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EXECUTIVE SUMMARY

Nuclear Management Company is considering plant life extension, power uprate to 1678 MWt
and remova! of hafnium power suppression assemblies from the core for Point Beach Units 1
and 2. As a result of these changes, operating conditions including vessel temperatures and
projected fluence values at 53 effective full power years (EFPY) of plant operation have
changed. it must be ensured that these changes do not affect the plant adversely from a
regulatory compliance point of view. One of the compliance issues is Appendix G to 10 CFR
Part 50 where low upper-sheff toughness is addressed. An equivalent margins assessment has
to be made for material toughness when the upper-shelf Charpy energy level falls below 50 ft-
Ib. This report addresses this particular compliance issue regarding low upper-shelf toughness

only.

The Charpy upper-shelf value of reactor vessel bellline weld materals at Point Beach Units 1
and 2 may be less than 50 & Ib at 53 EFPY. In order to demonstrate that sufficient margins of
safety against fracture remain to satisfy the requirements of Appendix G to 10 CFR Part §0, a
low upper-shelf fracture mechanics analysis has been performed. The limiting welds in the
beltiine region have been evaluated for ASME Levels A, B, C, and D Service Loadings based
on the evaluation acceptance criteria of the ASME Code, Section X|, Appendix K.

The analysis presented in this report demonstrates that the limiling reactor vessel beltline weld
at Point Beach Units 1 and 2 satisfies the ASME Code requirements of Appendix K for ductile
flaw extensions and tensile stability using projected low upper-shelf Charpy impact energy
levels for the weld material at 53 EFPY.
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1.0 Introduction

Nuclear Management Company is considering plant life extension, power uprate to 1678 MWt
and removal of hafnium power suppression assemblies from the core for Point Beach Units 1
and 2. This document assesses the effect of these proposed changes on the upper-shelf
fracture toughness of the reactor vessels. The B&W Owners Group (B&WOG) fracture
toughness mode! was used in the low upper-shelf toughness fracture mechanics analyses of
the reactor vessels of the BAWOG Reactor Vessel Working Group (RVWG) which includes the
Point Beach Units 1 and 2 reactor vessels. The low upper-shelf toughness analysis for all
reactor vessels of the BSWOG RVWG for Levels A & B Service Loadings was documented in
BAW-2182PA [1]. An additional fracture mechanics analysis for Levels C & D Service Loadings
was carried out for all these reaclor vessels and documentad in BAW-2178PA [2]. Both these
reports have been accepted by the NRC. As a result of a subsequent power uprate, an
additional low upper-shelf toughness analysis covering end-of-license and end-ofdicense
renewal fiuence values was performed for Point Beach Units 1 and 2 [3). For the current
planned changes, the effect on the reactor vessel malerials upper-shelf toughness Is assessed
in this report.

Welds in the beltline region of all B&W Owners Group Reactor Vessel Working Group plants,
including the Point Beach Units 1 and 2 vessels, have been analyzed [1, 2] for 32 effective full
power years (EFPY) of operation fo demonstrate that these low upper-shelf energy materials
would continue to satisfy federal requirements for license renewal, In Reference 3, the Point
Beach vessels were analyzed up to thelr forecasted end-of-license extension periods at a
partially uprated power level of 1650MWI1 with hafnium power suppression assemblies, and both
vessels were shown to be acceptable. The purpose of the present analysis Is to perform a
similar low upper-shelf toughness evaluation of the reactor vessel welds at the Point Beach
plants for projected neutron fluences at 53 EFPY.

The present analysis addresses ASME Levels A, B, C, and D Service Loadings. For Levels A
and B Service Loadings, the low upper-shelf toughness analysis Is performed according to the
acceptance criteria and evaluation procedures contained in Appendix K to Section Xl of the
ASME Code [4]. The evaluation also utilizes the acceptance criteria and evaluation procedures
prescribed in Appendix K for Levels C and D Service Loadings. Levels C and D Service
Loadings are evaluated using the one-dimensional, finite element, therma! and siress models
and linear elastic fracture mechanics methodology of Framatome ANP's PCRIT computer code
to determine stress intensity factors for a worst case pressurized thermal shock transient.

AREVA
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2.0 Changes in Operating Condition Parameters

As a result of the planned updates to the Point Beach Units 1 and 2, there are increases In the
projected end of life fluences for both the units. There are also changes in the plants’ operating
temperatures. These inputs were provided by the Nuclear Management Company and included
as Appendix A and summarized in this section.

The analysis for current licensed rated power conditions (1540 MWH) gives a maximum cold leg
temperature of 544.5°F. As a result of the power uprate to 1678 MWt, the maximum cold leg
temperature is reduced to 541.4°F. The projected reactor vessel fluence values at 63 EFPY
are provided in Table 2-1. For this analysis, three cases, terrned Evaluation Conditions, are
studied — uprated power conditions without hafnlum assemblies, cument power conditions
without hafnium assemblies, and current power conditions with hafnium assemblies. Fluence
values for these three cases are reportad only for the controlling welds identified through review
of the results reported in References 1, 2 and 3. Locations of the reactor vessel welds for Point
Beach Units 1 and 2 are illustrated in Figures 2-1 and 2-2 respectively.

