 3 23
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Table 3-6 (Page 4 of 4) ;

;

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

i
!

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

R28C42, TSP 2 8/35 The 250"long ICC network !
30/36 had 11 ductile ligaments ,

52/28 present within the main ICC |
75/12 network. ;

98/10 |
120/11 ;

142/6 i
(160/0) <--ICC Network Tip :

165/0 :

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

188/0 !

210/0
232/0 r

255/0 !
(270/0) <-- ICC Network Tip
278/22
300/26 <-- Axial Burst Location
322/30
345/34

(Ave. depth = 16% around
original tube) [.

;
,

!

!
,

:
*

t

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

Sectima Creche Fatimused Massesem MemJAvg. Ihyth Mas. Degab etICC Transverse Avg. D/W Ratie
sectism Tyye NW of Imagth Gach) per Nummher of Cracts at (% ThrweghouW med Asimi Commpmmeute (% nreughwam in Fream Transverse

Saseismen Crerhe Imch Midtrwire laratism Radial Seetsmal S-*'==

R10C48, T5P1 Trumsverse 39 2.18 18 90 20/4 10% < Obioque < 32% 3*
Radel 16 0.37 43 depeh = 45 32% < Axial < 60%
Radial 19 0.39 48 depeh = 30%
Radel 0.40 18 depeh = 32%*

Radial 0 0.40 0 depth = 60%

R22C38,15P1 Transverne 44 2.16 20 77 63/33 28% < Oblique < 48% 22
Radel 12 9.40 30 depth = 4% Axial > 48%
Radial 11 0.42 26 deyen = 10%
Redint 9 0.42 21 depeh = 28%
Radini 1 0 42 2 derwh = 48%

'
* N man 11 value of the D/W rumo in based by the courmag of many shmilow cracks. N everage D/W runio for the Imager cracks having an average depth of 13 % direughwat was 9. Dese vakses ese .- ^wida die sneed of

observing larger D/W ratios for deeper cracks.

.

DLWIPC1.WPF/06069517:51 pm 3-25
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TABLE 3-7 Page 2 0f 2
METALLOGRAPHIC DATA OF BEAVER VALLEY UNIT 1 STEAM GENERATOR TUBES

|
!

| Secties Cracks Estimated Mantanuma Ma JAve. Ibyth Man. Ibyth of ICC Transverse Avg. IWW Ratio
| Seetion Naumher of lemeth Gmeh) per Namsher of Cracks at (% ThroushweiO and Asial Campemente (% hrougheo5 in Frema Transverse

Mperismen Type Croche Inch Mid-Crevice Imession Rashal hetlen) betion

R22C38. TSP 2 Transverse 31 2.51 13 70 43/24 16 < Oblique < 38 9

|
Radal 17 0.42 40 deyeh = 2% 38 < Axial < 60

' Redal 12 0.44 27 depth = 16%
Radial 4 0.44 9 depeh = 38%
Radial 0 0 44 0 depth = 60%

R22C38.T5P3 Tiensverse 40 2.52 16 126 40/23 38 < ObHgue < 60 10
Radal 26 0.30 87 depeh = 25 38 < Axial < 60
Radial 29 0.38 76 depeh = 16%

| Relial 10 0.43 23 depeh = 38%
Radial 0 0 43 0 depth = 60%

|

| R28C42 T5P2 Transverse 149 2.65 56 186 21/13 6
'

Radal 1 18 0.38 48 depeh = 2% 16 < Ot4que < 34
Radial 1 23 0.47 49 depeh = 16% 34 < Axml < 56
Radial I 5 0.49 10 depeh = 34%
Radel 1 0 0.49 0 depeh = 56%
Radial 2 30 0.49 61 depth = 2% 14 < Obuque < 34
Redel 2 30 0.49 61 depeh = 145 34 < Amin! < 52
Radel 2 to 0.49 20 depth = 34%
Radial ? 0 0 49 0 depth = $2%

DLWIPC1.WPF/06069517:51 pm 3-26
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Table 3-8. Summary of Beaver Valley-1 Pulled Tube Eddy Current Results

T Field Call Lab. Reevaluation of Field Data Post Pull Data
Tube S

'

P Bobbin RPC UT Bobbin ASME Bobbin Depth RPC Bobbin RPC UT
Volts * Volts Volts Cal." Volts * Volts Volts Volts

Steam Generator A

R22C38 1 0.64 0.60 MAI 0.70 1.029 0.72 37 % 0.3 0.9 0.55 MAI

2 0.44 0.26 MAI 0.52 1.029 0.54 76 % 0.14 0.7 0.38 MAI

3 1.73* 0.35 MAI 0.60 1.029 0.62 DI 0.5 2.1 0.7 MAI

R28C42 1 0.72 0.39 MAI 0.56 1.029 0.58 66 % 0.29 DI 0.5 MAI

2 1.12 0.19 SAI 1.05 1.029 1.08 53 % 0.32 1.0 0.66 MAI

3 NDD NDD NDD NDD - - - 0.2 g }} 6 Noisy MAI

R10C48 1 NDD NDD MAI 0.28 1.029 0.29 24 % NDD 0.45 NDD MAI

2 NDD NDD NDD NDD - - - NDD Dent NDD NDD

Notes: 1. Field data include cross calibration of ASME standard to the reference laboratory standard
2. ASME calibration represents the cross calibration factor for the field ASME standard to the reference laboratory standard and

is applied to the laboratory reevaluation to obtain the corrected APC volts ;

3. Bobbin voltage included mixed residual to assure that indication was RPC inspected (i.e., > 1.0 volt). Flaw component of 0.6
volt from reevaluation is recommended for ARC database

1

|

DLWIPC1.WPF/06069517:51 pm 3-27
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Table 3-9. Beaver Valley-1 Pulled Tube Data for ARC Applications

T Bobbin Data Destructive Exam Resuks Leak Ratuhr Burst Pressure Data - ksi
Tube S RPC Axial

g Voks Tensile
Max. Avg. Crack No. N. O. SLB Fracture Meas. o, o, A(j.

i

Voks Depth Depth Depth Length Lig.* 1300 2560 (Ibs) Burst Burst !
paid psid Press. Press.

