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Subject: Submittal of Analytical Evéluation of Pressurizer Seismic Restraint Lug Indications

i

In accordance with the American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessel Code, 1989 Edition, no addenda, Section XI, IWB-3134(b), Exelon Generation Company,
LLC, is submitting an analytical evaluation of indications identified on the Byron Nuclear Power
Station, Unit 2 pressurizer (PZR) vessel seismic restraint lug.

As a result of liquid penetrant testlng (PT) examinations conducted during the recently concluded
refueling outage at Byron, Unit 2, ASME Section XI reportable indications were identified in a
seismic restraint lug weld of the PZR vessel. The seismic restraint lug weld is an Examination
Category B-K, Iltem Number B10.10 weld, per ASME Section XI, as modlf ed by Code Case N-509.
The PT examination was performed in accordance with ASME Section X! procedures. The
inspection of lug PSL-1 revealed two recordable linear indications with the longer of the two
exceeding the acceptance standard in Table IWB 3510-3. Analytical evaluation of the reported
indications was conducted in accordance with IWB-3600, as allowed by IWB-3132.4. In addition,
an ultrasonic examination was performed on the pressurizer base metal-to assure the assumptions
of the analytical evaluation were bounding. ’

Due to the rejectable indication identified in the PZR seismic restraint lug, an additional
examination was performed in accordance with ASME Section X|, IWB-2430(a). The additional
scope included a magnetic particle examination.on the PZR support skirt weld. No recordable
indications were identified with this examlnatlon
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Based on the analytical evaluatnon prowded in the attachment, it is concluded that the indications
found in the Byron Unit 2 seismic restraint lug weld of the PZR vessel, durlng the most recently
concluded refueling outage, are acceptable by the flaw acceptance criteria of IWB-3600 of the
ASME Section XI Code.

i
[

Should you have any questions cbncerning' these reports, please contact William Grundmann,
Regulatory Assurance Manager, at (815) 406-2800.
P

Respectfully,

David Hoots
Plant Manager
Byron Nuclear Generating Station

Attachment: Byron Unit 2 Flaw Evaluation at the Pressurizer Seismic Lug (PSL-1) Region
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1.0 INTRODUCTION

During the B2R12 refueling outage, the Byron Unit 2 ISI program scheduled the
inspection of the Pressurizer Integrally welded attachment seismic lugs PSL-1 through
PSL-4. The geometry of the pressurizer and the seismic lugs are shown in Figures 1-1
and 1-2 respectively.

On September 30, 2005, Westinghouse/WesDyne ISI personnel performed a surface
examination on these components. Liquid penetrant inspections were performed on the
accessible portions of three seismic lugs. to the pressurizer. The inspection of PSL-1
revealed two recordable linear indications near. the toe of the weld closest to the
pressurizer vessel. The lengths of the two linear indications detected are 0.2 inch and 0.8
inch and are separated by 0.9 inch [1]. The depths of the linear indications are not
available without performing further NDE. Based on the rules of IWA-3400-1 [2], these
two linear indications need not be grouped into a single indication, since the distance
between the linear indications was greater than 0.8 inch. Using the acceptance standard
in Table IWB 3510-3, the 0.2 inch linear surface indication was shown to be acceptable.
However, for the 0.8 inch lmear indication, the measured length (0.8 inch) divided by the
nominal pressurizer vessel thickness (4.0 inch) [3] was calculated to be 20% and
exceeded the acceptance standard of 10.4% [2]. '

A review of the NDE record indicates that this is the first time a flaw has been detected in
this region during an in-service inspection. The original Code acceptance inspection was
performed using magnetic particle inspection technology. The first inservice inspection
of this region was therefore performed in September 2005 during the refueling outage.

The indications were located on the outside surface of the pressurizer vessel and therefore
not exposed to the pnmary water environment. There is no known mechanism that can
cause crack initiation in. the. affected regxon since the maximum design fatigue usage
factor calculated for the seismic lug region is 0.37 [4] compared to the ASME Code
allowable value of 1.0. - Furthermore; there is no known occurrence of any earthquake
events in Byron Unit 2 and therefore there is no cumulative fatigue usage factor as of to-
date because the seismic lugs ¢ are active on]y under earthquake and pipe rupture loadings.