AREVA
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Table 2-1 Evaluation Conditions

BAW-2467NP

Fluence (n/cm?) at 53 EFPY
EVALUATION EVALUATION EVALUATION
CONDITION 1 CONDITION 2 CONDITION 3
Weld Cu Ni Uprated Power Current Power Current Power
Weld Number | (Wt%) | (Wt%) Conditions Without Conditions Without Conditions With
Plant Location [1] | [1) [5] [5) Hafnlum Assemblies Hafnium Assembfies Hafnium Assemblies
Cold Leg Temp: Cold Leg Temp: Cold Leg Temp:
541.4°F 544.5°F 544.5°F
PB-1 t;n"";’ Shel | sas47 | 023 | 052 3.37E+19 3.12E+19 2 67E+19
Inter.
ShelllLower | SA-1101 | 0.23 0.59 4.91E+19 4.52E+19 3.82E+18
Shell Circ.
inter.
PB-2 Shell/Lower | SA-1484 0.26 0.60 5.00E+19 4.65E+19 3.79E+19
Shell Circ.
2 A%
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Figure 2-1 Reactor Vesse! of Point Beach Unit 1
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Figure 2-2 Reactor Vessel of Point Beach Unit 2
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3.0  Material Properties and Reactor Vessel Design Data

An upper-shelf fracture toughness material model s discussed below, as well as mechanical
properties for the weld material and reactor vessel design data.

3.4 Jintegra! Resistance Mode! for Mn-Mo-Ni/Linde 80 Welds

A model for the J-integral resistance versus crack extension curve (J-R curve) required to
analyze low upper-shelf energy materials has been derived specifically for Mn-Mo-NifLinde 80
weld materials. A previous analysis of the reactor vessels of B&W Owners Group RVWG [1]
described the development of this toughness model from a large data base of fracture
specimens. A lower bound (-2S,) J-R curve is obtained by multiplying J-integrals from the
mean J-R curve by 0.699 [1]. it was shown in a previous low upper-shelf toughness analysis
performed for B&W Owners Group plants [6] that a typical lower bound J-R curve is a
conservative representation of toughness values for reactor vessel bellline materials, as
required by Appendix K [4] for Levels A, B, and C Service Loadings. The best estimate
representation of toughness required for Level D Service Loadings is provided by the mean J-R
curve [7].

3.2 Reactor Vessel Design Data

Pertinent &esign data for upper-shelf flaw evaluations in the be'tline region of the reactor vessel
are provided below for Point Beach Units 1 and 2.

Design Pressure, Py = 2485 psig [2] (use 2500 psig)
Inside radius, R; = 66in. [2]

Vessel thickness, ¢ = 65in. [2]

Nominal cladding thickness, & = 0.1875In. [2]

3.3 Mechanical Properties for Weld Material

Mechanical properties for the base and weld materials are presented in Tables 3-1 through 3-3.
The reaclor vesse! base metat at Point Beach Unit 1 is SA-302, Grade B low alloy steel, and at
Paint Beach Unit 2 is SA-508, Grade 2, Class 1 low alloy steel [8). Base metal properties are
found in the ASME Code [9]. Weld metal tensile properlies are taken from appropriate
surveillance capsule data of each weld malerial. The ASME ftransition region fracture
toughness curve for K, used o define the beginning of the upper-shelf toughness region, is
indexed by the initial RT,o; of the weld material. Also, Polsson's ratio, v, is taken to be 0.3.

AREVA
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3.3.1 Axial Weld SA-847

Table 3-1 Mechanical Properties for SA-847 Weld of Point Beach Unit 1

Temp. E Yield Strength (a;) Ultimate Strength (ou)* a
Material: Base Base Weld Base Weld Base
Metal Metat SA-847 Metal SA-847 Metal
Source: Code Code Actua! Code Actual Code
[Ref] (€] [ (10] (9] {10 (€]
(°F) (ksi) (ksi) (kesi) (ksl) (ksl) (in/in/*F)
100 28200 50.00 85.00 80 99.8 7.06E-06
200 28500 47.60 89.60 80 0.8 7.25E-06
300 28000 46.10 86.01 80 9.8 7.43E-06
336 27760 45.74 85.10 80 97.6 7.48E-06
400 27400 45.10 84.77 80 9.8 7.58E-06
500 27000 44.50 84.26 80 £9.8 7.70E-06
5414 26751.6 44.16 84.04 80 99.8 7.75E-06
5445 26733 44.14 84.03 80 99.8 7.76E-06
550 26700 4411 84.00 80 99.8 7.77E-06
600 26400 43.80 83.74 80 08.8 7.83E-06

* Note: The ulfimate strength values of the base and weld metals given here are not ysed in cakculations

Initial RTnor = -5.0°F [5]

Margin = 48.3°F (5]

Page 13 of 44
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.