Steam Generator A

R22C38 1 0.72 37 % 0.3 52 % 26 % 0.675 0 0.0* 0.0* - 9.712 8.344

2 0.54 76 % 0.14 61 % 38 % 0.750" 12 0.0* 0.0* 11,420 10.254 8.809

3 0.62 DI 0.5 54 % 35 % 0.706* 9 0.0 0.0 12,000 10.576 9.086

FS 14,730 12.056 63.0 111.6 10.357

R28C42 1 0.58 66 % 0.29 52 % 32 % 0.716* 13 0.0* 0.0* 13,750 11.353 10.352

2 1.08 53 % 0.2 44 % 25 % 0.732" 12 0.0 0.0 12.500 10.503 2.45 9.577

3 NDD NDD 0.2 34% 17 % 0.718" 0 0.0* 0.0* - 11.792 10.753

FS 14,320 12.100 58.5 106.1 11.033

R10C48 1 0.29 24 % NDD 47 % 36 % 0.346" 3 0.0* 0.0* - 11.968 9.8%

2 NDD NDD NDD 22 % 11 % 0.068" 1 0.0* 0.0* 12.891 10.660

FS 15,270 12.964 65.7 115.7 10.720

Notes:
1. FS is freespan section of tubing with no tube degradation to obtain tensile properties and undegraded tubing burst pressure.
2. Number of uncorroded ligaments with > 50% of ligament length remaining in burst crack face.
3. Inferred from destructive exam depth, leak test not performed. Corrosion depth too shallow for leakage at SLB conditions.

DLWIPC1.WPF/06069517:51 pm 3-28
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Table 3-10 Results of Leak Rate and Burst Testing
of Tube Sections Removed from Beaver Valley Unit 1

Specimen ID Bobbin Burst Pressure Probability of Leak Rate

Amplitude for Leak During During SLB

(Volts) o = 75 ksi SLB (lph)
r

(ksi)

bjf q[4%jR22C038-1 0.72 8.344 0
.,g

fj. . Jfgj. "~ 'W
R22C038-2 0.54 8.809 0

,, wp
gp~n9, Sy;igspi
r ,

R22C038-3 0.62 9.086 0
-

[ | * ${?R28C042-1 0.58 10.352 0

.n n v an
: du;, . A.,e. mR28C042 2 1.08 9.577 0 s- n

w .- .e-.

R10C048-1 0.29 9.896 0 W me < :W-se v ,n.

|

|
4

1

3-29
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iTable 3-11 Effects of the Beaver Valley Unit 1 Data on the
Burst Pressure vs. Bobbin Volts Correlation

P, = a + cx log (Volts)1 2

Parameter Reference Database Database with
Value Beaver Valley 1,

| a3 7.556 7.607
1

| a2 -2.319 -2.355

o 0.817 0.814ro,

|
N (data pairs) 70 76

p Value for % 1.4 10 4.9 10 *27

r' 82.7% 82.8%

(
|

3-30
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Table 3-12 Effect of Beaver Valley Unit 1 Data on the
Probability of Leak Correlation

Pr(Leak ) = f1 + e - I A ' 8'**"d
1-1
/

Parameter Reference Database Database with
Value Beaver Valley 1

3 -6.897 -6.905

$2 8.351 8.359

V 3.500 3.484u

V -3.846 -3.82812

V 4.582 4.563n

DoF 97 103

Deviance 25.1 25.1

Pearson o% 0.64 0.62

Note: Parameters V are elements of the covariance matrix ofy
the coefEcients, p. , of the above regression equation.

DoF = Degrees of freedom.

I

i

:
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Figure 3-4 Sketch of the OD surface crack distribution found at the first tube support plate (TSP 1)
region of Tube R10C48 following burst testing. Also shown is the location of the axial burst
opening. (The burst opening extended beyond the TSP crevice region, but the corrosion
cracking on the burst fracture was confined to the crevice region.)
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Figure 3-5 Sketch of the OD surface crack distnbuten found at the second tube support plate (TSP 2)

| region of Tube R10C48 following burst testing. Also shown is the location of the axial burst

| opening. (The burst opening extended beyond the TSP crevice region, but the corrosion
cracking on the burst fracture was confined to the crevice region.)'
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Figure 3-6 Sketch of the OD surface crack distribution found at the first tube support plate (TSP 1)
region of Tube R22C38 following burst testing. Also shown is the location of the axial burst
opening. (The burst opening extended beyond the TSP crevice region, but the corrosion
cracking on the burst fracture was confined to the crevice region.)
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Figure 3-7 Sketch of the OD surface crack distribution found at the second tube support plate (TSP 2)
region of Tube R22C38 following burst testing and following subsequent tensile testing. Also
shown are the locations of the axial burst opening and the circumferential tensile fracture.
(The burst opening extended beyond the TSP crevice region, but the corrosion cracking on
the burst fracture was confined to the crevice region.)
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rigure 3-8 Sketch of the OD surface crack distribution found at the third tube support plate (TSP 3)
region of Tube R22C38 following burst testing and following subsequent tensile testing. Also
shown are the locations of the axial burst opening and the circumferential tensile fracture.
(The burst opening extended beyond the TSP crevice region, but the corrosion cracking on
the burst fracture was confined to the crevice region.)
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Figure 3-9 Sketch of the OD surface crack distribution found at the first tube support plate (TSP 1)
region of Tube R28C42 following burst testing and following subsequent tensile testing. Also
shown are the locations of the axial burst opening and the circumferential tensile fracture.
(The burst opening extended beyond the TSP crevice region, but the corrosion cracking on
the burst fracture was confined to the crevice region.)
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Figure 3-10 Sketch of the OD surface crack distribution found at the second tube support plate (TSP 2)
region of Tube R28C42 following burst testing and following subsequent tensile testing. Also
shown are the locations of the axial burst opening and the circumferential tensile fracture.
(The burst opening extended beyond the TSP crevice region, but the corrosion cracking on
the burst fracture was confined to the crevice region.)
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opening. (The burst opening extended beyond the TSP crevice region, but the corrosion
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Figure 3-12a Radial metallographic section showing the TSP 2 region of Tube R28C42 at a depth of
14% below the OD surface. Intergranular cellular corrosion (ICC) is observed above
the transverse fracture face that was caused by tensde testing. (16X Mag.)
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Figure 3-12b Radial metallogmphic section showing the TSP 2 region of Tube R28C42 at a depth of
34% below the OD surface. Only axialintergranular corrosion is observed at the
same location shown in Figure 3-12a (16X Mag.)
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Figure 3-14
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4.0 EOC-10 INSPECTION RESULTS AND VOLTAGE GROWTH RATES

4.1 EOC-10 INSPECTION RESULTS

In accordance with the IPC guidance provided in the SER of Reference 9.3, this end
.

