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IMPORTANTNOTICE REGARDING

CONTENTS OF THIS REPORT

Please Read Carefull

The only undertakings of the General Electric Company (GE) respecting information in this

document are contained in the purchase order between the Niagara Mohawk Power

Corporation and GE, and nothing contained in this document shall be construed as changing

the purchase order. The use of this information by anyone other than Niagara Mohawk, or for

any purpose other than that for which it is intended under such purchase order is not

authorized; and with respect to any unauthorized use, GE makes no representation or

warranty, express or implied, and assumes no liability as to the completeness, accuracy, or

usefulness of the information contained in this document, or that its use may not infringe

privately owned rights.
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EXECUTIVESUMMARY

A structural flaw evaluation was performed for Nine Mile Point Unit 1 in accordance with

ASME Code Section XI (1983 Edition with Summer 1983 Addenda) for vertical welds in the

vessel cylindrical shell region, as well as the beltline circumferential weld (RVWD-137) and

circumferential vessel flange weld (RVWD-099). The BWRVIP (BWR Vessel and Internals

Project) analysis ("BWR Reactor Pressure Vessel Shell Weld Inspection Recommendations,"

EPRI Report No. TR-105697, September 1995) indicated that flaws in the circumferential

shell welds make essentially zero contribution to vessel failure probability; therefore, inspection

ofthe entire circumferential shell welds may not be mandatory. However, a portion of each of
the circumferential welds will be examined at the intersection of the vertical welds, so an

evaluation of the beltline circumferential weld +3.3'f the vertical weld intersection was

performed to allow disposition of any flaws found during inspection.

The flaw evaluation provided in this report includes fatigue crack growth and irradiation

embrittlement for up to both 20.3 and 28 effective full power years (EFPY). In general, inside

surface flaws were found to be limiting for vessel shell welds. Evaluations were also

performed for subsurface flaws for all selected weld regions.

The analysis uses the most limiting loading for Normal (Level A), Upset (Level B), Emergency

(Level C), Faulted (Level D), and Test conditions. The leak test and bolt up conditions, which

involve the combination of low operating temperatures and high safety factors, are the most

limiting operating conditions for vessel welds. Leak test conditions, and bolt up conditions at

the flange regions, were considered for fracture analysis. The minimum specified leak test

temperature is 247'F at 1195 psig for 20.3 EFPY and 260'F at 1195 psig for 28 EFPY. Bolt

up conditions were analyzed at a service temperature of 100'F consistent with the pressure-

temperature curves. Thermal transients during normal operation are bounded by the leak test

and bolt up conditions, since the thermal stresses are more than offset by the associated higher

fracture toughness values, Kq, due to higher metal service temperatures.
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Loading associated with the analyses include:

~ Membrane pressure stresses
I

~ Bending Stress (near vessel flange)

~ Weld residual bending stresses

~ Clad residual stress (clad thickness = 7/32 in. nominal) on the inside surface only.

The analysis methods follow those prescribed in ASME Code Section XI IWB-3600. Applied

stress intensity factors, Ki, were developed as a function of the flaw depth ratio, a/t (surface

flaw) or 2a/t (subsurface), and aspect ratio, a/L. These were compared to the allowable

fracture toughness, Ki„ incorporating the Section XI safety factor of ~10 for leak test, or ~2

for bolt up, to determine allowable flaw sizes.

An upper bound on allowable flaw size was established at 1/3 depth of the LAS wall thickness

to ensure that ASME Code Section IIIprimary stress requirements were met. A lower bound

for allowable flaw sizes is established by the minimum inspection standards of IWB-3500. If
the flaw does not satisfy this standard, continued operation may still be justified if the flaw

satisfies the IWB-3600 acceptance criteria, as developed in this report. However, for the latter

case, there is a reinspection requirement imposed by the ASME Code.

Variation ofneutron flux as a function of azimuth and elevation was considered to remove any

undue conservatism in determining the allowable flaw sizes. In the beltline region, the

allowable flaw sizes were calculated for the vertical welds with the highest adjusted RTNDT

values.
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1.0 INTRODUCTION

This report documents a generic flaw evaluation to determine allowable flaw sizes for vertical

vessel welds in the cylindrical shell region, as well as the circumferential beltline weld and weld

at the vessel flange region, of the reactor pressure vessel (RPV) at Nine Mile Point Unit 1.

The time to disposition flaw indications found during inspections can be significantly

minimized when the fracture mechanics assessment has been performed in advance.

Furthermore, the allowable flaw size results can be used to guide UT inspections in a more

efficient manner ifindications or flaws are found.

The scope of this report includes the following:

~ Assumed loading conditions, including pressure stresses, weld residual stresses and

clad residual stresses.

~ Analysis, per IWB-3500 and IWB-3600 Section XI of the ASME Code

[Reference 1], of allowable surface and subsurface flaw sizes in the various weld

regions, taking into consideration conservative estimates of fatigue crack growth

and irradiation embrittlement up to both 20.3 and 28 EFPY.
~ Flaw acceptance diagrams showing allowable surface and subsurface flaw depths

(a or 2a, respectively) versus aspect ratio (a/L) for all selected weld regions.

~ Procedure, including a flowchart and worksheet, for evaluating potential flaws

found during inspections.

4

The various weld regions are shown in Figure 1-1. The beltline region includes plates

G-307-4, G-307-3, G-307-10, G-8-3, G-8-4, and G-8-1; vertical welds at 105', 225', and

345'n the lower intermediate shell course assembly; vertical welds at 18', 138', and 258'n
the lower shell course assembly; and the circumferential beltline weld +3.3'rom the vertical

weld intersections. Although only a portion of the lower shell course plates and welds extend

into the beltline region, all are conservatively classified as a beltline component. The labeling

convention established in Figure l-l is consistently used throughout the handbook to identify

specific plates or welds.
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I igure 1-1. Nine MilePoint Unit 1 vessel weld regions for flaw evaluation.
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2.0 ANALYSISMETHODS

2.1 Assumed Loading
The analysis uses the most limiting loading for Normal (Level A), Upset (Level B), Emergency

(Level C), Faulted (Level D), and Test conditions. The leak test and bolt up conditions, which

involve the combination of low operating temperatures and high safety factors, are the most

limiting operating conditions for vessel welds. Thermal transients during normal operation are

bounded by the leak test and bolt up conditions, since the thermal stresses are more than offset

by the associated higher fracture toughness values, K~, due to higher metal service

temperatures.

Stresses in the region of each weld are assumed to be due to (i) clad residual stress, (ii)

pressure stress, and (iii)weld residual stress. The applied stresses are summarized in Table A-

5 ofAppendix A. Since thermal stresses associated with the bolt up and leak test condition are

insignificant, they are not included.

For welds adjacent to the closure flange region, the limiting load condition may be either the

leak test condition, or the bolt up condition. For the remaining vessel welds, a previous

analysis for a similar vessel [Reference 2] has shown that bolt preload stresses are fully

attenuated at locations away from the flange region. Therefore, the limiting load condition at

vessel welds away from the flange region is the leak test condition. A leak test condition of
1195 psig at 247'F for a leak test at 20.3 EFPY [Reference 14], and 1195 psig at 260'F for a

leak test at 28 EFPY [Reference 15] are used for the analysis. The circumferential and

longitudinal stresses at the vessel flange weld locations were obtained from the RPV stress

report, [Reference 11]. Bolt up conditions were analyzed at a service temperature of 100'F

consistent with the pressure-temperature curves.