3.3.2 Circumferential Weld SA-1011

Table 3-2 Mechanical Properties for SA-1101 Weld of Point Beach Unit 1

Temp. E Yield Strength (o) Ultimate Strength ()" a
Material: Base Base Weld Base Weld Base
Meta! Metal SA-1101 Meta! SA-1101 Metal
Source: Code Code Actual Code Aclusal Code
[Ref] (6] 8] (1] 9] {11] i€
("F) {ksD) (ksi) (ksi) (ksi) (ksi) (in/in/°F)
100 29200 50.00 £3.66 80 105.10 7.06E-06
200 28500 47.50 82.20 80 104.60 7.25E-06
300 28000 46.10 00.74 80 104.70 7.43E-06
400 27400 4510 89.29 80 104.50 7.58E-06
500 27000 44.50 87.83 80 104.30 7.T0E-06
541.4 267516 44.14 87.23 80 104.21 7.76E-06
544.5 26733 44.14 87.18 80 104.21 7.T6E-06
550 26700 44.11 87.10 80 104.20 1.77E-06
€00 26400 43.80 86.37 80 104.10 7.83E-06

* Note: The ultimate strength vatues of the base and weld metals given here are not used in calculations

Initial RTyor = 10.0°F [5)

Margin = 56.0°F [5]

3-3
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3.3.3 Circumferential Weld SA-1484

Table 3-3 Mechanical Properties for SA-1484 Weld of Point Beach Unit 2

Temp. E Yield Strength (o) Uitimate Strength (c)* a
Material: Base Base Weld Base Weld Base
Metal Meta! SA-1484 Meta! SA-1484 Metal
Source: Code Code Actual Code Actual Code
[Ref] i€ {9] (12] (9 2] (el
(°F) (ksi) (ksf) {ksf) (ksi) (ksf) {infinf"F)
100 27800 50.00 82.10 80 £6.90 6.50E-06
200 27100 47.50 79.57 80 82.98 6.67E-06
300 26700 46.10 78.00 80 20.40 6.87E-06
400 26100 4510 747 80 89.41 7.07E-06
450 25900 44.76 76.80 80 80.60 7.15E-06
500 25700 44 50 76.42 80 90.29 7.25E-06
5414 25480 4416 76.15 80 91.25 7.32E-06
544.5 25444 44.14 76.13 80 91.34 7.33E-06
580 25264 43.94 76.00 80 92.50 7.39E-06
600 25200 43.80 75.80 80 93.28 7.42E06

* Note: The ultimale strength values of the base and weld metals given here are not used in calculations

Initial RTyor = -5.0°F [5)
Margin = 68.5°F [5)

AREVA
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4.0  Analytical Methodology

Upper-shelf foughness is evaluated through use of fracture mechanics analytical methods that
utilize the acceptance criteria and evaluation procedures of Section X1, Appendix K [4), where
applicable.

4.1 Procedure for Evaluating Levels A and B Service Loadings

The applied J-integral Is calculated per Appendix K, paragraph K-4210 [4), using an effective
flaw depth to account for small scale yielding at the crack tip, and evaluated per K-4220 for
upper-shelf toughness and per K-4310 for flaw stability.

4.2  Procedure for Evaluating Levels C and D Service Loadings

Levels C and D Service Loadings are evaluated using the one-dimensional, finlle element,
thermal and stress models and linear elastic fracture mechanics methodology of the PCRIT
computer code to determine stress intsnsity factors. The beltline region welds identified in
Section 3.3 are analyzed for &l Level C and D transients. Two Levet D trensients are specified
for the Point Beach Units. The original equipment specification includes a Steam Line Break
{SLB) transient and a Reactor Coolant Line Break (LOCA) transient. The Poini Beach FSAR
contains 2 Steam Line Break (two loops m service) without Offsite Power transient [13].

The transients considered appear in Figure 5.1. Transients are assumed to hold steady at the
end of their definitions, and are held constant unlil the thermal! gradient through the shell has
developed fully and begins to dissipate.

The evaluation is performed as follows:

(1)  For each transient described above, utilize PCRIT to calculate stress intensity
factors for a semi-elliptical fiaw of depth '/,, of the base meta! wall thickness, as
a function of time, due fo internal pressure and radial thermal gradients with a
factor of safety of 1.0 on loading. The applied stress intensity factor, K,
caleufated by PCRIT for each of these transients is compared to the K limit of
the weld. The transient that most closely approaches the K, limit is chosen as
the limiting translent, and the crifical thime In the limiting transient occurs at the
point where K; most closely approaches the upper-shelf toughness curve.

(2) At the critical transient time, develop a crack driving force diagram with the
applied J-integral and J-R curves plotted &s a function of flaw extension. The
adequacy of the upper-shelf toughness Is evaluated by comparing the applied J-
integral with the J-R curve at a flaw extension of 0.10 in. Flaw stability is
assessed by examining the sfopes of the applied J-integral and J-R curves at the
points of Intersection.

(3)  Verify that the extent of stable flaw extension is no greater than 75% of the

vessel wall thickness by determining when the applied J-ntegral curve intersects
the mean J-R curve.

4-1 A

AREVA
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Verify that the remaining ligament is not subject to tensile instability. The intemnal
pressure p shall be less than £, where P, is the intemal pressure at tensile
instability of the remaining ligament. Equations for P, are given below for the
axial and circumferential flaws [14]. These equations first appear in the 2001

Edition of the ASME Section XI code that Is cited.

{a) For an axial fiaw,

P,=1.076°[ 1-1A,/4 ]

R, /t)+(A./A
where
6y =t t0%
A=t{t+t)
ral
A=
and

£ = surface length of crack, six times the depth, @
Rn» = mean radius of vessel!