!of cycle 10 (EOC-10) inspection of the Beaver Valley Unit 1 SGs consisted of a
complete,100% eddy current test (ECT) bobbin probe full length examination of all
TSP intersections in the tube bundles of the three SGs. A 0.720 inch diameter probe
was used for all hot leg TSP indications where APC was applied. Subsequently, RPC
examination was performed for all bobbin indications with amplitudes > 1.0 volt.
RPC confirmed indications > 1.0 bobbin volt were repaired. In addition, an

performed consistent with the NRC SERaugmented RPC inspection was
requirements. The augmented RPC inspection included all TSP intersections (10
intersections) with dent voltages > 5.0 volts. In addition, the augmented RPC
program included 161 INR (indication not reportable) and INF (indication not found)
calls at supports which were DSI (distorted support indication) calls at EOC-9 but not
confirmed by RPC inspection at EOC-9. Any suspected artifact signals at TSP
intersections that could mask a greater than one volt flaw indication were either
called DSI over 1.0 volt and inspected as part of the base RPC program or called INR
and RPC tested as part of the augmented program. No RPC flaw indications were
found in the augmented program. There was no evidence of any unexpected eddy
current results at EOC-10. There were no RPC circumferential indications, no
indications extending outside the TSPs, no RPC indications with potential PWSCC
phase angles, no flaw indications at dented TSP intersections of any dent voltage and ;

no flaw indications were found in the augmented RPC inspection. All RPC responses '

were consistent with that expected for ODSCC at TSP intersections.

A summary of ECT indication statistics for all three steam generators is shown on
Tables 4-1 and 4-2. For those tubes that were in service during cycle 10, Table 4-1
tabulates the number of field bobbin indications, the number of these field bobbin
indications that were RPC inspected, the number of RPC confirmed indications, the
number of repaired / plugged indications, the number ofin-service EOC-10 indications
that remain active for cycle 11 (BOC-11) and the total number of BOC-11 indications
including deplugged tubes that were returned to service.

During this outage, some tubes that had previously been plugged were deplugged,
inspected, and either returned to service or replugged, depending on inspection
results. Table 4-2 provides the same statistics for the population ofindications in
deplugged tubes as Table 4-1 provides for those in-service during cycle 10; together
they comprise the population being returned to service for cycle 11. Together, these
two tables show that:

Out of a total of 1443 indications identified during the inspection (1089 from*

in-service EOC-10 and 354 deplugged EOC-10), a total of1201 indications (978 i
from in-service EOC-10 and 223 deplugged EOC-10) were returned to service 1

for cycle 11. j

i
' DLWIPC1.WPF/06059518 29 pm 4-1
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Of the 1443 indications, a total of 506 were RPC inspected (152 from in-service*

EOC-10 and 354 deplugged EOC-10). !

Of the 506 RPC inspected, a total of 362 were RPC confirmed (88 from in-*

service EOC-10 and 274 deplugged EOC-10).

A total of 242 indications were removed from service (111 from in-service*

EOC-10 and 131 deplugged at EOC-10). The RPC confirmed but not removed
from service indications have bobbin amplitudes of s 1.0 volt.

A summary of the implication of these inspection and repairs is shown on Table 4-3.
A total of 94 tubes (corresponding to 111 total repaired indications) that were in
service in cycle 10, which exhibited TSP ODSCC indications, were removed from
service. The benefit of reevaluating prior tube plugging decisions based on
implementing the 1.0 volt IPC is shown by the return to service of 164 previously
plugged tubes (corresponding to 223 total indications), which offsets the tubes that
were repaired for TSP ODSCC indications at EOC-10. Upon reinspection in 1995,
no indication was found in two of the deplugged tubes. Consequently, these two
tubes (SG B R31C13 and SG B R40049) are not included in the Table 4-3
compilation. Additionally, seven tubes in SG A and six tubes in SG B were deplugged
but not reinspected and were replugged; these 13 tubes are not included in Table 4-3.

Review of Tables 4-1 and 4-2 indicates that SG A has more in-service EOC-10
indications than SG B or C. Steam generators A and B have essentially equivalent
deplugged EOC-10 populations included in their BOC-11 distributions, while SG C
has none. Accordingly, the total BOC-11 indication population of SG A exceeds the
other two and is considered the limiting BOC-11 SG for purposes of Monte Carlo
calculations for Cycle 11.

|

The data shown in Tables 4-1 and 4-2 is also shown in graphical f>rm in Figures 4-1
to 4-4. Figure 4-1 shows the bobbin voltage distribution for the ii-service EOC-10
indications which were returned to service for Cycle 11; Figure 4-2 shows the bobbin
voltage distribution for the deplugged EOC-10 indications which were returned to
service for Cycle 11; Figure 4-3 shows the bobbin voltage distribution for the total
populatien of indications which were returned to service for Cycle 11. Figure 4-4
shows the repaired population distribution for those in-service EOC-10 indications
which were plugged.

The distribution of in-service EOC-10 indications as a function of support plate
elevation, shown on Figure 4-5, confirms the presence of ODSCC predominantly in
the first few hot leg TSPs. This distribution indicates a strong temperature
dependence of ODSCC at Beaver Valley-1.