2.1.1 Cladding Residual Stresses

AAer a stainless steel (SS) clad is applied to the low alloy steel (LAS) vessel shell plate, a

post-weld heat treatment (PWHT) is performed at approximately 1150'F to relieve residual

stresses.'onsequently, cooling below the PWHT temperature results in residual clad stresses

because of the difFerence in the coefficients of thermal expansion between the SS clad and

LAS material. Cooling after PWHT causes tensile stresses in the clad which can reach yield



0



GE Nuclear Energy GENE-BI3-0I805-124, Rev. 0
DRF ¹ BI3-02025-00

level (30-40 ksi) at room temperature. Rybicki, et.al., [Reference 4] have shown that the clad

residual stress at room temperature, following PWHT and shop leak test, is approximately

equal to the clad yield strength'in both hoop and axial directions. Rybicki, et.al., [Reference 4]

used a clad yield strength equal to 32 ksi at 70'F. Upon subsequent heating, the clad stress

was found to decrease as a result of thermal expansion. Similar results have been obtained by

Ganta, Ayres, and Hijeck IReference 5], who have also reported clad residual stresses on the

order of 30 ksi at room temperafusre, which, because. of high temperature creep effects, are

actually lower than the assumed yield strength of45 ksi. Therefore, based on these results, it

would be reasonable and conservative to assume a clad stress equal to an assumed yield

strength of35 ksi at 70'F for this analysis.

To validate this assumption, an analysis (see Appendix A) was performed to show that, upon

cooling from 1150'F to 70'F (room temperature), the elastic residual clad stress does in fact

exceed the clad yield strength. Therefore, a clad stress equal to an assumed yield strength of
35 ksi (at 70'F) will be used in this analysis. When the reactor is subsequently heated to the

pressure test temperatures, the differences in the thermal expansion coefficients will reduce the

tensile stresses in the clad (see Appendix A). At a leak test temperature of 247'F,

corresponding to 20.3 EFPY, the residual clad stress reduces to 18.15 ksi due to thermal

expansion. This result is consistent with Rybicki, et.alta [Reference 4], who reported a clad

stress of approximately 26 ksi for a 0.125 inch thick clad at 200'F. The calculated clad

residual stress at a leak test temperature of260'F, corresponding to 28 EFPY, is 17.11 ksi.

Also, to maintain equilibrium, a slight compressive residual stress is induced in the LAS base

metal. However, because of the differences in the thickness between the clad and the base

metal, the compressive stress in the LAS material is small and willbe conservatively neglected.

The clad stress is used to compute I4.d to be used in the Section XIfracture mechanics flaw

assessment. The clad thickness is nominally 7/32 = 0.2188 inch at the inside surface ofthe

vessel cylindrical region.

2.1.2 Pressure Stresses

Pressurization of the vessel results only in membrane stress. For axial flaws, the hoop stress is

calculated according to the thin-walled pressure vessel formulation, PR/t, where R is the mean
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vessel radius and P is the leak test pressure of 1195 psig. This approach is valid for Nine Mile

Point Unit 1, since the limitingR/t = 15 (>10) in the vessel region. 4

2.1.3 Weld Residual Bending Stress

Weld residual stress due to the seam weld or the flange weld are reduced significantly as a

result ofPWHT. However, some weld residual stress still remains after PWHT. Based upon

previous analysis for seam welds |References 6 & 7], a residual bending stress of 8 ksi is

assumed for flaws oriented parallel to the weld line. This bending stress simulates the

measured cosine stress distribution for welds with PWHT |Reference 6]. For flaws oriented

perpendicular to the weld line, the weld residual stress is zero.

2.2 Section IG Local Membrane Stress Limits

In addition to the fracture mechanics requirements of Section XI, structural requirements for

primary local stress per Section IIItReference 1] must also be satisfied. The maximum primary

membrane stress cannot exceed 1.5S . Since it is assumed that the clad does not carry any part

of the load, the part of the crack extending into the LAS must be limited to 1/3 the LAS wall

thickness. However, for the purposes of this analysis, the net 1/3 wall thickness limit willbe

conservatively defined as:

tla limit 1/3 tLAS

regardless of flaw classification (i.e. surface or subsurface). For inside surface flaws, the 1/3

limit is measured from the surface of the clad/LAS interface. This limit is used in conjunction

with K,ii,„to determine allowable crack depths as a function ofaspect ratio.

2.3 Section XIFracture Margin Assessment

The assumed loads and clad residual stress from Section 2.1 were used to calculate stress

intensity factors (Ki) versus crack depth ratio (a/t or 2a/t). Postulated subsurface flaws were

conservatively analyzed for the most limiting proximity factors such that the allowable flaw

depths are bounding for all subsurface flaws. The assumed flaw geometry for surface and

subsurface defects are shown in Figure 2-1.
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2.3.1 Fracture Toughness and Allowable Stress Intensity Factors

Fracture toughness values, Kq, were calculated per Appendix G of Section XI. Kq values are

determined for each weld location'based upon limiting RTNDY values or adjusted reference

temperatures (ART), metal service temperatures, and irradiation embrittlement effects (refer

to Appendix A). For beltline and non-beltline regions analyses were performed at the

minimum leak test temperature of 247'F corresponding to 20.3 EFPY, and 260'F

corresponding to 28 EFPY.

Allowable stress intensity factor limits, Kallow, were determined from the fracture toughness

values per IWB-3612 by applying the following safety margin for leak test conditions,

Kgi,„=Ktg / ~10

This value is used to determine the allowable crack depth ratios for each aspect ratio. Only for

a few assumed flaw geometries in the vessel flange region, the bolt up condition was

determined to be governing. The safety factor used in those cases was ~2 instead of 410

indicated above.

2.3.2 Methods SpeciTic to Irradiated (Beltline) Region

Due to irradiation embrittlement, the allowable stress intensity factor will decrease with

increasing EFPYs. This effect is characterized by a shiA in RTNDT values based upon fluence

levels at different EFPYs. The adjusted reference temperatures (ART) are used in place of the

initial RTNDT values in computing the allowable stress intensity factor as described in
r,

Section 2.3.1. The initial RTND~ values are given in Reference 3 and the ART values were

determined in accordance with the methods described in US NRC Regulatory Guide 1.99,

Revision 2 (Rev. 2) [Reference 9]. The methodology for calculating ART is described in

Section 2.3.3.

Only the allowable stress intensity factor, K.ii,, calculated from the fracture toughness is

directly affected by irradiation embrittlement. Applied stress intensities (as calculated per

Section 2.3.4 below) are not dependent upon irradiation effects, and are only dependent upon

applied loading.
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2.3.3 Adjusted Reference Temperature Methodology

The effect on adjusted reference temperature (ART) due to irradiation in the beltline materials

is determined according to the methods in Rev. 2 tReference 9], as a function of neutron

fluence and the element contents of copper (Cu) and nickel (Ni). The specific relationship

from Rev. 2 tReference 9] is:

where:

ART = Initial RTNDY+ hRTNDY+ Margin

~T CF f<0.28 - 0. 1 togO

Margin=2 a', +a~

CF=

f =
chemistry factor from Tables 1 or 2 ofRev. 2 [Reference 9],

i9
fluence (n/cm ) at the location ofevaluation dividedby ifl

t

standard deviation on initial RTNDT, which is taken to be O'.
standard deviation on dRTNDT, 28'F for welds and 17'F for base material,

except that cr~ need not exceed 0.50 times the ~TNDT value. If2 or more

sets ofcredible surveillance data are used, cr~ is I/2 the above values.