This equation for P, includes the effect of pressure on the flaw face.
(b) For a circumferential flaw,

o [ 1-tasa)
Fi=107 °[(R,'/(2Rmt))+ (Ac/A)}

where oo, A, and A, are given by equations 2, 3 and 4, respectively.

[ean. 1}

{egn. 2]
{eqn. 3]

[eqn. 4]

feqn. 5)

This equation for P, includes the effect of pressure on the flaw face. This
equation is valid for intemal pressures not exceeding the pressure at tensile
instability caused by the applied hoop stress acting over the nominal wall
thickness of the vessel. This validity limit on pressure for the circumferential flaw

equation for P is

P, s1.o7c°[RL]
()

Page 17 of 44
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4.3 Temperature Range for Upper-Shelf Fracture Toughness Evaluations

Upper-shelf fracture toughness is determined through use of Charpy V-notch impact energy
versus temperature plots by noting the temperature above which the Charpy energy remains on
a plateau, maintaining a relatively high constant energy level. Similarly, fracture toughness can
be addressed in three different regions on the temperature scale, i.e. a lower-shell toughness
region, & transition region, and an upper-shelf toughness region. Fracture loughness of reactor
vessel steel and associated weld melals are conservatively predicted by the ASME initiation
toughness curve, K, in the lower-shelf and transition regions. In the upper-shelf region, the
upper-shelf toughness curve, K, is derived from the upper-shelf J-ntegral resistance model
described in Section 3.1. The upper-shelf toughness then becomes a function of fluence,
copper content, temperature, and fracture specimen size. When upper-shelf toughness is
plotted versus temperature, a plateau-fike curve develops that decreases slightly with
increasing temperature. Since the present analysis addresses the low upper-shelf toughness
issue, only the upper-shelf temperature range, which begins at the intersection of K, and the
upper-shelf toughness curves, K, Is considered.

44  Effect of Cladding Material

The PCRIT code utilized in the flaw evaluations for Levels C and D Service Loadings does not
consider stresses In the cladding when calculating stress intensity factors for thermat loads. To
account for this cladding effect, an additional stress intensily factor, Kca, is calculated
separately and added to the total stress intensity factor computed by PCRIT.

The contribution of cladding stresses to stress intensity factor was examined previously [2]. In
this low upper-shelf toughness analysls performed for B&W Owners Group Reactor Vessel
Working Group plants, the Zion-1 WF-70 weld using thermal foads from the Turkey Point SLB
was determined to be the bounding case. The Zion-1 vessel was as thick as or thicker than any
other vessel. The thicknesses of the reactor vessels for the both Point Beach units are 6.5"
whereas the Zion vessel is 8.44". The nominal cladding thickness Is 3/16" for both vessels.
From a thermal stress perspective, it Is conservative to consider the thicker vessel. For the
Zion vessel, the maximum value of K0, at any time during the transient and for any flaw depth,
was determined to be £.0 ksiin. This bounding value is therefore used as the stress Intensity
factor for Kiuse In this Point Beach low upper-shelf toughness analysis.

4-3 A

AREVA
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50 Applied Loads

The Levels A and B Service Loadings required by Appendix K are an accumulation pressure
{(intemal pressure load) and a cooldown rate {thermal Joad). Since Levels C and D Service
Loadings are not specified by the Code, Levels C and D pressurized thermal shock events are
reviewed and a worst case transient Is selected for use in flaw evaluations.

5.1  Levels A and B Service Loadings

Per paragraph K-1300 of Appendix K [4], the accumulation pressure used for flaw evaluations
should not exceed 1.1 times the design pressure. Using 2.5 ksi as the design pressure, the
accumulation pressure is 2.75 ksi. The cooldown rate is also taken to be the maximum
required by Appendix K, 100°F/hour.

5.2 Levels Cand D Service Loadings

As discussed in Section 4.2, the SLB and LOCA transients are evaluated using the computer

code PCRIT. Pressure and temperature time histories for the two translents considered are
shown in Figure 5-1.

AREVA
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Figure 5-1 Leve! D transients — Reactor Coolant Temperature and Pressure vs. Time

52 A
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6.0  Evaluation for Levels A and B Service Loadings

The material mean and lower bounding J-R values for Evaluation Conditions 1, 2 and 3 detailed
in Table 2-1 are given in Tables 6-1 through 6-3, respectively. Initial fiaw depths equal to '/, of
the vesse! wall thickness are analyzed for Levels A and B Service Loadings following the
procedure outlined in Section 4.1 and evaluated for acceptance based on values for the J-
integral resistance of the malerials from Section 3.3. The results of the evaluation are
presented in Table 6-4 through 6-6, where it is seen that the minimum ratio of material J-
integral resistance (Jy.1) to applied J-integral (J;) Is 1.87 for the SA-847 axia! weld for Evaluation
Condition 1, uprated power conditions without hafnium power suppression assemblies. This
ratio Is higher than the minimum acceptable value of 1.0. Also included in Table 64 through 6-
€ is the applied Jintegra! at (Jy.1) with a safety factor on pressure of 1.25.

The flaw evaluation for the controlling weld (SA-847) and controlling Evaluation Condition (1) is
repeated by calculating applied J-ntegrals for various amounts of flaw exiension with safety
factors {on pressure) of 1.15 and 1.25. The results, along with mean and lower bound J-R
curves, are plotted in Figure 6-1. The requirement for ductile and stable crack growth is also
demonstrated by Figure 6-1 since the slope of the applied J-integral curve for a safety factor of
1.25 is considerably less than the slope of the lower bound J-R curve at the point where the two
curves Intersect.