DLWIPC1.WPF/06059518.29 pm 4-2



4.2 VOLTAGE GROWTH RATES

Voltage growth rates were developed as the difference between the February 1995
inspection results and a reevaluation of the same indications from the previous
(1993) inspection. The cumulative probability distributions for the Cycle 10 growth
rates are presented in Table 4-4. It is seen that the maximum growth rate for Cycle
10 is only 0.6 volt.

Average growth rates in each SG for Cycle 10 are shown in Table 4 5. The average
growth rates vary between 0% and 7% between SGs. The average growth for
indications > 0.75 volt is $ 2% and significantly smaller than found for indications <
0.75 volt. Table 4 6 compares the average growth rates for Cycles 7 to 10. The data
show a progressively decreasing growth rate with the implication that chemistry
enhancements have been effective in reducing the growth of ODSCC indications at
the TSP intersections. Between Cycles 9 and 10, the average growth decreased from
16% to 3%.

The guidance of the NRC draft generic letter recommends that the more conservative
growth distribution from the last two cycles be used for projecting EOC distributions.
Table 4 7 shows the Cycle 9 growth distributions which indicates larger growth rates
than found for Cycle 10. The largest growth value for Cycle 9 was 1.2 volts. For
conservatism consistent with the NRC guidance, the Cycle 9 growth distribution of
Table 4 7 are used for the Cycle 11 projections.

4.3 PROBABILITY OF PRIOR CYCLE DETECTION (POPCD)

The inspection results at EOC.10 permit an evaluation of the probability of detection
at the prior EOC.9 inspection. For APC/IPC applications, the important indications
are those that could significantly contribute to EOC leakage or burst probability.
These significant indications can be expected to be detected by bobbin and confirmed
by RPC inspection. Thus the population ofinterest for APC POD assessments is the
EOC RPC confirmed indications that were detected or not detected at the prior
inspection. The probability of prior cycle detection (POPCD) can then be defined as:

POPCD(EOC-9) = EOC.10 RPC Confirmed and Detected at EOC-9 + EOC.9 RPC
Confirmed and Plugged at EOC-9
........................................................................................

Numerator + New EOC.10 RPC Confirmed Ind. (i.e.,not
detected at EOC-9)

POPCD is evaluated at the 1993 EOC.9 voltage values (from 1995 reevaluation for l

growth rate) since it is a EOC.9 POPCD assessment. The indications at EOC-9 that
were RPC confirmed and plugged are included as it can be expected that these
indications would also have been detected and confirmed at EOC.10. It is also
appropriate to include the plugged tubes for APC applications since POD adjustments

DLWIPCI WPF/060695 23 58 pm 43

|

_ _ _ _ _ _ ___



to define the BOC distribution are applied prior to reduction of the EOC indication
distribution for plugged tubes.

It should be noted that the above POPCD definition includes all new EOC-10
indications not reported in the EOC-9 inspection. The new indications include EOC-9
indications present at detectable levels but not reported, indications present at EOC-9
below detectable levels and indications that initiated during Cycle 10. Thus, this
definition, by including newly initiated indications, differs from the traditional POD
definition. Since the newly initiated indications are appropriate for APC applications,
POPCD is an acceptable definition and eliminates the need to adjust the traditional
POD for new indications.

The above definition for POPCD would be entirely appropriate if all EOC-10
indications were RPC inspected. Since all EOC-10 bobbin indications were not RPC
inspected, a lower bound POPCD estimate can be made by assuming that all bobbin
indications not RPC inspected would have been RPC confirmed. This definition is
applied only for the 1995 EOC-10 indications not RPC inspected since inclusion for
the 1993 EOC 9 inspection could increase POPCD by including indications on a tube
plugged for non-ODSCC causes. This lower bound POPCD can be obtained by
replacing the EOC 10 RPC confirmed by RPC confirmed plus not RPC inspected in
the above definition of POPCD. Inclusion of the indications not RPC inspected in
POPCD primarily influences detectability below one volt since all indications > 1.0
volt are RPC inspected at Beaver Valley-1. For this report, both POPCD definitions
are evaluated for Beaver Valley-1.

The EOC-9 inspection was not an IPC inspection, but can be expected to have
included the general influence of IPC guidelines on industry calling criteria.

The POPCD evaluation for the 1993 EOC-9 inspection is summarized in Table 4-8
and shown in Figure 4-6. Figure 4-6 includes POPCD evaluated for only RPC
confirmed indications, evaluated for RPC confirmed plus not RPC inspected
indications and the EPHI POD developed by analyses of field indications for 3/4 inch
diameter tubing in Model D SGs. The use of only RPC confirmed indications for
POPCD leads to an unrealistically high POD below 1.0 volt due to the fact that most
of the new indications in 1995 were below 1.0 volt and were not RPC inspected. Thus
the lower bound POPCD based on RPC confirmed plus not RPC inspected is a more
appropriate POD assessment. It is seen that the Beaver Valley-1 POPCD is in good
agreement with the EPRI POD. Above 2.0 volts, POPCD is 1.0 while the EPRI POD
equals 1.0 at 3.0 volts. However, there are only four Beaver Valley-1 indications
above 2.0 volts. Between 1.2 and 2.0 volts, POPCD is slightly lower than the EPRI
POD, but only 3 indications above 1.4 volts are new indications not detected in 1993.
These indications were missed at bobbin voltages of 1.42,1.67 and 1.88 for 1993
based on reevaluation in 1995. These indications had negligible voltage growth
(-0.0, ~0.0, 0.13 volt) since 1993. Thus the calls in 1995 may reflect application of
IPC guidelines since there is little change in the bobbin signals between 1993 and
1995.

DLWWCLWPF/060695 22 47 pm 44



In summary, the Beaver Valley-1 EOC 9 POPCD strongly supports a voltage
dependent POD substantially 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 IPC 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.
This conclusion is 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.

4.4 ASSESSMENT OF RPC CONFIRMATION RATES

This section tracks the 1993 EOC-9 indications left in service at BOC-10 relative to
RPC inspection results in 1995 at EOC-10. The composite results for all SGs are
given in Table 4-9. For 1993 bobbin indications left in service, the indications are
tracked relative to 1993 RPC confirmed,1993 RPC NDD,1993 bobbin indications not
RPC inspected and 1993 bobbin indications with no indication found in 1995. Also
included are new 1995 indications. The table shows, for each category ofindications,
the number ofindications RPC inspected and RPC confirmed in 1995 as well as the
percentage of RPC confirmed indications. There were no 1993 RPC confirmed
indications left in service as this was not an IPC inspection and all RPC confirmed
indications were repaired.