2.3.4 Applied Stress Intensity Factors
'n

determining applied stress intensity factors, the following assumptions, were made:

~ -Vessel flaws can be modeled-by flat plate analysis as described in Section XI of the

ASME Code.

~ Linear elastic fracture mechanics (LEFM) can be used to determine Ki.
~ The effect of clad stress can be modeled as a point load applied to an edge (infinite)

length flaw, which may be subsequently adjusted for finite length flaws.

Although there are several methods that can be used to determine Ki, the LEFM approach for

flat plates was used per Appendix A of Section XI from the ASME Code tReference 1].





GE Nuclear Energy GENE-B13-01805-124, Rev. 0
DRF ¹ B13-02025-00

Because ofback wall bending, the use of flat plate theory has been shown to give conservative

results for deep flaws tReference 10] in cylindrical pressure vessels. Since all stresses, with the

possible exception ofclad stresses, are elastic, LEFM is expected to yield accurate results.

The applied stress intensities for the given stresses are calculated for surface flaw aspect ratios

(a/L) and subsurface flaw aspect ratios (2a/L) of 0.0, 0.1, 0.2, 0.3, 0.4, and 0.5 according to

the methods given in Appendix A of the ASME Code, Section XI [Reference 1].

The stress intensities due to applied membrane and bending stresses are calculated per IWB-

3600 [Ref. 1] as follows:

where,

K =o M (na/Q)
'b

= ob Mb (ma/Q)"

(2-3)

(2-4)

o = total applied membrane stress

ab = total applied bending stress

a = flaw depth

Q = flaw shape parameter

M = membrane stress correction factor

Mb = bending stress correction factor

Although methods for calculating stress intensities for membrane and bending stresses are

included in Section XI, no method is identified for determining K,i,d.

The clad residual stress is a localized stress that only exists in the clad/LAS interface region.

As such, the clad residual stress was modeled as a resultant force (equivalent point load)

applied at the mid-thickness of the clad on each face of the crack opening. This model, which

is valid only for surface defects, is described by the following equation given by Tada

[Reference 17]:

where,

K clad = 2 1.297~aciad tclad / (<C) '2-5)

8
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a,i,d = clad residual stress

c=a-0.5 t 1 d

This'value is then corrected for a finite length crack,

where,

%lad K cbd (QJQ)" (2-6)

Q„= shape factor for infinite length flaw

Q = shape factor for analyzed finite length flaw

The shape factors are identical to those obtained from Section XI of the ASME Code for

membrane and bending stresses. The net eFect of clad stresses for subsurface flaws is

insignificant.

The individual stress intensity contributions due to membrane stress, bending stress, and clad

point load stress can be combined by method of superposition, as shown in Figure 2-2. The

applied stress intensity factor is, therefore, calculated as the sum of individual stress intensity

factors,

Ki = K +Kb+I43d (2-7)

This calculation is performed for each aspect ratio as a function of flaw depth (i.e. a/t or 2a/t)

to determine the limiting flaw depths (not including fatigue allowances).

2.3.5 Allowable Flaw Depths (Not Including Fatigue)

To illustrate how the allowable flaw depths are calculated, sample results showing Ki versus

crack depth ratio are shown in Figures 2-3 and 2-4. Figure 2-3 shows typical Ki results for a

surface flaw. The limiting flaw depth ratio (a/t) is defined at the point where the applied stress

intensity is equal to the allowable stress intensity, provided that the upper bound I/3 wall

thickness limit is not exceeded. Similar example results are shown in Figure 2-4 for subsurface

flaws.





GE Nuclear Energy GENE-B13-01805-124, Rev. 0
DRF ¹ B13-0202$ -00

2.3.6 Fatigue Crack Growth Allowances

The limiting crack depths calculated above do not include fatigue crack growth, and must

therefore be adjusted to include an additional allowance for crack growth up to the desired

number ofeffective full power years.

A fatigue crack growth allowance is conservatively calculated for the limiting flaw sizes. Since

the limiting flaw sizes will have an applied stress intensities equal to or less than the allowable

stress intensity, K,ii,„, the applied stress intensity range, dX, used to compute fatigue crack

growth will be conservatively based upon a maximum stress intensity level of K = K,ll

Therefore,

Km'min
Ksllow

The minimum stress intensity is conservatively assumed to be K = 0. Fatigue crack growth

for all inside surface flaws is calculated for a reactor water environment. The limiting fatigue

crack growth rate (for a stress intensity ratio ofR = K JK > 0.65) is computed as follows

[Reference 1],

where,

da/dN = 0.252(bK)' (p-in./cycle) (2-9)

bK = maximum stress intensity factor range (ksi ~in ).

Fatigue crack growth for outside surface flaws and subsurface flaws is computed based upon

an air environment [Reference 1]:

da/dN = 0.0267(10')/(dK)' (p-in/cycle)

Approximately 18 cycles per EFPY is conservatively assumed. Nine Mle Point Unit 1 is

assumed to be at 18.3 EFPY currently. Therefore, for 20.3 EFPY operation fatigue crack

growth allowances were calculated relative to 2.0 EFPY. Similarly, for 28 EFPY operation

fatigue crack growth allowances were calculated relative to 9.7 EFPY. The fatigue crack

growth allowances, b,af g or 26af g are used to adjust the limiting flaw sizes obtained from the

LEFM analysis to develop the acceptance criteria.
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l/3 t

t=LAS

Subsurface Flaw

t = LAS+ Clad LAS

l/3 t Cla~d

Surface Flaw

Figure 2-1. Flaw geometry for typical planar surface and subsurface defects.
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Kb

"m

aroint

Figure 2-2. Method of superposition for fracture mechanics problem.

Stress intensities due to localized clad stresses, membrane stress, and bending stress can be

combined using this method.
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Figure 2-3 Sample Results ofKq vs a/t for a Surface Flaws
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Figure 2Q Sample Results ofK~ vs 2a/t for a Subsurface Flaws
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3.0 FLAWACCEPTANCE DIAGRAMS

3.1 Flaw Acceptance Criteria

3.1.1 IWB-3500 Acceptance Standards for Examination

The ASME Code, Section XI, IWB-3510.1 tReference 1], outlines the standards for

examination for surface and subsurface planar flaws in pressure retaining vessel weld regions.

It should be noted that the IWB-3500 acceptance standards for surface flaws are measured

relative to the LAS/clad interface. This is because any flaw found entirely within the clad is

considered acceptable per IWB-3500. Since the inspection standards specified in the Code do

not include clad thickness, the allowables for inside surface flaws are adjusted such that the

allowable flaw depth may be measured relative to the surface of the clad rather than the

LAS/clad interface.