6-1 A
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Table 6-1 Material J-Integral Resistance for Levels A and B Service Loadings — Evaluation
Condition 1 - Uprated Power Conditions Without Hafnlum Assemblies

J-Rataa=0.1n.
Cold Controlling Weld Fluence Lower
Plant Leg | Material Weld Cu x 10" Mean Bound
Termp. D Orientation  Content (nfem’) at -25e
(*F) (Wi%) atls. att4 | (/in) (ib/fin)
PB-1 5414 | SA-847 L 0.23 3370 2228| 885 618
PB-1 5414 | SA-110t c 0.23 4910 3245| 870 608
PB-2 5414 | SA-1484 c 0.26 5080 3364| 828 678

Table 6-2 Materia! Jntegral Resistance for Levels A and B Service Loadings — Evaluation
Condition 2 —~ Current Power Condilions Without Hafnium Assemblies

JRataa=01in.
Cold Controlling Weld Fluence Lower
Plant Lteg | Material Weld Cu x 10" Mean Bound
Temp. D Orientation  Content (vem?) at -2Se
CF) (w%) | etls. etva| (ban)  (bin)
PB-1 6445 | SA-847 L 0.23 3115 2059 885 618
PB-1 5445 | SA-1101 C 0.23 45.20 2088 | 870 608
PB-2 544.5 | SA-1484 Cc 0.26 4645 3070 | 827 578

Table 6-3 Material JIntegral Resistance for Levels A and B Service Loadings — Evaluation

Condition 3 - Current Power Conditions With Hafnlum Assemblies

J-ReatAa=0.1in.
Cald Controfling Weld Fluence Lower

Plant Leg | Material Weld Cu x 10" Mean  Bound

Temp. D Orientation  Content (nfem®) at -2Se

°F) wt%e) | oliS.  ativd | (bvin) (Ibfin)

PB-1 5445 | SA-847 L 0.23 2665 1762} 891 623

PB-1 5445 | 5A-1101 c 0.23 3820 2525} 877 613

PB-2 5445 | SA-1484 c 0.26 3785 2502 836 585

6-2
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Table 6-4 Flaw Evaluation for Levels A and B Service Loadings — Evaluation Condition 1 -
Uprated Power Conditions Without Hafnium Assemblies

Lower Bounding SF=1.15 SF=125
Plant Weld Weld Joyattd 4 Jo.a My 4y Jo.s s
Number | Orientation (b/in) (ibfin) {Ib/in)
PB-1 SA-847 L 618 331 1.87 388 1.59
PB-1 SA-1101 C 608 88 6.20 113 538
PB-2 SA-1484 ] 578 104 556 119 488

Table 6-5 Flaw Evaluation for Levels A and B Service Loadings ~ Evaluation Condition 2 -
Current Power Conditions Without Hafnium Assemblies

Lower Bounding SF=1.15 SF=125
Plant Weld Weld Joyat t/4 Jy Jo.a Ny Js Jo.a /g
Number | Orlemtation (Ibfin) (Ibfin) (Ibfin)
PB-1 SA-847 L €18 331 187 388 1.58
PB-1 SA-1101 C €08 98 6.20 113 5.38
PB-2 SA-1484 C &§78 104 558 118 486

Table 6-6 Flaw Evaluation for Leve!s A and B Service Loadings — Evaluation Condition 3 ~-

Curren{ Power Conditions With Hafnium Assemblies

Lower Bounding SF=1.15 SF=125
Plant Weld Weld Joq 8t 4 J, Jo.1 My g Joy 14
Number | Orientation (b/in) (Ibfin) (ibfin)
PB-1 | SA-847 L 623 331 1.88 388 1.61
PB-1 | SA-1101 c 613 88 6.26 113 542
PB-2 | SA-1484 [ 585 104 5.63 119 492
63
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Figure 6-1 J-Integral vs. Flaw Extension for Levels A & B Service Loadings - Evaluation
Condition 1 - Uprated Power Conditiong Without Hafnium Assemblies - Weld SA-847
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7.0  Evaluation for Levels C and D Service Loadings

A flaw depth of ", of the base metal wall thickness, plus the cladding thickness, s used to
evaluate the Level D Service Loadings. The stress infensity factor K, calculated by the PCRIT
code Is the sum of thermal, residuat stress, deadweight, and pressure terms. PCRIT is run for
each Level D transient. RTyor Is also caleulated by PCRIT. Transition region toughness is
obtained from the ASME Section XI equation for crack Initiation [15]).

Kic = 33.2 + 2.806 exp[0.02(T — RTupr+ 100°F)] [eqn. 7]
where:

transition region toughness, ksivin
crack tip temperature, °F

K
T

Upper-shelf toughness is derived from the Jintegral resistance model of Section 3.1 for a flaw
depth of /4, of the wall thickness, a crack extension of 0.10 in., and fiuence, as follows:

JosE

Ke = f100001-v7) fean. &

where

Ki = upper-shelf region toughness, ksivin
Jo1 = J-integral resistance at Aa = 0.1 in.