The 1995 RPC confirmation rate for 1993 RPC NDD indications left in service was
92.3% for bobbin indications < 1.0 volt and 50.9% for bobbin indications > 1.0 volt.
The overall confirmation rate for the 1993 RPC NDD indications was 50.9%. This is
a relatively high confirmation rate for RPC NDD indications left in service. For 1991
to 1993 Beaver Valley-1 Cycle 9, the confirmation rate for RPC NDD indications left
in service was 27.2% (Reference 9.1). For successive IPC inspections at other plants,
the confirmation rate for RPC NDD indications left in service was typically < 25%.
Since the 1995 inspection was an IPC inspection, it may be possible that tighter
calling criteria were applied to call RPC indications than had been applied in 1993.

For the new indications in 1995, the overall 78.8% RPC confirmation is higher than
that found for the 1993 bobbin indications left in service. This is attributable to the
result that 28 of the 33 new indications RPC inspected were > 1.0 volt and that all
RPC confirmed indications in 1993 were plugged since the 1993 inspection was not
an IPC inspection. For 1991 to 1993 Beaver Valley-1 Cycle 9, the RPC confirmation
rate for new indications was 30% compared to 27.2% for RPC NDD indications left
in service.
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4.5 NDE UNCERTAINTIES

The NDE uncertainties applied for the EOC-11 voltage projections in this report are
those given in the Beaver Valley-1 IPC report, WCAP-14123. The probe wear
uncertainty has a standard deviation of 7.0 % about a mean of zero and has a cutoff i

at 15 % based on implementation of the probe wear standard. The analyst variability
uncertainty has a standard deviation of 10.3% about a mean of zero with no cutoff.
These NDE uncertainty distributions are included in the Monte Carlo analyses used
to project the EOC-11 voltage distributions.
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9 Table 4-3
8 Beaver Valley Unit i 1995 Steam Generator Inspection Consolidated Data*

e mema soc.ie w
| soc.1. in s we. soc-te r _

- soc.te m s woe8
LeR in Retumed

- - - ' to

BetMn Repaired Servios betMn SeMee BotMn Repelred SeMee Bobten to Service. Let in
vomage

11.0V No. of ^ _~ 411 20 391 124 100 383 21 342 135 107
Bin

No. of Tubee 353 11 342 80 79 307 15 292 88 81

>1 OV No of ^w _^ u 71 41 30 32 4 37 19 18 40 2
.

52 OV No. et Tubeo 70 40 30 29 4 37 19 18 29 2

>2.0V No. of in 1 2 1 1 2 0 0 0 0 21 1

No. et Tubes 2 1 1 2 0 0 0 0 18 1

At No. of :: ~ 484 62 422 154 113 400 40 380 198 110 ;
'

4 VoRe No etTubes 425 $2 373 111 80 344 34 310 131 84
_

y Combined
^

SNB C

toc 44 en Servtos M10 -'
' EoC40 in Service EoC49C _ _

Letin Retumed
LaRin ^ .2 to

BetMn Repehed SeMoe SetMn SeMee Aaha*i Repelred SeMeo BotMn to S.A.
venage

11 OV No. of ^_ - _
100 2 100 0 0 984 43 921 258 218

Bin

l No. et Tuben 144 1 183 0 0 824 27 797 188 157

>1 OV No. of h- ^'- - 15 7 4 0 0 123 47 58 T2 8

52 0V No of Tubmo 14 7 7 0 0 121 SS 56 58 e

| >2.0V No ef 's - - 0 0 0 0 0 2 1 1 23 1
1

| No of Tubeo 0 0 0 0 0 2 1 1 18 1

AN No. et ^=1 205 9 198 0 0 1080 111 978 354 223

Veha No. of Tubes 178 8 170 0 0 947 94 853 242 184;

Note : Any tube may have mote than one Indication, but the tube is counted only once in its highest voi"+ bin
(i.e. that tube will not be included in count of lower voltage bins).

t

I
-- _. , - - __ - _ . _ _ - - - _ - - _ __ .___-_.
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Table 4-4
Beaver Valley Unit 1 IPC Statistics 1995 Outage

Cumulative Probability Distributions for Voltage Growth -Indications Remaining in Service
Delta SIG A SIG B SIG C Combined

Voltage No. obs CPDF No. obs CPDF No. obs CPDF No. obs CPDF

0 252 52.07 145 36.25 72 35.12 469 43.07

0.1 163 85.74 153 ,74.50 91 79.51 407 80.44

0.2 45 95.04 69 .j , 91.75 33 95.61 147 93.94

4 0.3 16 98.35 23 97.50 4 97.56 43 97.89

0 0.4 7 99.79 7 99.25 3 99.02 17 99.45

0.5 0 99.79 2 99.75 1 99.51 3 99.72

0.6 1 100.00 1 100.00 1 100.00 3 100.00

484 400 205 1089

CPDF = Cumulative Probability Distribution Function



Table 4-5
Beaver Valley Unit 1 Bobbin Voltage Growth for Cycle 10

BOC Voltage Voltage Growth Average dV

Number ofIndications Ave. Std. Dev Ave. Std. Dev %ICycle

SIG A Entire Range 484 0.71 0.35 0.00 0.13 0%

Vsoc<.75 311 0.51 0.14 0.02 0.11 3%

t Vsoc>.75 173 1.07 0.34 -0.04 0.16 -4%
_

U SIG B Entire Range 400 0.60 0.27 0.04 0.12 7%

Vsoc<.75 293 0.48 0.15 0.05 0.11 10 %

Vooc>.75 107 0.95 0.20 0.02 0.14 2%
_

SIG C Entire Range 205 0.64 0.25 0.04 0.11 6%

Veoc<.75 148 0.52 0.14 0.05 0.11 10%

Vooc>.75 57 0.94 0.19 0.00 0.09 0%
_

dV = Change ln vohage

__ _ _ - _ _ _- _ _ _ __ __. __ _ _ . _ _ _ _ _ _ _ -- . - _ - - _ _ _ _ _ _ _ _ -____



.l

V
d

% % % % % % % % % % % %ee l

g c 1 6 9 9 8 6 4 5 46a y 3 7 - 1 1 1 2 1 4 5 3
r Ce t

v %A

v
_ e 2 1 5 3 0 1 4 9 6 7 2 3

2 2 2 31 1 2 2 3 2 1h D 1
t 0 0 0 0 0 0 0 0 0 0 0 0
w d

.