The seismic lugs were welded: to: the- outside diameter of the pressurlzer with two
longitudinal full penetration welds for each of the four lugs. The lugs were installed on
the pressurizer in 1975. A review was made of the appropriate drawings and records, and
the sequence of installation was established, and is reported here.

The first step in the installation process was a magnetic particle and ultrasonic inspection
of the four areas of the shell where the lugs were to be welded on the pressurizer. A
preheat of at least 250°F was maintained for the entire welding process. The pressurizer
was on its side, and the lugs were each tack welded in place. After verifying that they
were properly positioned relative to the drawing, the full penetration welds were

completed on each lateral side of the lugs. Back-gouging and magnetic particle testing .
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was performed during the weldmg sequence and at the end a magnetxc particle exam
was performed on both full penetratlon welds.

At this point, fillet welds were added to the all sides of the lugs (with the pressurizer on
its side), and then the lugs were post-weld heat treated for a minimum of 3 hours at
1125°F +/- 25°F. This information was obtained from a variety of sources, including a
typical shop traveler and weld Quality Control (QC) records for this time frame. There is
no information available on the shop traveler concerning any fillet ‘welds on the top or
bottom surface of the seismic lug weld, although the 250°F weld preheat materials, and
dates of welding are identified; on the weld QC records. The ﬁnal magnetic particle
examination of the lug welds was performed after this post-weld heat treatment of the
subassembly. The completed pressurrzer 'was then shipped to the sitelon May 19, 1977.

Based on a review of the seismic lug wcldmg sequence described above and the location
and orientation of the detected indications in the fillet weld, the mdlcatlons are believed
to be fabrication defects in a portlon of the fillet weld that is not required for any
pressurizer structural integrity purposes, This is because the ongmal Code acceptance
inspection on the full penetration welds was achieved using magnetlc particle 1nspect10n
technology. The circumferential fabrication defects are not likely to be located in the
pressure boundary regions of the pressurizer shell and not likely to extend any further
beyond the fillet weld into the full penetration weld. The seismic lugs and the pressurizer
vessel are both fabricated with’ ‘low Alloy steel (SA-533 Grade A Class 1 and Class 2)
which is not susceptible to stress corrosion cracking under any cucqmstances including
the primary water environment.' Therefore there is no known evidence that the
indications are service induced, but rather it is a lack of fusion between the weld beads.

The. objective of this letter report is to document the technical basls and results of the

flaw evaluations performed using the evaluation guidelines and acceptance criteria from
TWB 3600 ‘of the ASME Code Section XI [2] to demonstrate the acceptabrhty of the 0.8
inch long linear indication. ' It should be noted again that the 1ndlcatlons detected are
fabrication imperfections and arenot service induced. Nevertheless, these indications are
_conservatively evaluated in accordance with the ASME Code Section XI flaw evaluation
guidelines. Flaw evaluation ‘charts have been developed for both postulated outside
circumferential and axial surface flaws, to determine the acceptability of the as-found
indications in the vicinity of the weld toe for seismic lug PSL-1. The first evaluation
deals with the indications as they were found, while the second déals with the similar
indications postulated to exist along the side of the seismic lug. There is no evidence that
such indications exist, but there are some regions along the side of the seismic lug which
could not be examined due to obstructions. A third case was completed for a flaw
postulated along the top surfaceé of the -seismic lug propagating through the lug itself,
which could result in severmg of the lug

It should be noted that the ﬂaw evaluatlon charts developed in thxs letter report are
applicable to both Byron and Braidwood Units 1 and 2. However, the flaw evaluation
results for the detected indications are applicable to Byron Unit 2 only. The entire
Revision O of this report has been reclassified as Non-Proprretary Class 3 in this revision.
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Geometry of the Byron Unit 2 Pressurizer
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" "Figure 1-2

Geometry of the Pressurizer Welded Attachment Seismic Lug
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R
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20 CODE ACCEP.TAN’CE CRITERIA