Subsurface allowables were calculated based upon a proximity factor ofY = S/a = 1.0, which

is typical of a mid-plane flaw. For flaws where Y < 0.4, the flaw must be classified as a

surface defect according to the proximity rules of IWA-3300. The IWB-3500 curves in the

figures in Appendix C and D are provided for comparison and a detailed calculation based

upon actual S/a proximity factors should be performed to ensure that the IWB-3500 inspection

standards are satisfied.

Flaws detected during inspection must satisfy the requirements of IWB-3500 standards to

justify continued operation. However, ifa flaw does not satisfy these requirements, additional

analysis may be performed in accordance with IWB-3600, which allows for the use of
analytical procedures to evaluate flaws to justify continued operation.

3.1.2 IWB-3600 Analytical Acceptance Criteria
Per IWB-3600 [Reference 1], the analytical techniques described in Section 2.3 of this report

can be used to establish acceptance criteria for flaws which may not necessarily satisfy IWB-

3500 acceptance standards.

To justify continued operation, fatigue crack growth and irradiation embrittlement with time

were considered. These efFects have been conservatively evaluated up to both 20.3 and 28

EFPY. These allowances were used to adjust the allowables calculated per Section 2.3.4
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above to establish a flaw acceptance criteria, such that, if a flaw satisfies the acceptance

criteria, continued operation is justified up to the specified EFPY.

3.2 Development ofAcceptance Diagrams

The results from Section 2.3 are used in conjunction with the above evaluation to develop flaw

acceptance diagrams showing allowable flaw depth (a or 2a) versus aspect ratio (a/L) for each

flaw orientation and location. The limiting flaw depth per IWB-3600 is bounded by either

K,ll or the 1/3t limit, which ever is more limiting. These limiting values are reduced by an

amount oaf„ for surface flaws and 2haf„ for subsurface flaws to account for fatigue crack

growth to compute the IWB-3600 acceptance standard as follows:

allo a ~afg

or

2a.il, = 2a-2hafzg

(surface flaw)

(subsurface flaw) (3-lb)

For some cases, allowable flaw sizes were found to be relatively small for, the minimum

specified test temperatures. But since the leak test condition is limiting for vessel weld

regions, the allowable flaw sizes can be increased by increasing the test temperature.

Therefore, to ensure added margin for flaw acceptability, the system leak test may be

performed at higher temperatures.

Flaw acceptance diagrams for postulated axial and circumferential flaws at all selected

locations are shown in the figures in Appendix C for 20.3 EFPY and Appendix D for
28 EFPY. These curves are limiting for all normal and upset operating conditions. During

operation, the metal service temperature will be on the order of400-550'F, which will always

yield fractu're toughness values higher than those computed for leak test.

The use of the figures in Appendix C for 20.3 EFPY and Appendix D for 28 EFPY is

described in further detail in Appendix B, where a flaw evaluation procedure, worksheet, and

flowchart are provided.
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4.0 SUMMARY

A structural flaw evaluation was performed in accordance with ASME Code Section XI

(1983 Edition with Summer 1983 Addenda) for vertical welds in the vessel cylindrical

regions, as well as the horizontal weld in the vessel flange region. The analysis uses the

most limiting loadings for normal, upset and faulted operation. The flaw evaluation

provided in this report includes fatigue crack growth and irradiation embrittlement for up

to both 20.3 and 28 effective full power years (EFPY). The minimum specified leak test

temperature is 247'F at 1195 psig for 20.3 EFP Y and 260'F at 1195 psig for 28 EFPY. In

general, inside surface flaws w'ere found to be limiting for vessel shell welds. Evaluations

were also performed for subsurface flaws for all selected weld regions. Figure 1-1 of

Section 1.0 identifies all the weld regions selected for analysis.

Loading was assumed to be due to:

~ Membrane pressure stresses

~ Weld residual bending stresses

~ Clad residual stress (clad thickness = 7/32 inches nominal) on the inside surface

only.

The analysis methods follow those prescribed in ASME Code Section XI IWB-3600.

Applied stress intensity factors, Ki, were developed as a function of the flaw depth ratio,

a/t (surface flaw) or 2a/t (subsurface), and aspect ratio, a/L. These were compared to the

allowable fracture toughness, Ki„reduced by the Section XI safety factor of ~10 for leak

test and ~2 for bolt up, to determine allowable flaw sizes.

An upper bound on allowable flaw size was established at 1/3 depth of the LAS wall

thickness to ensure that ASME Code Section IIIprimary stress requirements were met. A

lower bound for allowable flaw sizes is established by the minimum inspection standards of
'WB-3500.Ifthe flaw, however, does not satisfy this standard, continued operation may

still be justified ifthe flaw satisfies the IWB-3600 acceptance criteria, as developed in this

report. For the latter case, there is a reinspection requirement imposed by the Code.

The allowable flaw curves presented in this report are based on conservative assumptions

of possible loadings and flaw location. Ifa specific flaw were to be found, which did not

meet the IWB-3600 allowable in this report, a more specific analysis of the flaw may show
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continued, operation to be acceptable. Ifflaw-specific analysis to IWB-3600 criteria were

not met, it would likely be possible to show continued operation to be acceptable on the

condition that the pressure test temperature be increased. In an extreme case, either flaw

removal or weld repair might be necessary.
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A. MATERIALSDATABOOKAND CALCULATIONS

A-1. Vessel Geometry

Vessel dimensions at each of weld location are listed in Table A-1. The clad thickness in

the vessel region is 7/32 = 0.2188 inch nominally. Figure l-l of Section 1.0 identifies the

location of the various shell plates and the welds. A LAS wall thickness of 7.125 inches

was used in all of the cylindrical shell locations.

A-2. LimitingInitial RTNDq

The initial RTNDq values for the vessel shell plates and welds are summarized in Reference

[3]. For each weld location, the most limiting RTNDY of either the weld or adjacent shell

materials was used. The limiting initial RTNDY values used in the analysis are listed in

Table A-2.

A-3. LimitingRTNor for Non-Beltline Regions

For the non-beltline regions, the base and weld material RTNDr values are summarized in

Table A-2. Conservative initial RTND~ values are assumed because actual values are

unavailable. Because irradiation embrittlement is insignificant in these regions, any shift in

RTNDY is negligible.

A-4. Adjusted Reference Temperatures (ART) for Beltline Regions

The ART values were calculated, in accordance with US NRC Regulatory Guide 1.99

[Ref. 9], using fluence value for each location. The more limiting ART of either the shell

(course) or the weld material was used in the analysis. Values of ART for both 20.3 and

28 EFPY at 1/4 t depth are summarized in Table A-3a and A-3b, respectively. In addition,

Table A-3c documents the chemical composition for the beltline materials. The 1/4T depth

values of ART are reported in Tables A3a 2, A3b because these are generally used in P-T

curves. However, the ART values used for the evaluation of surface flaws are based on

the fluence at the location of the crack tip. The ART values used for the evaluation of
subsurface flaws are conservatively based on the inside surface fluence.