h o t
r St

w G
o e
r g

a 2 4 9 9 9 8 6 9 9 7 41

G t e 0 0 0 0 0 0 1 1 1 2 2 3.

l

e o v 0 0 0 0 0 0 0 0 0 0 0 0_
-V Ag

a
t
l

o
V v 1 5 9 7 4 0 4 2 1 1 5 8e 4 3 1 23 4 12 2 13 1n e D
b g 0 0 0 0 0 0 0 0 o 0 0 0i

.

a db t t

o o Sl

B V6
C- l

4 a O . 6 0 1 7 7 2 5 8 8 6 9 1_

c e 6 5 0 5 4 0 9 5 1 6 4 0_
. ei B v 0 0 1 0 0 1 0 0 1 0 0 1l r

b o A
at_

T si
H s

n1 o
t i

ti

n a
U ic

d 9 5 8 7 2 66 8 2 61 8y n 8 25 3 1 0 5 68 1 2 9
e 0 1I

7 3 9 2 9 35 9 6 2f 1 1l ol

a r
V e

br
me

v u
a N
e e55 e55 e55 e5 5B g7 7 g7 7 g 7 7 g 7 7

> e> nn> n <n
c_<c<cc><c gc aac a ca

R o o R o o R o o R o o a
t

e e s e o s e s e e o o l

or V V r r V V r V V
t

i V V
it t vii

t
n n n n n
E E E E i

e
g

5 3 1 9 n
0 9 9 9 8 9 7 8 a
1 9 9 9 9 he e e1 1 1 Ce 1 l ll -- -l - c 7 =c c 9c 3 1 y 8y 9 y 8y 9
C 9 C 9 C 9 C 9 V

1 1 1 1 d

u0"

|| | !l l| |!l| ,f|l ( f| !



4

1

?$$f '

O"
si Besser Vagsy Unit 1 % ProbsMky Distrtutions for Vdags Growth

"

j | | 1991 to 1993 Laboratory Re-evaluation

8 1987-1989 1989-1991 S/G A StG B S/G C Combined Data

$ Voltage #obs CPDF Sobs CPDF s olis CPDF #obs CPDF # obs CPDF #obs CPDFi

% 0 86 9.37 195 20.48 150 26.27 146 50.17 108 40.30 402 35.73

E 0.1 119 22.33 172 38.55 129 48.86 60 70.79 73 69.96 267 59.47
8 0.2 171 40.96 184 57.88 111 68.30 48 87.29 30 84.79 198 77.07

0.3 155 _ 57.84 154 74.05 62 79.16 19 93.81 23 93.54 104 86.31

0.4 150 74.18 114 86.03 45 87.04 9 96.91 11 97.72 65 _ 92.09
32 _94.930.5 82 83.12 59 92.23 22 90.89 6 98.97 4 99.24

_

25 97.160.6 55 89.11 28 95.17 22 94.75 2 99.66 1 99.62
0.7 32 92.59 20 97.27 7 95.97 0 99.66 1 100.00 8 97.87
0.8 20 94.77 12 98.53 9 97.55 1 100.00 0 100.00 10 98.76
0.9 21 97.06 6 99.16 8 98.95 0 100.00 0 100.00 8 99.47

$ 1, 8 97.93 3 99.47 4 99.65 0 100.00 0 100.00 4 99.82
to 1.1 7 98.69 1 99.58 0 99.65 0 100.00 0 100.00 0 99.82

1.2 4 99.13 0 99.58 2 100.00 0 100.00 0 100.00 2 100.00
1.3 4 99.56 1 99.08 0 100.00 0 100.00 0 100.00 0 100.00
1.4 1 99.67 1 99.79 0 100.00 0 100.00 0 100.00 0 100.00 <

1.5 2 99.89 1 99.89 0 100.00 0 100.00 0 100.00 0 100.00
1.6 0 99.89 1 100.00 0 100.00 0 100.00 0 100.00 0 100.00
1.7 0 99.89 100.00 0 100.00 0 100.00 0 100.00 0 100.00
1.8 0 99.89 100.00 0 100.00 0 100.00 0 100.00 0 100.00
1.9 0 99.89 100.00 0 100.00 0 100.00 0 100.00 0 100.00

2 0 99.89 100.00 0 100.0C 0 100.00 0 100.00 0 100.00
2.1 1 100.00 100.00 0 100.00 0 100.00 0 100.00 0 100.00

918 952 571 291 283 1125

EXTRACTED FROM WCAP- 14123 (SG-94-07--002)

TABLE 4-7

._ _ - _ _ _ _ _ . _ _ _ _ _
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Table 4 -8
Beaver VaIIey Unit - 1

1993 EOC-9 POPCD Evaluaties
Composite of All Steam Generator data

New Indmations 1995 Bobbin, Field Callin 1993 1993 Bobtun Field Call
POPCD

1993 Volts 1993 Volts 1993 Volts

1995 RPC 1995 RPC RPC
Voltage 1995 Confrmed 1995 Confrrmed 1993 RPC Confinned

Bin RPC plus not RPC plus not Confirmed Confirmed Plus Not
Confirmed Inspected Confrmed Inspected and Plugged Inspected

Frac. Count Frac. Count

> o - 0.2 0 20 0 1 5 1 515 0.23 6126
02-04 0 153 3 64 64 1 67/67 0 46 128/281

p o4.oa 1 180 7 174 137 0.99 1441145 0.63 311 1491,

'