There are two alternate sets of flaw acceptance criteria for continued service without
repair in paragraph IWB-3600 of ASME Code Section XI:

1. Acceptance Criteria Based on Flaw Size (IWB-3611)
2. -Acceptance Criteria Btfsqd on l'iStress Intensity Factor TWB-3612)

For the surface flaw evaluation charts, analyses were performed using both of the
acceptance criteria. To illustrate, one evaluation was performed using the flaw size
acceptance criteria discussed in Section 2.1, in order to determine the smallest allowable
flaw size for all the design transients. Then a second evaluation was performed using the
criteria based on stress intensity factor discussed in Section 2.2, to find the smallest
allowable flaw size for all the design transients. The results of these two sets of
evaluations were then compared, and the more beneficial criterion (allowing the largest
flaw) was used.

2.1 Criteria Based on;FlaW"Size
The code acceptance criteria arg stated in Paragraph IWB-3611 of Section XI:

t
i

ag < 0.1a,  For normal conditions (upset & test conditions inclusive)

and ag < 0.5 a For faulted conditions (emergency condition inclusive)
where o .
: as = The maximum size to which the detected flaw is calculated to grow at

the end of the next specified period, as applicable.

ac - =  The minimum critical flaw. size under normal operating conditions
(upset and test conditions inclusive)

a = The minimum critical flaw size for initiation of non-arresting growth
1

under postulated faulted conditions (emergency conditions inclusive)

To determine whether a flaw indication is acceptable for continued service without
repair, both criteria must be met. Both criteria have been considered in the construction
of the flaw evaluation charts. -’_" ;

2.2 Criteria Based onStress Intensity Factor

The term stress intensity factor (Ki) is defined as the driving force on a crack. It'is a
function of the size of the crack and the applied stresses, as well as the overall geometry
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; ' N
of the structure. In contrast, the fracture toughness (K, Kic) is a measure of the
resistance of the material to propagation of a crack. It is a material property, and a
function of temperature. ‘

The criteria with respect to K; used in the evaluation are from IWB-3612 of Section XI.
The criteria are: .
. T

K <—2 - For normal conditions (upset & test conditions inclusive)
K, <-I-<J—;_S For faultéd conditions (emergency conditions inclusive)
where

Ki =  The maximum applied stress intensity factor for the flaw size ar to
which a- detected flaw will grow, during the conditions under
consideration, to the next specified period.

K. = Fracture toughness based on crack arrest for the corresponding crack
tip temperature.

Kic = Fracture toughness based on fracture initiation for the corresponding

crack tip temperature.

To determine whether a surface flaw is acceptable for continued service without repair,
both criteria must be met. Both-criteria have been considered in the construction of the
flaw evaluation’ charts. :

23 Primary Stress Limits '~

In addition to satisfying the fra'c:tu;e criteria, the primary stress limits of the ASME Code
Section III, paragraph NB-3000 [5] must be satisfied. A local area reduction of the

pressure retaining membrane must be used, equal to the area of the indication, and the
stresses increased to reflect the smaller cross section.

‘
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3.0 DESIGN TRANSIENTS

The design transients for the Byron Unit 2 pressurizer are listed in Table 3-1[6]. Both the
minimum critical flaw sizes (a;, under normal operating conditions, or a; under faulted
conditions) and the stress intensity factor, K, are functions of the stresses at the cross-
section where the flaw of interest is detected, along with the material properties.
Therefore, the first step for the evaluation of an as-found indication is to determine the
appropriate limiting thermal transients for the location of interest. The selection of the
most limiting transient was determined by reviewing the through-wall transient stress of
all the applicable transients, The transient with the highest outside surface stress in the
area of the flaw was chosen as the worst case.

The limiting transients were found to be the inadvertent auxiliary spray for the normal

and upset conditions and the DeS1gn Basis Earthquake (DBE) for the emergency and
faulted conditions. Coy
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Table 3-1  Summary of Byron Unit 2 Pressurizer Transients
: ' Number of
Number Transient Identification Occurrences

1 Heatup 1200
2 Cooldown 1200
3 No Load 200
4 Full Load 13200
S Unit Loading 36600
6 Turbine Roll Test 20
7 Step Load Increase. 2000
8 Boron Concentration Equalization 26400

Group # 1 Umbrella .