A-5. Fracture Toughness, Kt.
Fracture toughness values are calculated per Appendix G ofSection XI from the ASME

Code [Ref. 1] using the following expression,
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where,

Kq = 26.78+ 1.223et '" ND<'sigin (A-5)

T ('F) = metal service temperature (i.e. test temperature)

For beltline regions, the ART value is substituted for the RTNDT. Fracture toughness

values for both 20.3 and 28 EFPY at 1/4 t depth are summarized in Table A-4a and A-4b

respectively. The maximum calculated value was limited to 200 ksi~in. Table A-4c lists

the LAS material yield strength at various temperatures used in this analysis.

A-6. Vessel Test Pressures and Metal Temperatures

The vessel temperatures and pressures used in the analysis correspond to the hydro test

and bolt up conditions. For the hydro test condition at 20.3 EFPY, the temperature and

pressure are 247'F and 1195 psig respectively [Reference 14]; for 28 EFPY., the

temperature and pressure are 260'F and 1195 psig [Reference 15] respectively. The bolt

up condition was analyzed at a temperature of 100'F.

A-7. Bolt Preload and Shroud Repair & Stud Replacement Stresses

Bolt up stresses are assumed negligible for the beltline vessel welds since stresses are fully

attenuated. Beyond a 10 inch region of the flange discontinuity, flange stresses have been

shown to be fully attenuated [Reference 2], and as such, the analysis for locations other

than VFW does not include any bolt up stresses. The circumferential and longitudinal

stress at the vessel flange weld locations were obtained from Reference 11 and are shown

in Table A-5.

The circumferential and longitudinal stresses resulting from the shroud repair hardware

implementation at Nine Mile Point 1 (Reference 13) are added for the leak test condition at

all welds except the vessel flange weld as shown in Table A-S.

The stresses resulting from the stud replacement at Nine Mile Point 1 (Reference 16) do

not invalidate the existing stresses per Reference 11 (CENC-1142 report) and none are

included at the vessel flange weld and all other locations were included in the values shown

in Table A-5.
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A-8. Cladding Residual Stresses

A stainless steel (SS) clad was applied to the inner surface of the vessel. Based on the

simulated post-weld heat treatment (PWHT) data reported for the welds, a PWHT

temperature of 1150'F is assumed. For the purposes of this analysis, the cladding is

assumed to have zero stress at 1150'F. At temperatures other than the PWHT

temperature, clad stresses are dificult to predict, since they depend on the PWHT and the

clad yield strength.

For room temperature conditions the elastic clad residual stress is initiallyestimated at

+c,70'F E70 (hu) (hT) / (1-p) = 118 ksi > Sy,70+

where,

E7o = 28,300 ksi, modulus ofelasticity for SS at room temperature (Table

I-6.0, Section IIIofASME Code [Ref. 1]).

0.3, Poisson's ratio.

d,T = (1150-70) = 1080'F.

DifFerence in coeflcient of thermal expansion between SS and

LAS, 2.7 x10 6 in/in-'F [Ref. 5]

Sy,70 F 35 ksi, assumed SS yield strength.

However, because the elastic stress is greater than reported yield strengths for stainless

steel clad, a clad stress of35 ksi willbe used at room temperature. This value is consistent

with typical yield strength values reported for 304SS clad materials.

The clad residual stress for the leak test condition at 247'F (for all regions excluding the

bottom head) is estimated as,

+c,24TF +c,70 F + E247 (b,u) (b,T)/(1-p) = 18. 15 kst

where,

E247 27,318 ksi, modulus at 247'F

hT = (70-247) = -177'F (leak test @247'F)
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hu = 2.44 x10 in/in- F

+c,70'F Sy,70'F 35 ksl

The clad residual stress for the leak test condition at 260'F (for all regions excluding the

bottom head) is estimated as,

cc260 F IJ 70 F+ Ez6o (du) (6T)/(i-p) = i7 i i ksi

where,

E200 = 27,240 ksi, modulus at 260'F

6,T = (70-260) = -190'F (leak test 260'F)

, ha = 2 42 xl0 in/in-'F

+c,70'F Sy,70'F
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Table A-1

Vessel Geometry

Component I.D.

AllPlates and
Vertical Welds

AllPlates and
Vertical Welds

G-307-3

G-307-4

G-307-10

Weld RVWD-139

105'eld

RVWD-140 @
225o

Weld RVWD-141
245o

G-8-1

G-8-3

G-& t

Weld RVWD-142 Qa

18O

Weld RVWD-143 @
1380

Weld RVWD-144 @

258'ircumfcrcntial Weld
RVWD-137

Shell

Course

Upper

Upper-
Intermediate

Lower-
Intermediate

Lower-
Intermediatc

Lower

Lower

Lower/ Lower-
Intermediate

Maximum
I.D. [in]

213.438

213.438

213.438

213.438

213.438

213.438

213.438

Min. LAS
Thickness [in]

7.125

7.125

7.125

7.125

7.125

7.125

7.125

Clad
Thickness

[in]

0.2188

0.218&

0.2188

0.2188

0.2188

0.2188

0.2188

Distance
from flange

[in]

<10

> 10

>10

>10

>10

>10

>10

NOTE: For components >10 inches away from thc flangc, bolt up stresses are fullyattenuated (Ref. 2).
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Table A-2

LimitingInitialRTNDT

Weld Region Shell Course Weld
Material.«

f'F)

Base
Material.

t'Fl

LimitingRTNDT

including 2at
['F]

AllVertical
Welds

Upper 40 40«« 40

AllVertical
Welds

Upper-Intermediate 40 40«« 40

Weld @ 105'ower-Intermediate

Weld @ 225 Lower-Intermediate

-50

-50

28

40

28

40

Weld I345'ower-Intermediate -50 40 40

Weld 18'ower -50 36 36

Weld @
138'eld

@258'ircum.

Weld
RVWD 137

Lower

Lower

Lower/ Lower-
Intermediate

-50

-50

-50

36

-3

40

36

-3

40

«Values from Reference 3.

««Conservatively assumed values for non-beltline plates
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Table A-3a

Adjusted Reference Temperature (ART) Information

for Beltline Regions I20.3 EFPY

Shell Course Weld Region

Weld

105'luence

at

1/4 t
[n/cm ]

9.26 x

10'imitingART)lg)
based on

fluence ['F]

116»

Lower Inter. Weld I
225'eldI345'.21

x
10'.26

x 10'44»
Weld I18'.327 x 10"

Lower

Lower/
Lower-

Intermediate

'"'eld material is limiting
+) Plate material is limiting

Weld I
138'eld

258'eld

RVWD
137

2.187 x
10'.743

x
10'.357

x

10'10»72»
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Table A-3b

Adjusted Reference Temperature (ART) Information

for Beltline Regions 28 EFPY

Shell Course Weld Region Fluence at

1/4 t

[n/cm ]

Limiting
ARTv4t

based on
fluence ['F]

Weld I 105' 27 x
Ipt'ower

Inter. Weld 225' 43 x Ip»

1ZS»

1ZZ»

Weld I345' 27 x 1P" 155»

Weld I18'.73 x 10'S6»
Lower Weld@138' pz x lp» 119»

Weld 258' 92 x lpt7 79»

Lower/
Lower-

Intermediate

"'eld material is limiting

Plate material is limiting

Weld RVWD
137

8.789 x

10'-9
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Table A-3c

Best Estimate Chemistry for Beltline Materials

Identification CU

Shell (CoUrse) Chemical ComPosition (Wt. %)* Chemistry

Factor
(Deg)~'-307-3

0.20 0.48 134.6

G-307-4 0.27 0.53 174.0

G-307-10 0.22 0.51 148.9

G-8-1 0.23 0.51 221.3~~~

G-8-3 0.18 0.56 130.2

G-8-4 0.18 0.56 130.2

AllWelds 0.22 0.20 112.0

«Note: Based on Refercncc 12.