Figure 7-1 through 7-3 shows the variation of applied stress intensity factor, K, transition range
toughness, K., and upper-shelf toughness, K, with temperature for the Evaluation Condition 1
described in Table 2-1 for the three welds. The markers on the K, curve indicate points in time
at which PCRIT solutions are avallable. For all the three welds that were analyzed, the LOCA
transient is limiting since it most closely approaches the K limit of each weld. All subsequent
analysis will pertain to this transient. In the upper-shelf toughness range, the K, curve is closest
to the lower bound K. curve at a parficular time paint into the transient for each weld, as listed
below:

SA-847 240
SA-1011 1.50
SA-1484 1.30

For each weld, the time specified above is selected as the dritical time in the transient at which
to perform the flaw evaluation for Leve! D Service Loadings.
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Figure 7-1 K, vs. Crack Tip Temperature for Evaluation Condition 1 - SA-847
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Figure 7-2 K, vs. Crack Tip Temperature for Evaluation Condition 1 - SA-1101
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Figure 7-3 K, vs. Crack Tip Temperature for Evaluation Condition 1 - SA-1484
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Applied JHintegrals for the LOCA transient are calculated for each weld at the critical ime points
identified above for various flaw depths in Table 7-1, 7-2, and 7-3 using stress intensity factors
from PCRIT and adding .0 ksi¥in to account for cladding effects. Stress intensity factors are
converted to J-integrals by the plain strain relationship,

Ko (8)

Jsomioa(8) = 1000 (1-v?) [egn. §)

Tables 7-1, 7-2, and 7-3 lists flaw extensions vs. applied JHntegrals, As the Point Beach
vessels are 6.5 in. thick, the Initial flaw depih of Yy of the wall thickness is 0.65 in. Flaw
extension from this flaw depth is calculated by subtracting 0.65 in. from the builtdn PCRIT flaw
depths in the base metal. The results, along with mean J-R curve, are plotted in Figure 7-4.
This figure indicates that Weld SA-847 Is limiting as the ratio of the applied JIntegral to the
material J-R curve is less than the other two welds. Figure 7-5 is a plot of the applied J
integrals and the mean J-R curves for the three Evaluation Conditlons from Table 2-1 for Weld
SA-847. Evaluation Condition 1, uprated power conditions without hafhium power suppression
assemblies, is the imiting case as the ratio of the mean J-R curves to applied JFintegrals Is the
minimum of the three Evaluation Conditions. The requirements for ductile and stable crack
growth are demonstrated by Figure 7-6 since the slopes of the applied J-integral curves are
considerably less than the slopes mean J-R curves at the points of infersection. The Level D
Service Loading requirement that the extent of stable flaw extension be no greater than 75% of
the vessel wall thickness Is easlly satisfied since the applied Jntegral curves intersects the
mean J-R curves at flaw extensions that are only a small fraction of the wall thickness (less
than 1%).

The last requirement is that the internal pressure p shall be less than P, the intemal pressure at
tensile instability of the remaining ligament. Table 7-4 gives the results of the calculations for P,

for flaw depths up to 1.355 inches for Evaluation Condition 1. As the internal pressure p is less
than P, the remaining ligament is not subject to tensile instability.

7-5 A
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Table 7-1 JFintegral vs. Flaw Exiension for Evaluation Condition 1 - SA-847

Time = 2.40 min E= 267516 ksl
Crack tip al 10 t= 65 i v= 0.3
(a”lt)’40 a’. As Temp. Kigem Kictad Kebm JW
(in.) (in.) {F) {Ib/in)
1 0.1626 24840 62.08 80 a4 172
2 0.3250 27480 8365 9.0 927 292
3 0.4875 302.10 9464 9.0 103.6 365
4 0.6500 0.0000 32800 10097 90 110.0 411
5 0.8125 0.1625 352,70 10424 8.0 113.2 436
6 0.9780 0.3250 37590 10582 9.0 1148 448
7 1.1375 0.4875 397.70 106.12 8.0 1151 451
8 1.3000 06500 41780 105.76 8.0 114.8 448
L] 1.4625 08125 43650 104.85 2.0 1139 441
10 1.6250 09750 45360 103.22 8.0 1122 428
12 1.8500 13000 48310 98.74 8.0 107.7 385
14 2.2750 16250 50700 9305 8.0 102.1 354
16 2.6000 18500 52580 83.28 9.0 973 322
18 2.9250 22760 54010 8287 9.0 219 287
20 3.2500 26000 85070 T7.27 2.0 8563 253
22 3.5750 2.9250 55840 771 2.0 80.7 222
24 3.8000 32500 66380 6653 9.0 755 194
26 42250 35750 56760 6181 8.0 70.8 17
28 4.5500 38000 67000 §720 80 66.2 149
30 4.8750 42250 57160 5258 8.0 61.6 12¢
32 5.2000 45500 57260 48.13 .0 57.1 111
Note: @ Is the fizw depth in the base metal
"8 A
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Table 7-2 J-Integral vs. Flaw Extension for Evaluation Condition 1 - SA-1101

Time = 1.50 min E= 267516 ksi
Crack tip at /10 t=_ 65 In v= 0.3

(8" )40 a” Aa Temp. Kum  Kesg Koo Jup
(in.) {in.) (F) (bfin)