Inadvertent Startup of an Inactive Loop

Loss of Load ‘
9 Inadvertent S. 1. Acutation 520

Large Step Load Decrease with Steam Dump

Normal Loop Shutdown

Normal Loop Startup
10 Inadvertent Auxiliary Spray ' 10
11 Inadvertent RCS Depressuization 540
12 OBE ~ . . 400
13 Primary Side Hydrotest 10
14 Primary Side Lg:z}k Test: 200
15 Secondary Side Leak Test 200
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4.0 CRITICAL FLAW SIZE C_ALCULATION
4.1 Introduction

The key parameters used in the eva]uatlon of any indication discovered during inservice
inspection include two critical flaw depths. The first of these is critical flaw depth a,
calculated using stresses from the governing normal upset and test conditions. The
second one is the ¢ritical flaw depth a; calculated based on the stresses from the
governing emergency and faulted conditions. The selection of the governing transients

for all the loading conditions can be readily performed based on the results from the
~ available stress analysis.

4.2 Stress Intensity Factor Calculations

One of the key elements of the critical flaw size calculations is the determination of the
driving force or stress intensity factor (K;). This was done for the affected regions using
expressions available from the literature.

In all cases, the stress intensity-factor for:the critical flaw size and fatigue crack growth
calculations for the pressurizeri shell utilized a representation of the actual stress profile
rather than a linearization.. This was necessary to provide the most accurate
determination of the critical flaw size, and is particularly important for consideration of
emergency and faulted conditions, where the stress profile is generally nonlinear and
often very steep. The stress profile was represented by a cubic polynomial:

‘ N 3
ot =ho v A e ar(5) (%)

where X = coordinate distance into the wall
t wall thickness _
o stress perpendicular to the plane of the crack
A = coefficients of the cubic fit -

The stress intensity factor calculation for a semi-elliptical surface flaw in a cylinder was
carried out using the expressions developed by Raju and Newman [7]. Their expression

utilizes a cubic representation of: the stress profile. The boundary correction factors for
the loading conditions utilized for surface flaw are given in Reference [7]. The boundary
correction factors for various locations around the periphery of thc crack (@) can be
obtained by usmg an mtcrpolatron method Stress intensity factors for a semi- elliptical
surface flaw in a cyllnder can be expressed using the general form:

na 05 4
K, =( ] 2 Gilarc,alt, U/R,0)A,
) Q i j—O .

where
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a/c = Ratio of crack depth (a) to half crack length (c)

a/t = Ratio of crack depth (a) to thickness of a cylinder (t)
/R = Ratio of thickness. (1) to inside radius (R)

®=  Crack front ]ocatxon

Gi= Go, Gy, Gy, G are’boundary corrccuon factors

Q= Shape Factor & j (c052<1> +—-sm2q>)‘” do

The stress intensity factor for the critical flaw size and fatigue crack growth calculations
for the seismic lug is based on that provided in [8] for a plane quarter-circular crack at the
edge of a square bar subjected to a uniform uniaxial tensile stress (6). The stress

intensity factor expression is: )
K, = F(0) 26‘/E
T

where F(0) is the correction factor for the angular position, 0, on the crack front.
4.3  Fracture Toughness

The other key element in the determination of critical flaw sizes is the fracture toughness
of the material. The fracture toughness has been taken directly from'the reference curves
of Appendix A, Section XI. ‘i the transition temperature region, these curves can be
represented by the followmg equatlons ;

K.c 332+ 2, 806 exp. [0.02 (T-RTxpr + 100°F)]
K = 2_6.8 +1.233 exp. [0.0145 (T-RTnpr + 160°F)]

. {
where K. and Ky, are in ksi«/in ."