~~Note: Table 1 (weld) or Table 2 (Shell) ofRcg. Guide 1.99 [Reference 9]

~'~Note: This is chemistry factor for Plate G-8-1 used to develop the P-T curves fRefercnce 3]
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Table A-4a

Fracture Toughness, K~

per Appendix G, Section XIofASME Code

Beltline Regions @20.3 EFPY

Weld Region Test Temp

I']
ARTig~ ['F] Kla 1/4t

[ksi~in ]

Non-Beltline 247 40» 200

Weld
105'eld

@
225'47

247

116

114 113

Weld @ 345'47 144 82

Weld I18'47 144 82

Weld
138'eldI258'47

247

110

72

118

186

Weld RVWD
137

247 132 93

* Note: LimitingRT~T is used.
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Table A-4b

Fracture Toughness, Kg

per Appendix G, Section XIofASME Code

Beltline Regions @28 EFPY

Weld Region

Weld I
105'eld

@

225'est

Temp

['F]

260

260

ARTv4t ['F]

125

122

Kh 1/4t

[ksi~in ]

116

120

Weld @
345'eldI18'60

260

155

156

84

83

Weld 138'60 119 123

Weld
258'eld

RVWD
137

260

260

79

142

200

96

A -12
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Table A-4c

Yield Stress for LAS Vessel Wall Material (Ref. 8)

Source ofTemperature from

Pressure-Temperature Curves

Temperature

('F)
Yield Stress (ksi)

Bolt up

Leak Test at 20.3 EFPY with
pressure of 1195 psig

Leak Test at 28 EFPY with
pressure of 1195 psig

100

247

260

50

46.26

46.01
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Table A-5

Stress Values Used in the Flaw Evaluation

Location Loading

Condition

Flaw
Orientation

Pressure
Stress Pcsi]

Other
(ee)Loading

lksi]

Weld
Residual

Pcsi]

Clad Residual
[ksi]

20.3 EFPY 28 EFPY

Non-Beltline Bolt up ae = 0.0 1.7 7.8 35.0 35.0

(near flange) Circumf. a,=0.0 0.0 26.0 35.0 35.0

Non-Beltline

(near flange) Test

Axial

Circumf.

ae ~ 18.51

a, = 9.26

0.3 6.9

0.3 21.9

18.15

18.15

17.11

17.11

Non-Beltline

(away from flange) Test

Axial

Circumf.

ae = 18.51

a,= 9.26

0.3 0.5

0.3 0.5

18.15

18.15

17.11

17.11

Vertical Welds

Beltline Test

Axial

Circumf.

ae= 1851

a, = 9.26

0.3 0.5

0.3 0.5

18.15

18.15

17.11

17.11

Circumferential

weld Beltline Test

Axial

Circumf.

ae = 9.26

a, = 18.51

0.3 0.5

0.3 0.5

18.15

18.15

17.11

17.11

'alculated at surface ofvessel wall.

" Includes 0.3 ksi (membrane) and 0.5 ksi (bending) from Reference 13 along with other stress from

Reference 11 for appropriate transient condition.

"Calculated by formula ofPR/t (hoop) and PR/2t (axial), where P = 1.195 ksi (leak test) and 0 ksi

(bolt up), R = Mean radius = 110.28 in, and t = 7.125 in.
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APPENDIX 8 - FLA% EVALUATIONPROCEDURE
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B. FLAWEVALUATIONPROCEDURE

This section describes the procedure to be followed to evaluate a fiaw should one be found

in the reactor pressure vessel. The attached worksheet is to be used to record the flaw

evaluation for each flaw. Figure B-I may be used to sketch the fiaw. Figure B-2 is a

flowchart which outlines the detail evaluation procedure described below.

The following procedure should be used in conjunction with the flaw acceptance diagrams

(Figures in Appendix C and D), the attached worksheet and flaw evaluation flowchart to

determine flaw sizes and evaluate the acceptability offlaws.

B-1. Determine Region and Orientation ofFlaw

Particular flaw locations not considered in this handbook are listed below. Flaws in any of
these locations shall be listed as region 0 in step 1 of the worksheet. These flaws must be

addressed with a flaw specific analysis not covered by this handbook.

a) Flaws in or near (within 1 plate thickness of) attachment welds,

b) Flaws in or near (within ~Rt = 28 inches of) the shroud support plate to vessel
weld,

c) Flaws in or near (within JRt = 28 inches of) the vessel support skirt to vessel
weld,

d) Flaws in vessel studs or nuts,

e) Flaws in nozzles or nozzle-to-vessel blend radii,

f) Flaws in reactor internals,

g) Flaws in nozzle safe ends or piping,

h) Flaws in vessel tophead or bottomhead.

The various vessel welds considered in this handbook are shown in Figure l-l. Flaws

should be classified as either inside surface, outside surface, or subsurface per the

proximity rules ofSection Xl of the ASME Code. The correct weld region identification is

to be recorded on step 1 of the worksheet. Ifthe flaw is contained in two regions or ifit is

not possible to definitely determine in which region the flaw is located, the flaw is to be

evaluated against the acceptance criteria for the more limiting region.
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The flaw orientation shall be classified as circumferential ifthe plane of the flaw is within

30'fhorizontal. A flaw which is greater than 30'rom horizontal shall be classified as

axial.

B-2. Flaw Geometry and Classification

The geometry of the flaw or group of flaws in close proximity are first to be sketched.

This sketch should be attached to the worksheet. Figure B-1 may be used for this sketch

which shall include:

a) The measured thickness, 't', ofthe low alloy steel vessel wall in the region
containing the flaw. Ifthe measured thickness is not available, the design
thickness from Table A-1 shall be used.

b) The measured clad thickness, 'tclad', in the region of the flaw. Ifthe clad

thickness can not be determined, the nominal clad design thickness of0.2188

inch is to be used per paragraph IWA-3320 ofSection XIofthe ASME Code.

c) The location of the flaw with respect to the surface and to other flaws is to be
sketched and dimensioned in accordance with IWA-3300 ofSection XI, ASME
Code.

I')

The flaw shape and measurements ofproximity parameters in accordance with
the proximity rules ofIWA-3300 ofSection XI, ASME Code.

e) Combine any flaws in close proximity to other flaws or to the surface according
to the rules contained in section IWA-3300. Flaws need not be combined
unless they are in parallel planes within I/2-inch of each other.

Upon applying proximity rules, planar flaws willbe classified as follows:

1) inside surface flaws (measured from clad surface).

2) outside surface flaws (no clad).

3) subsurface flaws.

The appropriate classification should be recorded in step 3 of the worksheet.
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B-3. Flaw Size and Aspect Ratio

The final flaw dimensions are next recorded in step 5 ofthe worksheet. Note that for

subsurface flaws, the flaw depth is measured as 2a. The flaw aspect ratio is calculated as

a/L, where 'a'epresents the half-depth in the case ofsubsurface flaws.