1 0.1625 28080 6965 90 €87 160

2 0.3250 31480 7857 80 876 261

3 0.4875 34570 8665 90 957 311

4 06500 0.0000 37636 9022 90 992 335

5 08125  0.1625 40360 6126 90 1003 342

6 09750 03250 42840 €074 90 897 338

7 11375 04875 45060 8906 90 981 827

8 13000 06500 47060 6671 980 957 312

9 14625 08125 48300 8365 90 927 292

10 16250 09750 50310 8042 90 894 2712

12 19500 13000 52720 7288 80 820 229

14 22750 16250 54430 65.06 8.0 744 187
1€ 26000 18500 55580 57.27 9.0 66.3 149
18 28250 22750 56340 49.24 8.0 58.2 115
20 32500 26000 58810 41.31 8.0 50.3 88
22 3.5750 28250 57080 34.09 8.0 43.1 63
28 3.5000 32500 67240 2747 2.0 365 45
26 42250 35750 57330 2194 8.0 30.9 33
28 4.6500 39000 57370 1783 8.0 26.6 24
30 4.8750 42250 57380 14.36 9.0 234 19
32 5.2000 45500 57400 11.59 8.0 206 14

Note: a  is the flaw depth in the base metal

7-7 A
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Table 7-3 J-integral vs. Flaw Extension for Evaluation Condition 1 - SA-1484

Time = 1.30 min E= 254509 ksi
Crack tip at Y10 te 65  in. vs 03
(2" 40 > A2 Temp. Koun K  Kuow duso
(in.) {in.) {F) (bfin)
1 0.1625 20260 5118 80 602 129
2 0.3250 32830 6716 80 762 207
3 0.4875 361680 7387 60 830 248
4 06500 00000 39210 7691 90 859 264
5 08125 0.1625 41880 77.72 90 867 268
6 09750 03250 44470 7716 90 862 265
7 11375 04875 46660 7553 9.0 846 256
8 13000 06500 48580 7343 90 824 243
9 14625 08125 50250 7067 80  79.7 227
10 16250 QU750 61640 6771 90 767 210
12 19500 13000 63810 6107 90 709 175
14 22750 16250 55260 85404 60 630 142
16 26000 19500 56180 4718 90  56.2 118
18 28250 22750 56740 4021 90 492 87
20 32500 26000 57060 3342 Q0 424 64
2 35750 29250 57240 2738 80 364 47
24 38000 32500 57330 2169 80 310 34
26 42250 35750 57380 1769 90 267 25
28 45500 38000 57400 1453 80 235 20
30 48750 42250 67400 1234 90 213 16
32 52000 45500 57440 1058 90 196 14

Note: &  Is the fiaw depth in the base metal

7-8
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Table 7-4 Leve! D Service Loadings - Intemnal Pressure at Tensile Instability - SA-847

flaw depth & (in.) Fi (ksi)
0.0650 £.18
0.1300 9.16
0.1950 8.14
0.2600 8.12
0.3250 8.09
0.3800 2.06
0.4550 8.02
0.5200 8.98
0.6850 8.93
0.6500 8.68
0.7150 8.84
0.7800 8.78
0.8450 8.73
06100 8.68
0.750 8.82
1.0400 8.56
1.1050 8.51
1.1700 8.45
1.2350 8.39
1.3000 8.32
1.3650 8.26

7-9 | A
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Figure 7-4, JIntegral vs. Flaw Extension - Alf Welds
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Figure 7-5. J-Integral vs. Flaw Extension — Weld SA-847
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8.0 Summary of Results

A low upper-shelf toughness fracture mechanics analysis has been performed to evaluate the
reactor vessel welds at Point Beach Units 1 and 2 for projected low upper-shelf energy levels at
53 EFPY, considering Levels A, B, C, and D Service Loadings of the ASME Code.

Evidence that the ASME Code, Section XI, Appendix K {4] acceptance criteria have been
satisfied for Levels A and B Service Loadings is provided by the following:

0]

2

The limiting weld is the SA-B47 axial weld of Point Beach Unit 1 in the uprated
power condition without hafnium power suppression assemblies. Figure 6-1
shows that with factors of safety of 1.15 on pressure and 1.0 on thermat toading,
the applied J-integra! (/) is less than the Jntegral of the material at a ductile
flaw extension of 0.10 In. {J4). The ratio JMIJ, = 1.87 which is significantly
greater than the required value of 1.0.

Figure 6-1 shows that with m factor of safety of 1.25 on pressure and 1.0 on
thermal loading, fiaw extensions are ductile and stable since the slope of the
applied J-integral curve is less than the slope of the lower bound J-R curve at the
point where the two curves intersect.

Evidence that the ASME Code, Section X, Appendix K [4) acceptance criteria have been
satisfied for Leve! D Service Loadings is provided by the following:

(1

3)

Figure 7-5 shows that with a factor of safety of 1.0 on loading, flaw extensions
are ductile and stable since the slope of the applied J-integral curve is less than
the slopes of both the lower bound and mean J-R curves at the points of
intersection.

Figure 7-5 shows that the flaw remains stable at much less than 75% of the

vessel wall thickness. It has also been shown that the remaining ligament is
sufficient to preclude tensile instabliity by a large margin.