The upper shelf temperature rcglme requnres utilization of a shelf toughness which is not

specified in the ASME Code. A value of 200 ksi/fin has been used here. This value is
consistent with general practice in such evaluations, as shown for example in {9] which
provides the background and technical basis of Appendix A of Section XI. The value of
RTnpr used in these toughness equations was taken from the ]|m1t|ng properties of
materials in the pressurizer. The limiting RTnpr was found to be 60°F for the base metal

[6).
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50 FATIGUE CRACK GROWTH

In applying the ASME Code acceptance criteria as introduced in Section 2.0, the final
flaw size as used in criteria (1).is defined as the maximum flaw size to which the detected
flaw is calculated to grow at the end of a specified period, or until the next inspection
time. Crack growth calculations have been carried out for the affected region in the
Byron Unit 2 pressurizer for which flaw evaluation charts have been constructed. This
section provides a discussion of the methodology used as well as the assumptions.

5.1 Analysis Methodology

The methods used in the’ craéﬁ growth analysis are the same as those suggested by
Section XI of the ASME Code. . The analysis procedure involves postulating an initial
flaw at the affected reglons and predicting the growth of that flaw due to an unposed
series of loading transients. The input required for a fatigue crack growth analysis is
basically the information necessary to calculate the parameter AK; which depends on the
crack and structure geometry as well as the range of applied stresses in the area where the
crack exists. The stress 'intensity factors are calculated as discussed in
Section 4.2. Once AK is calculated, the growth due to that particular stress cycle can be
calculated by the reference crack growth curves in Section XI Appendix A. This
increment of growth is then added to the original crack size, and the analysis proceeds to
the next transient. The proceduré is continued in this manner until all the transients
predicted to occur in the period of evaluatlon have been analyzed

The design transients apphcable to the Bryon Unit 2 pressurizer are listed in Table 3-1.
These transients are spread equally over the design lifetime of the pressurizer. Faulted
conditions are not considered because their frequency of occurrences is too low to affect
fatigue crack growth.

The effect of the residual stresses due to the welding of the seismic lugs to the pressurizer
shell was ignored in the fatigue crack growth analysis. This is because the area was post-
weld heat treated such that the rgmdual stress would be minimal. In addition, the residual
stresses are additive to both the maximum and minimum stresses in the crack growth
calculation and therefore do;not have any impact on the resulting stress intensity range
(Kmax - Kmin). The only effect on'the crack growth rate is due to a higher stress ratio
(Kmin/Kmax). However, this effect is minimal since the crack growth rate is governed by
the stress intensity range rather than the stress ratio.

Crack growth calculations were,carried out for axial and circumferential flaws over a

range of flaw depths. For all the cases, based on generally accepted methodology, the
flaw was assumed to maintain a constant shape as it grew.

LTR-PAFM-05-78 Rev. 1
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5.2 Crack Growth Rate Référeh'c"e Curves

The air environment crack growth rate curve used in the analyses was taken directly from
Appendix A in 1990 Addenda of the ASME Code 1989 Edition. This curve is similar to
the curve in the 1989 Edition [2] but included the effect of Stress Ratio (R) and appears
also in later editions of the ASME Code. The use of this curve represents a more up-to-
date treatment of the crack growth rate. Air environment curve was used for the outside
surface flaws because they are not exposed to the primary water environment. The crack
growth rate reference curve for air environment is a function of applied stress intensity
factor range (AK;) and stress ratio (R). This reference curve is also shown in Figure 5-1.

' .i ; ) P
: %‘;‘,- =(1.99x107°)25.72 (2.88 - R)*" AK}”

where
gﬁ— = Crack ’grdévth rate, micro-inches/cycle
R = Kunin/Knix O<R<1I)
AK = stress intensity factor range, ksivin

= Koax = Krﬁjn' e
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| 6.0 PRESSURIZER SHELL FLAW EVALUATION

6.1  Flaw Evaluation Charts for Flaws Propagating Through the Pressurizer
Shell

Longitudinal flaws and circumferential flaws are defined respectively as flaws oriented
along and perpendicular to the pressurizer centerline axis. Surface flaw evaluation charts
were generated by first determining the critical flaw depths for a range of flaw shapes as
discussed in Section 4.0 based on the acceptance criteria discussed in Section 2.0. The
most limiting critical ﬂaw depths, defined as ar, from all the loading conditions are used.