B-4. IWB-3500 Flaw Evaluation
V

The detected flaw is first evaluated in accordance with paragraph IWB-3500 of the ASME

Code, Section XI. Note that the subsurface IWB-3500 curves have been calculated only

for a typical mid-plane flaw with a proximity factor ofY = 1.0. The allowable flaw depth

should be calculated in accordance with IWB-3510 based upon the actual measured flaw

location to show acceptability. The subsurface IWB-3500 evaluation provided in this

handbook are only valid for Y = S/a = 1.0.

B-5. IWB-3600 Flaw Evaluation

Ifthe flaw does not satisfy the requirements of IWB-3500, the Site Corrective Action

Program Activityis required and the IWB-3600 allowables may be used to justify

continued operation up to the EFPY(s) evaluated in the flaw handbook; however,

reinspection willbe required.

B-6. Section IH Evaluation (1/3 Limit)

Ifthe flaw does not,satisfy the allowable per IWB-3600 analysis, either flaw removal (1/3

limit satisfied) or weld repair (1/3 limitexceeded) willbe necessary, unless a further flaw-

specific evaluation can show the flaw to be acceptable. Refer to Figure B-2 and the

attached worksheet for further details.
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B-7. Further Evaluation

Ifa flaw can not be shown to be acceptable according to the flaw acceptance diagrams

given in this report, it is possible that a flaw-specific analysis can be completed to show

acceptance ofthis flaw with no repair. Because this analysis considers most ofthe Nine

MilePoint Unit 1 vessel, some conservative assumptions were made to make the results

bounding for various regions of the vessel. Some conservative assumptions which were

made in the IWB-3600 fracture analysis include:

1. The most limiting (highest) RTNDT for any material within the adjacent shell

segments is assumed for the entire weld region.

2. The largest bending stresses for the closure flange regions are assumed to occur

over the entire region.

3. Subsurface flaws are evaluated based upon surface fluence values and bounding

proximity eFects.

Although these assumptions do not add much conservatism to the analysis in most cases, a

flaw-specific analysis should first be conducted to eliminate these conservatisms. Another

possible alternative is to increase the leak test temperature. This may increase the material

toughness during the most severe loading in terms offracture and increase the allowable

flaw depths. In this case, allowable flaws for operating conditions would, have to be

determined.

Ifthe local stress limit (1/3 thickness) region of the acceptance curve is exceeded (the flat

portion of the curve) the assumptions made above willnot afFect the flaw depth limit. For

this case, a finite element analysis will likely be able to show additional margin.

Ifa flaw-specific analysis is not able to resolve the detected flaw, the flaw may have to be

ground out or in extreme situations weld repaired (see flowchart ofFigure B-2).
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Vessel Flaw Sketch

Fiaw ID:

Cladding Thickness Vessel Wall Thickness

Figure B-1. Form for Vessel Flaw Sketches.
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FLAWEVALUATlONFLOWCHART

~ ldentrty proper wekt repion

~ Sketch flaw4 apply prcjdnuty ru4s

~ Clsssdy paw (surtace, subsurface)

~ Determrne tlaw parameters (a. (., t)

' Calculate aspect rabo. a/I.

~ I.ocate ~Ilowsbles on acceptance deprsm

YES

Srte Oorecdwr Acbon Program

Actnrty is Reouired,

YES
Does Paw sabsfy IWB.SINcntena?

Is ilawbelow the 1'as lenity

YES

I No

Reins pecten necessary

No rema pecoon necessary

Wekt Repair

Re@tered

CONTINUFD

OPERATION

IS

JUSTIFIED

Flaw RemrNal Acceptable

(no weld repab)

Figure B-2. Flowchart of flaw evaluation process.

B-7





GE Nuclear Energy GENE-B13-01805-124, Rev. 0
DRF ¹ B13-0202$ -00

NINE MILEPOINT UNIT l FLAWEVALUATIONWORKSHEET

Flaw ID:

1. Determine Re ion and Orientation ofFlaw. The weld region should be identified by
I

the nearest weld. The orientation is either [A]xialor [C]ircumferential. Ifthe flaw is at

a junction between two welds, the region with the more limiting acceptance criteria

should be conservatively used.

Region:

Orientation:

2. Sketch Flaw Geomet . Use the attached fiaw sketch to draw the flaw.

~fli I .fl fl ~ i I fl i ly fl fl fl«fl fl'fl
the proximity rule of IWA-3300, Section XI of the ASME Code. Classify flaw as

either:

Inside Surface

Outside Surface

Subsurface

4. Determine Vessel Wall Geomet . Ifthe flaw is classified as subsurface or outside

surface, input 0 for clad thickness, else enter the analysis value for clad thickness as

listed in Table A-l ofAppendix A for the specified weld region.

Cladding Thickness, t,i.d

Low AlloySteel Thickness, t l~ =

Total thickness, t = t,i.a+ t l~ =

(in)

(in)

(in)
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(Nine MilePoint Unit 1 Flaw Evaluation Worksheet cont'd)

Flaw ID:

5. Size Flaw. Calculate flaw depth, including any portion ofthe flaw extending into the

cladding.

Surface Flaws:

FlawDepth, a =

Flaw Length, L =

Subsurface Flaws:

(in) Flaw Depth, 2a = (in)

(in) HalfDepth, a= (in)

FlawLength, L= 'in)
Distance to Surface as defined

in IWA-3300, S = (in)

6. Calculate As ect Ratio ofFlaw.

Flaw Aspect Ratio, a/L =

7, IWB-3500 Flaw Evaluation. Fo'r the given a/L aspect ratio, determine the allowable

flaw depth, a (surface) and 2a (subsurface), in accordance with IWB-3510 of the Code

and record the value below. Ifthe flaw depth recorded in step 5 is below the allowable

value, check the box "Acceptable per IWB-3500" below. Qtherwise, check the box

"Unacceptable per IWB-3500" and continue to step 8.

Inside Surface Flaw:

IWB-.3500 Allowable Depth = a = (in),

Outside Surface Flaw (top head, head flange, vessel flange regions only):
IWB-3500 Allowable Depth = a = (in)

Subsurface Flaw:

IWB-3500 Allowable Depth = 2a = (in)
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(Nine MilePoint Unit 1 Flaw Evaluation Worksheet cont'd)

Flaw ID:

ACCEPTABILITY:
Acceptable per IWB-3500.

Unacceptable per IWB-3500. (Site Corrective Action

Program Activityrequired)

8. IWB-3600 Flaw Evaluation. Record the appropriate flaw acceptance diagram Figure

number from Section 3.0. Record the allowable flaw depth, a or 2a, from the

appropriate curve for the specified orientation. Ifthe flaw depth recorded in step 5 is

below the allowable value, check the box "Acceptable per IWB-3600" below.

Otherwise, check the box "Unacceptable per IWB-3600", and proceed to step 9.

NOTE: Outside surface flaws for vessel and bottom head regions are not considered

limiting. Flaw specific analysis would be required ifoutside surface flaws were found

in any region below the vessel flange.