% o 6 - 0.e 4 93 9 177 104 0.97 1131117 0.75 281 1374

oa-1o 5 29 8 82 54 0.93 62167 0.82 136/165
10-1.2 9 9 15 15 22 0.80 37/46 0.80 37146

| 1.2-14 4 4 8 8 18 0.87 26 / 30 0.87 26130
14-16 1 1 6 6 3 0.90 9/10 0.90 9/10

16-18 1 1 4 4 7 0.92 11 /12 0.92 11 /12
18-2.0 1 1 1 1 4 0.83 516 0.83 516j

2.0 - 2.2 0 0 0 0 1 1 1/1 1 111'

2.2-25 0 0 0 0 1 1 111 1 111

25-30 0 0 1 1 1 1 212 1 212

TOTAL 26 491 62 533 421

> 1V 16 16 35 35 57

l
|

|

l

m wami xi.wmeannuste n s

-- - - - - - . - . __ - _ _. .
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?E Figure 4-1

$ Beaver Valley Unit 1 in-Service BOC-11 Bobbin Voltage Distribution|

g 80'

8
8
G

| y 70 - - - - - - - - - - - - - - - - - - - - -

,

li

60 -- - - -

E SG-A

{ 50 - - - - - - - - -

} _ O SG-C,

A is .

h { 40 - - - -

o

j _

- ~

30 - - - - - - - -

-

,

20 - - - - - - - -- - - - - - - ----

_

10 - - - - - - - -
'

- -
,.

; ." |E ;E n;L ;h;E ;EO ;E ;-
, , . . , , , , , , ,

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.8 1.7 1.8 1.9 2 2.2 2.4 2.6 2.8

Bobbin Amplitude (Volts)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ - ___ _ __ _ _ _ _ _ _ . - _ - _ _ _ _ _ _ _ _ _ _ , _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _



_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ __

85e?
81
g" Figure 4-2
4 Beaver Vallpy Unit 1 Deplugged BOC-11 Bobbin Voltage Distribution
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hb Figure 4-3
$ Beaver Valley Unit 1 Total BOC-11 Bobbin Voltage Distribution
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k Beaver Valley Unit 1 In-Service EOC-10 ODSCC Axial Distribution
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Figure 4 - 6
1993 EOC-9 POPCD Distribution
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5.0 DATA BASE APPLIED FOR IPC CORRELATIONS

The Beaver Valley-1 SER specifies the database to be used for the IPC correlations.
For the burst pressure correlation, the SER recommended data is the same as the
EPRI recommended database as described in WCAP-14123. The burst pressure
correlation is also given in WCAP-14123 and is applied in the analyses of this report.

For the SLB leak rate correlation, the NRC SER recommends that Model Boiler
specimen 542-4 and Plant J-1 pulled tube R8C74, TSP 1 be included in the database.
This database is referred to as the NRC database in WCAP-14123 and is applied for

,

the leak rate analyses of this report. The probability ofleakage correlation of WCAP- |

14123 is also accepted by the NRC SER and applied in this report.

|

|

|
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6.0 SLB ANALYSIS METHODS

Monte Carlo analyses are used to project the EOC-11 voltage distributions and to
calculate the SLB leak rates and tube burst probabilities for both the actual EOC-10
voltage distribution and the projected EOC-11 voltage distribution. These methods
are consistent with the requirements of the Beaver Valley-1 NRC SER and are {

'

described in the IPC report of WCAP-14123 and the generic methods report of WCAP-
14277.

Based on the NRC SER recommended leak rate database, the leak rate data do not
satisfy the requirement for applying the SLB leak rate versus bobbin voltage {
correlation. The NRC requirement is that the p value obtained from the regression ;

for the slope parameter be less than or equal to 5% For the NRC recommended data,
the p value is about 6.5% and the leak rate versus voltage correlation is not applied. j

The SLB leak rate correlation applied is based on an average of all leak rate data ]
'

independent of voltage. The analysis methods for applying this leak rate model are
given in Section 4.6 of WCAP-14277. A Monte Carlo analysis is applied to account
for parameter uncertainties even though the leak rate is independent ofvoltage. This
method ofleak rate analysis is similar to that of draft NUREG-1477 except for the
uncertainty treatment. The analyses of this report found that the Monte Carlo
analyses for the SLB leak rate with the leak rate independent of voltage results in
leak rates within 10% of that obtained using the draft NUREG-1477 methodology.

I

i

|
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7.0 PROJECTED EOC VOLTAGE DISTRIBUTIONS

7.1 COMPARISON OF ACTUAL AND PROJECTED EOC-10 VOLTAGE DISTRIBUTION

Analyses previously performed to project the EOC-10 voltage distribution are
documented in Reference 9.1. Comparisons of the actual EOC-10 bobbin indication
distribution for RPC confirmed plus not RPC inspected indications with the projected
distributions for POD of 1.0 and 0.6 are shown on Figures 7-1 and 7-2, respectively.
The actual 451 indications include 56 RPC confirmed and 395 not RPC inspected
indications. It can be expected that RPC inspection of allindications < 1.0 volt would
have resulted in considerably < 451 RPC confirmed indications. The projections
include 366 indications for POD = 1.0 and 747 indications for POD = 0.6.

It is seen from Figures 7-1 and 7-2 that both projections exceed the actual indications
for > 1.0 volt indications. Below 1.0 volt, the POD = 0.6 projection exceeds the actual
above 0.5 volt and is less than the actual below 0.5 volt, while the POD = 1.0
projection is lower than the actual below 0.8 volts. These results indicate a high POD
above about 0.8 volt at the EOC-9 inspection while the POD below about 0.5 volts is
typical of a value about 0.6. A voltage dependent POD is necessary to improve the
projections over the entire voltage range. Based on the projections exceeding actuals
above 1.0 volt even for a POD = 1.0, it would be expected, and is shown in Section 8,
that SLB leak and burst projections would both exceed the values obtained for the
actual EOC-10 distribution.

7.2 PROJECTED EOC-11 VOLTAGE DISTRIBUTIONS

The IPC indication voltage distribution for BOC-11 has been developed in Table 4-1.
SG A is the limiting SG and the total of 535 indications at BOC-11 includes the 422
EOC-10 indications from prior active tubes, as well as the additional 113 indications
from tubes deplugged during the outage that satisfied the repair limits and were
returned to service.