It should be noted that the results of allowable flaw depth based on the primary stress
limit criteria are bounded by the résults from the flaw size criteria of Section 2.1 and the
stress intensity factor based flaw ‘size from Section 2.2 based on a review of the technical
basis document [6] and the as-built:Byron Unit 2 pressurizer geometry The allowable
flaw depth determined based on the prlmary stress limit criteria is affected only by the
diameters and wall thickness of the pressunzer shell and the appllcab]e primary stress
loadings.

The axial stress distribution along the upper middle shell to lower middle shell weld
(PCO3) [10] and those due ‘to the seismic lug [4] were used for determining the
circumferential critical flaw' dépths since the seismic lug (PSL-1) was at about the same
elevation as the PCO3 weld. As.for the hoop stress distribution, those from the
Iongntudmal weld seam (PLO2): [11] and those due to the seismic Iug [4] were used for
determining the axial critical flaw depths since the seismic lug (PSL-1) was at about the
same elevation as the top of the PL02 weld, as shown in Figure 1-1.

The corresponding initial flaw depths, defined as‘ao, which will grow. to the above critical
flaw depth asafter 10, 20, and 30 years of service are then determined based on the results
from the fatigue crack growth analysis discussed in Section 5.0.

Axial and Circumferential flaw evaluation charts for the pressurizer shell can then be
generated by plotting the flaw shape parameter a/{ as the abscissa from 0.1 t0 0.5 and the
flaw depth parameter a/t in % ‘as‘the ordinate. The resulting c:rcumferentlal and axial
flaw evaluation charts are' shown in Figures 6-1 and 6-2 respectively. Allowable flaw
depth limit curves are provided in:the flaw evaluation charts for operational periods of
10, 20 and 20 years from the time of detection.

The allowable flaw size limit curve for a gwen operational period shows the maximum
acceptable flaw depth beyond which repair is required for continued | servnce Any surface
indication which falls below the allowable flaw depth limit curve for a given operational
period will be acceptable by the Code, with the analytical Justlﬁcatlon provided herein.
However, IWB-2420 of ASME Section XI requires future monitoring of such indications.
The areas containing the indications shall be reexamined during the next three inspection
periods listed in the schedule of; the inspection program of IWB-2400.
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6.2  Flaw Evaluation

b, v R
The evaluation procedures"cdntained in ASME Section XI are clearly specified in
paragraph IWB-3600. Once the indication is detected, it must be characterized as to its
location, length (€£) and depth dimension. This characterization is discussed in further
details in paragraph IWA-3000 ‘of Section XI.

Two basic dimensionless parameters can fully address the characteristics of a surface
flaw:

1)+~ Flaw Shape Parameter a/(
2) ' Flaw Depth Parameter a/t

where:
t
a
¢

- wall thickness, in.
flaw depth, in.
flaw length, in.

o

The length of the indication of concern on the outside surface of the pressurizer shell is
0.8 inch. However, the depth of the linear indication is not available without performing

- further NDE.

The realistic maximum ﬂaw shape was taken as a/{ = 0.5 which is a semi-circular shape,
because service expenence had shown that flaws were not observed which were deeper
than they were long. It is ‘also, evrdent that the driving force, or stress intensity factor, for
such flaw is greater at the flaw intersection with the free surface than at its deepest point,
and thus a semi-circular flaw would naturally tend to grow in surface length, causing the
a/l ratio to decrease with time. . For these reasons, the Code, in paragraph IWA-3300
(a)(3) specifies that a ﬂaw shape eahn'ot' exceed a/l = 0.5.

When considering an mdlcatlon wrth a ﬁxed length, the assumption of a/l = 0 5 results in
maximizing the depth of the flaw. In this case, fora flaw with length = 0.8 inches, the
depth for a semi-circular flaw would be 0.4 inches. For a 6:1 flaw shape, the depth would
only be 0.133 inches. Therefore the assumption of a/l = 0.5 is conservative for the
evaluations performed.