Figure ¹

Inside Surface Flaw:

IWB-3600 Allowable Depth = a = (in)

Outside Surface Flaw (top head, head flange, vessel flange regions only):
IWB-3600 Allowable Depth = a = (in)

Subsurface Flaw:

IWB-3600 Allowable Depth = 2a = (in)
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(Nine Mile Point Unit 1 Flaw Evaluation Worksheet cont'd)

Flaw ID:

ACCEPTABILITY:
Acceptable per IWB-3600. (for EFPY)

Unacceptable per IWB-3600.

9. From figure identified above, record the 1/3 wall thickness limitbelow. Ifflaw depth is

below 1/3 limit, flaw removal is acceptable. Otherwise, weld repair is necessary.

1/3 Limit= (in)

From step 5 above:

Flaw depth= a= (surface)

2a +s - (clad thickness, ifapplicable) = (subsurface)

Flaw depth ( 1/3 Limit: Flaw removal acceptable (No weld repair)

Flaw depth) 1/3 Limit: Weld repair required
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APPENDIX C - ALLOWABLEFLAWSIZE FOR 20.3 EFPY

This Appendix contains Figures C-1 through C-22
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Figure C-1. Non-Beltline, Vessel Flange Horizontal Weld I. D. Flaw
@20.3 EFPY
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Figure C-2. Non-Beltline, Vessel Flange Horizontal Weld O. D. Flaw
@20.3 EFPY
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Figure C-3. Non-Beltline, Vessel Flange Horizontal Weld Subsurface Flaw
@20.3 EFPY
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Figure CQ. Non-Beltline, Near the Vessel Flange I. D. Flaw
@20.3 EFPY
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Figure C-5. Non-Beltline, Near the Vessel Flange O. D. Flaw
@20.3 EFPY
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2.500

Figure C-6. Non-Beltline,Near the Vessel Flange Subsurface Flaw
@20.3 EFPY
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Figure C-7. Non-Beltline, Lower Course Surface Flaw
@20.3 EFPY
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Figure C-8. Non-Beltline, Lower Course Subsurface Flaw
@20.3 EFPY
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Figure C-9. Lower-Intermediate Course at 105 Deg, Surface Flaw

e 20.3 EFPY
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Figure C-11. Lower-Intermediate Course at 225 Deg, Surface Flaw

@ 20.3 EFPY
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Figure C-12. Lower-Intermediate Course at 225 Deg, Subsurface Flaw

@ 20.3 EFPY
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Figure C-13. Lower-intermediate Course at 345 Deg, Surface Flaw
@20.3 EFPY
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Figure C-14. Lower-Intermediate Course at 345 Deg, Subsurface Flaw

e 20.3 EFPY
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Figure C-15. Lower Course at 18 Deg, Surface Flaw
@20.3 EFPY
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Figure C-17. Lower Course at 138 Deg, Surface Flaw
@20.3 EFPY
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Figure C-18. Lower Course at 138 Deg, Subsurface Flaw
@20.3 EFPY
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Figure C-19. Lower Course at 258 Deg, Surface Flaw
@20.3 EFPY
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Figure C-20. Lower Course at 258 Deg, Subsurface Flaw
@20.3 EFPY
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Figure C-21. Beltline Circum. Weld RVWD 137, Surface Flaw
@20.3 EFPY
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Figure C-22. Beltline Circum. Weld RVWD 137, Subsurface Flaw
@20.3 EFPY
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Figure C-10. Lower-Intermediate Course at 105 Deg, Subsurface Flaw
@20.3 EFPY
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Figure C-16. Lower Course at 18 Deg, Subsurface Flaw
@20.3 EFPY
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APPENDIX D - ALLOWABLEFLAWSIZE FOR 28 EFPY

This Appendix contains Figures D-1 through D-22
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Figure D-1. Non-Beltiine, Vessel Flange Horizontal Weld I. D. Flaw
@28 EFPY
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Figure D-2. Non-Beltline, Vessel Flange Horizontal Weld O. D. Flaw
@28 EFPY
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Figure D-3. Non-Beltline, Vessel Flange Horizontal Weld Subsurface Flaw
@28 EFPY
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Figure 0-4. Non-Beltline, Near the Vessel Flange l. D. Flaw
@28 EFPY
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Figure D-5. Non-Beltline, Near the Vessel Flange O. D. Flaw
@28 EFPY
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Figure D-6. Non-Beltline,Near the Vessel Flange Subsurface Flaw
@28 EFPY
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Figure D-7. Non-Beltline, Lower Course Surface Flaw
@28 EFPY
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Figure D-8. Non-Beltline, Lower Course Subsurface Flaw
@28 EFPY
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Figure D-9. Lower-Intermediate Course at 105 Deg, Surface Flaw
@28 EFPY
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Figure D-10. Lower-Intermediate Course at 105 Deg, Subsurface Flaw
@28 EFPY
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Figure D-11. Lower-Intermediate Course at 225 Deg, Surface Flaw

@ 28 EFPY

2.000

C

1.500

O

IL
O

1.000

O

~ Cladding

~1/3 Limitw/o clad thick.~ IWB-3510 Eval.w/ clad thick.~ IWB-3600 Axial Eval. w/ clad thick.~ IWB-3600 Circum. Eval. w/ clad thick.

0.500-

0.000

0 0.05 0.1 0.15 0.2 0.25 0.3

Flaw Aspect ratio (a/L)

0.35 0.4 0.45 0.5

D-12



f
e



GE Nuclear Energy GENE-Bl3-0180$ -/24,Rev.0
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Figure D-12. Lower-Intermediate Course at 225 Deg, Subsurface Flaw

li28 EFPY
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Figure D-13. Lower-Intermediate Course at 345 Deg, Surface Flaw
@28 EFPY
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Figure D-14. Lower-Intermediate Course at 345 Deg, Subsurface Flaw
@28 EFPY
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Figure D-15. Lower Course at 18 Deg, Surface Flaw
@28 EFPY

2.000

C

~ 1.500

D

u

2 1.000

- ~Cladding

~1/3 Limitw/o clad thick.

~ IWB-351 0 Evai. & IWB 3600 Eval. w/ clad thick.

- ~IWB-3600 Circum. Eval. w/clad thick.

0.500

0.000

0 0.05 0.1 0.15 0.2 0.25 0.3

Flaw Aspect ratio (a/L)

0.35 0.4 0.45 0.5

0-16





GE Nuclear Energy GENE-B/3-01805-124,Rev.0
DRF -B/3-025025-00

2.500

Figure D-16. Lower Course at 18 Deg, Subsurface Flaw
@28 EFPY
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Figure D-17. Lower Course at 138 Deg, Surface Flaw
@28 EFPY
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Figure D-18. Lower Course at 138 Deg, Subsurface Flaw
|I 28 EFPY
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Figure D-19. Lower Course at 258 Deg, Surface Flaw
@28 EFPY
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Figure D-20. Lower Course at 258 Deg, Subsurface Flaw
@28 EFPY
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GE Nuc/ear Energy GENE-B/3-01805-124,Rev.0
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Figure D-21. Beltline Circum. Weld RVWD 137, Surface Flaw
ti 28 EFPY
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Figure D-22. Beltline Circum. Weld RVWD 137, Subsurface Flaw
@28 EFPY
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