Growth projections are based on rates determined in Reference 9.1 for SG A during
Cycle 9 (Table 4-7), which are more conservative than the Cycle 10 growth rates, as
previously discussed in Section 4.2. The operating periods used in the voltage
projection calculations are:

Cycle 9 - 492.75 EFPD.
Cycle 10 - 435.79 EFPD.
Cycle 11 - 344.00 EFPD.

Cycle 11 is projected to be a shorter fuel cycle than either Cycle 9 or Cycle 10. For
the SLB analyses, the Cycle 9 growth rates were scaled by the Cycle 11 to Cycle 10
EFPD ratio of 0.789 to more conservatively predict EOC-11 conditions.

!

|
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For the Monte Carlo calculations, the net total number ofindications returned to
service for cycle 11 (Nro,ars) is determined from ,

Nros ars = N,/ POD - N,,,ma + N rsa

Number of bobbin indications at EOC-10N =i
Probability of DetectionPOD =

Number of N which are repaired (plugged) before BOC-11N,,% = i
Number of plugged tubes returned to service at BOC-11.Na.m =

The IPC voltage distribution projected to EOC-11 is shown on Figure 7-3 for POD =
1.0 and on Figure 7-4 for POD = 0.6. Per the Beaver Valley-1 SER, the POD = 0.6
distribution is applied for the reference SLB leak rate and burst analyses.
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8.0 SLB LEAK RATE AND BURST PROBABILITY ANALYSES

8.1 COMPARISON OF PROJECTED AND ACTUAL EOC-10 LEAK & BURST

The calculated predictions for performance of the limiting steam generator during
Cycle 10 operation of Beaver Valley Unit 1 is documented in Reference 9.1. A
comparison of these predictions with the corresponding actual parameters as
determined from inspection data during the EOC-10 outage and from calculations
based on those data is shown on Table 8-1. In all cases, the projected SLB leak rates
and tube burst probabilities are significantly more conservative than that obtained
from the actual EOC-10 distribution. The calculated SLB leak rate for the actual
EOC-10 distributian is 0.15 gpm (based on the NRC data base) and the tube burst
probability is 3.84 x 10-5; leakage rates based on the EPRI data base are an order of
magnitude lower than those based on the NRC data base.

8.2 PROJECTED EOC-11 LEAK RATE AND BURST PROBABILITY

Calculations have been conducted to predict the performance of the limiting steam
generator in Beaver Valley Unit 1 at EOC-11 conditions. The methodology used in
these predictions is described in Reference 9.2 and is essentially the same as that
used in Reference 9.1 for the Cycle 10 predictions. Results of the EOC-11 predictions
are summarized on Table 8-2. At POD = 0.6, the projected EOC-11 SLB leak rate for
S/G A of 0.31 gpm (based on the NRC data base) is much lower than the allowable
limit of 6.6 gpm for the affected loop; leakage rates based on the EPRI data base are
an order of magnitude lower than those based on the NRC data base. Similarly, the
EOC-11 SLB tube burst probability of 9.7 x 10'5 (at POD = 0.6) is much lower than
the NRC 1.0 x 10 threshold value requiring further assessment as given in the
Beaver Valley 1 SER (Reference 9.3). In addition, the actual EOC-10 SLB leak rate
of 0.15 gpm and burst probability of 3.84 x 10'5 are both lower than the allowable
limits. It is therefore concluded that the actual EOC-10 and projected EOC-11 SLB
leak rates and tube burst probabilities show large margins against the allowable
limits.

A comparison of the performance of the individual steam generators is shown on
Table 8-3, which further confirms that the limiting steam generator for Cycle 11 of
Beaver Valley Unit 1 is SG A. The burst probability of SG B is dominated by the
effect of a single RPC NDF of 2.8 volts which was left in service. The difference in
tube burst probabilities between SG A and SG B is considered negligibly small and
SG A is more limiting in other aspects. ,
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TABLE 8-1'

BEAVER VALLEY UNIT 1 SG A
Comparison of Cycle 10 Performance ;

Projected vs. Actual
IPC > 1.0 volt

Projected Projected Actual

POD 1.0 0.6 --

No. ofIndications 366 747 484

Max. EOC Volts 4.1 4.4 2.6

SLB Leak Rate (gpm/SG)
NRC Data base 0.22 0.38 0.15
EPRI Data base 0.021 0.038 0.012 .

SLB NRC Burst Prob. 1.8 x 10 4.7 x 10" 3.84 x 10 '4

1
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TABLE 8-2 ,

BEAVER VALLEY UNIT 1 SG A
Prediction of EOC-11

Leak Rate and Burst Probability
[IPC > 1.0
,

t

POD 1.0 0.6
i
'

Number ofIndications 535 857.67 ;

Max IPC Volt
BOC 2.2 2.6 ,

EOC 2.6 2.9
'

Leak Rate (gpm/SG)
NRC Data base 0.195 0.31

EPRI Data base 0.015 0.031
,
,

Total Burst Probability 4.3 x 10 9.7 x 10-84

o Single Burst 4.3 x 10 9.7 x 10'84

4 4
o Two Tube Burst 4.0 x 10 * 7.3 x 10

4 4
o Three Tube Burst 4.0 x 10 * 4.0 x 10 *

!* No tube burst in 10 Monte Carlo samples. Probability limited on 95% confidence.8

I
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TABLE 8-3

BEAVER VALLEY UNIT 1
Comparison ofIndividual S/G Performance for EOC-11 !

POD = 1.0 IPC > 1.0 ,

'

S/G A B C

Number ofIndications 535 470 196 ,

Max IPC Volt .

BOC 2.2 2.8 1.6 .

EOC 2.6 3.2 2.1 !

'

Leak Rate (gpm/SG)
NRC Data base 0.195 0.164 0.072 ,

EPRI Data base 0.015 0.012 0.004

Burst Probability 4.3 x 10~5 6.4 x 10-8 1.45 x 10''

:
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