8-1 A
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9.0 Conclusion

The limiling Point Beach Units 1 and 2 reaclor vessel beltline weld (axial weld SA-847 of Unil 1)
salisfies the acceptance criteria of Appendix K to Section X1 of the ASME Code [4] for projected
low upper-shelf Charpy impact energy levels at 53 effective full power years of plant operation
for the three conditions evaluated: uprated powsr conditions {1678 MW?1) without halnium power
suppression assemblies, cument power conditions (1540 MWt) without hafnium power
suppression assemblies, and current power conditions (1540 MWt) with hafnium power
suppression assemblies.

91 A
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11.0 Cerlfication

This report is an accurate description of the low upper-shelf toughness fracture mechanics
analysis performed for the reactor vessels at Point Beach.

M\ Flacfed

H. P. Gunawardane, Engineer Il Date
Materials and Structura! Analysis Unit

This report has been reviewed and found to be an accurale description of the low upper-shelf
toughness fraclure mechanics analysis performed for the reactor vessels at Point Beach.

A T 1f2tfox

A. D. Nana, pal Engineer Date
Materials and Structural Analysis Unit
Verification of independent review. 2
. 7/Z}_/2~)’
A. D. McKim, Manager Date

Materials and Structurat Analysis Unit

This report is approved for release.
R Rl Yty
- E. Austin, Project Development Manager  Date
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120 Appendix A
The following pages contain input information from Nuclear Management Company.
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Committad to Neclear Excaliance ) Point Beach Nuclear Plant
Operated by Nuclsar Managemant Company, LLC

NPL 2004-0139
Junc 29, 2004

Heshan Gunawardane

AREVA / Framatome ANP, Inc.
MS OF50

3315 Old Forest Road
Lynchburg, VA 24501

Heshan;
This correspondence will serve to formally document the requested inputs for the PBNP Units 1 and 2

RPV Equivalent Margins Assessment that is being performed in accordance with AREVA Proposal
~ FANP-04-1067, April 2, 2004.

Avpplicable ASME Section XI Code

The PBNP ISI Program is in the fourth ten-year interval, which began on July 1, 2002 for both PBNP-1
and PBENP-2, The program is in accordance with the 1998 edition through 2000 addenda (98A00) of
ASME Section XI Code as modified by 10 CFR 50.552 and approved relief requests and code cases.
(Reference 1) )

Fluence Projections

For the case of full uprated power condition (1678 MW1), without hafnium absorber assemblies, for
EOLE (53 EFPY) usc the older calculated fluence projections contained in Section 2 of Reference 2.
This is requested for input consistency with the remaining RV embritilement analyses.

For the cases of mini uprated power condition (1540 MW?1), with and without hafnium absorber
assemblics, for EOLE (53 EFPY) use the revised calculated fluence projections contained in Section 2
of Reference 3.

8590 Nuclear Road * Two Rivars, Wisconsin 54241
Telephone. 920.755.2321 A
12-2 AREVA
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NPL 2004-0139
June 29, 2004

Page 2

Normal Heatup and Cooldown Rates

The PBNP RCS heatup and cooldown rates for normal operation are 100 degrees Fahrenheit per hour for
both beatups and cooldowns. (Reference 4)

Predicted Operating Temperatures

The analyses for current licensed rated power conditions (1540 MW?) include a range of full load
T(avg)'s from 558.1 to $74 degrees Fahrenheit. The resulting T(hot) and T(cold) ranges are 588.1 to
603.5, and 528 10 544.5 degrees Fahrenheit, respectively (Reference 5). PBNP currently uses a T(avg)
program of 547 to 570 degrees Fahrenheit (no load to full load) (Reference 6), resulting in a T(hot) and
T(cold) of approximately 597 and 542 degrees Fahrenheit, respectively (Reference 7).

The analyses for the 10.5 percent uprated power condition (1678 MWt) include a range of T(avg) from
558.6 to 573.4 degrees Fahrenheit. The resulting T¢hot) and T{(cold) ranges are 591.2 to 605.5, and 526
to 541.4 degrees Fahrenheit, respectively (Reference 8).

ient tion

The original component transients arc defined in each RPV design specification (References 9 and 10
for Units 1 and 2, respectively). A revised set of component design transients was generated to support
steam generator replacement, a partial power uprate (8.7 percent), and license renewal (Reference 11).
The RPV transients were evaluated and characterized for the partial power uprated condition in
Reference 12, The RPV transients were further evaluated and characterized for full uprated conditions in

Reference 13.

In addition, Chapter 14 of the PBNP FSAR (Refercnce 14) has been provided via previous
correspondence. Chapter 14 contains the PBNP safety analysis summaries. These transients should be
reviewed for bounding conditions with respect to the component design transients.

lc AS Section I and ITT Code

ASME Boiler and Pressure Vessel Code, Section I, 1989, no Addenda.

ASME Boiler and Pressure Vessel Code, Section ITl, 1989, no Addenda.
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James E. Knorr
Manager of License Renewal PENP
Nuclear Management Company
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Notes:

References 1, 4, S, 6, 7, 8, and 14 document the sources of the information.

References 2, 3,9, 10, 11, 12, and 13 are enclosed.

References 9, 10, 11, 12, and 13 are Westinghouse Proprietary and shall be treated in accordance with

the associated Westinghouse Proprictary Agreement established between AREV A/Framatome-ANP,
NMC, and Westinghouse in June 2004,
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