It should be noted that the range of flaw shapes considered in the ASME Code Section XI

-1s for a/t between 0.0 and 0.5. This range of flaw shapes “encompasses the spectrum of

flaw geometries normally encountered in non-destructive examination of pressure
retaining components” [12]. This statement was quoted from the technical basis for the
Section XTI acceptance standards, written by Ray Maccary of NRC in May of 1980 [12].

A confirmatory best estimate Ultrasonic Testing (UT) measurement was also performed
to estimate the flaw depth.in order to validate the conservatism in the assumption of a
flaw depth of 0.4 inch used 'in the ﬂaw evaluation. UT measurement could not be
obtained for the initial ‘0.1 lnch of the' flaw depth, and hence the flaw could not be
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characterized adequately for fracture mechanics evaluation purposes. However, the UT
measurement did provide evidence that the indication is being confined to the surface of
the weld and is less than 0.1 inches from the free surface. There is no trace of any
indications that are more than 0.1 inches below the surface of the weld. Therefore, this
best estimate UT provided evidence that the indication is limited to the weld area only,
and not into the pressurizer shell wall. It also confirmed that the flaw depth cannot be
more than 0.1 inch and the flaw depth of 0.4 inch assumed in the flaw evaluation is
conservative. NG
The pressunzer vessel wall thickness was taken as 4.0 inches which is confirmed by the
Exelon [Commonwealth Edlson] drawmg 2PZR 1-IS1 [3].
Cotey

Based on the above mformauon, the ﬂaw parameters for the as-found indications are
determined as follows for both the axial and circumferential orientations:

Flaw Depth (a) = 0.4 in
Flaw Length (¢)= 0.8 in
Pressurizer Wall Thickness (t) = 4.0 in

- Flaw Shape Parameter (a/¢) = 0.5
Flaw Depth Parameter (a/t) = 0.1

These flaw parameters are pldtted in Figures 6-1 and 6-2. It is evident that ample margin
exists and that the as-found indications are acceptable without repair for at least 30 years
of service life.

Assuming a circumferential flaw. depth of 0.4 inch, that is a/t = 0.1, the maximum
- allowable aspect ratio as shown i in Flgure 6-1 is at least 10:1 (length depth) . Therefore
for a circumferential flaw: w1th a, ﬂaw depth of 0.4 inch, the maximum allowable length
of the flaw can be at least 4 mches for an ‘operational period of at |east 30 years.

For an axial flaw with a flaw depth parameter a/t = 0.1, the maxnmum allowable aspect
ratio as shown in Figure 6-2 for an operational period of 30 years is about 6.5:1.

Therefore for an axial flaw with a flaw depth of 0.4 inch, the maximum allowable length
of an axial flaw is 2.6 inches: for an operational period of 30 years. Using the same
approach, the maximum al]owable length is at least 4 inches for an operational period of
10 years. \
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70 WELD ATTACHMENT SEISMIC LUG FLAW EVALUATION

A linear quarter-circular flaw is postulated along the top of the seismic lug (PSL-1) as
shown in Figure 7-1. The stress intensity factor expression for a plane quarter-circular
flaw at the edge of a square bar was used as discussed in Section 4.2. The use of this
stress intensity factor expression is conservative with respect to the detected flaw
configuration because the indication is'assumed to be an edge crack and that the depth of
the flaw is assumed to be the same as the length of the detected indication. This quarter-
circular edge flaw model is also a conservative model for a semi-circular flaw near the
top center of the seismic lug weld. Therefore the flaw evaluation results obtained can be
conservatively applied to the actual indication detected.

The critical flaw depth for such quarter-circular flaw was determined as discussed in
Section 4.0 and based on the acceptance criteria discussed in Section 2.0. The resulting
allowable flaw depth at the end-of-evaluation period, defined as ay, is shown in Figure 7-
2.

The corresponding initial flaw depths, defined as a,, which will grow to the above
allowable flaw depth, ay, after 10, 20, and 30 years of service can then determined based

on the results from the fatigue crack growth analysis discussed in Section 5.0.

The allowable flaw size for an /6perational period of 10, 20 and 30 years are shown in
Table 7-1. B

 Table 7-1

Allowable Flaw Length/Dépth (Inch) Based Ona Quarter-Circular Edge Flaw

Operational Period g .10 years 20 years 30 years
Initial Flaw Size (a,o)‘:f: 'h ‘,.1 244 1.237 1.230

The length of the indication of concern detected on the top surface of the welded
attachment seismic lug is 0.8 inch.' However, the depth of the linear indication is not
available without performing further NDE.

The realistic maximum flaw shape was taken as a/l = 0.5 which is a semi-circular shape
based on the rationale discussed in Section 6.2. The flaw parameters for the as-found
indications on the top of the seismic lug are:

Flaw Depth (a) = 0.4 in
Flaw Length () = 0.8 in
Based on the results tabulated in Table7-1, a quarter-circular flaw (a = ¢ = 1.23 inch)

postulated along the top of the f{_seism'ic‘ lug is acceptable for 30 years without repair. As
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13

- can be seen in Table 7-1, the faéigue crack growth due to seismic loading experienced by

the lug is negligible. Since: the flaw shape of the as-found indication is being
encompassed by the maximum allowable flaw shape, it can be concluded that the as-
found indication along the top of the seismic lug is acceptable for 30 years without repair.
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- Figure 7-1

Postulated Crack Along the Top of Pressurizer Seismic Lug
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Allowable Flaw Sizé D’e;tenmhétion for Pressurizer Seismic Lug Without Including
k. ‘Fatigug Crack Growth
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80 SUMMARY ANb' CONCLUSION |

During the B2RI12 refueling outage the Byron Unit 2 ISI program scheduled the
inspection of the Pressurizer Integrally welded attachment seismic lugs PSL-1 through
PSL-4. Liquid penetrant inspections were performed on the welded attachment seismic
lug (PSL-1) to the pressurizer and revealed aligned linear indications near the toe of the
weld closest to the pressurizer vessel. The lengths of the two linear indications detected
are 0.2 inch and 0.8 inch which are separated by 0.9 inch. Based on the rules of IWA-
3400-1, these two linear indications need not be grouped into a single indication. Using
the acceptance standard in Table IWB 3510-3, the 0.2 inch linear surface indication was
shown to be acceptable. However, the 0.8 inch linear surface indication exceeded the
acceptance standard of 10.4%. There is no known evidence that the indications are
service induced, but rather it is a lack of fusion between the: weld beads. The
circumferential fabrication defects are not likely to be located in the pressure boundary
regions of the pressurizer shell and not likely to extend any further beyond the fillet weld
into the full penetration weld.

Nevertheless, these indications are conservatively evaluated in accordance with the
ASME Code Section XI flaw evaluation guidelines. Flaw evaluvation charts have been
developed for both outside axial and circumferential surface flaws to determine the
acceptability of the as-found indications. These flaw evaluation charts were designed
based on the ASME Section XI Code TWB-3600 acceptance criteria for continual service
without repair. These flaw evaluatlon charts are applicable to both Byron and Braidwood
Units 1 and 2.

The depths of the linear indications are not available without performing further NDE.
The linear indication of concern with a fixed length was assumed to have a maximum
flaw shape (a/t) of 0.5, which is a semi-circular shape flaw in order to maximize its flaw
depth. A confirmatory best esiimatc UT measurement was also performed to validate the
conservatism in the flaw depth assumption used; in the flaw evaluation. The UT
examination interrogated the vessel:base material volume below the flaw to a depth from
0.10 inch to 0.50 inch. The transducer was unable to examine the volume less than 0.10
inch below the flaw because of physical restrictions. No indications were seen within the
examined volume. Flaw evaluation was therefore performed based on this flaw depth
parameter assuming either an axial or circumferential orientation. - It is concluded that
ample margin exists for the linear indication of concern and that no repair is neccssary for
an operational period of 30 years.

Similar evaluation was performedA by postulating a quarter-circular edge flaw along the
top of the seismic lug (PSL-1). It is concluded that ample margin exists for the linear
indication of concern and that no. repair is necessary for an operational period of 30 years.

o .
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