Entergy Operations Inc Appendix C; Attachment 2 Engineering Report

Central Engineering Programs Page 1 of 11 M-EP-2004-001-00

Primary Water Stress Corrosion Crack Growth Analysis - OD Surface Flaw

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. Gray

References :
1) "Stress Intensity factors for Part-through Surface Cracks"; NASA TM-11707; July 1992.
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Arkansas Nuclear One Unit 1

Component : Reactor Vessel CRDM -"0" Degree Nozzle, "All" Azimuth

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "R /t" -- between 1.0 and 300.0

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1. OD Surface Flaw
The correction is applied in the determination of the crack extension to
obtain the value in inch/hr .

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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The regions highlighted below remain constant for ANO-1 analysis and should not be changed
Input Data :-

od id t .
Ro = —~ Rid = ~ t:= Ro - Rid Rm = Rid + - Tlmopr = Years:365-24
Tim Iy R
_ 5 . opr lim b . o
Cthr = 1.417-10 Cblk = —I—— Pmtblk R— CO = —2' Rt = T
lim
1.103-107 3 | T+45967 T 459.67
CO] = e ref " ) "0l Temperature Correction for Coefficient Alpha
CO = COl 75 th percentile MRP-55 Revision 1
Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Stress Input Data

AllData :=

0 -30.99 -30.92 -31.72 -35.43 -35.97

0.44 -2.37 -4.15 -6.02 -7.41 -9

0.79 27.86 23.57 19.7 18 12.78

1.08 42.8 38.7 32.04 24.15 156.99

1.3 47.38 40.95 35.62 31.78 29.73

1.48 48.17 40.84 37.03 40.9 48.51

1.63 43.48 39.76 38.46 47.75 56

1.79 35.07 3543 38.78 48.73 61.47

1.96 257 30.81 38.83 51.73 66.52

212 19.18 2711 38.58 52.69 65.89

AXLen := AllData"” ID ) = AllData"" 0D, = AllData'”

RefPoint = 0.589

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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0 —30.99 —30.92 —31.719 —35.433 —35.967\
0.441 -237 —4.15 -—6.024 —7.411 —9.003
0.793 27.862 23.567 19.705 17.995 12.782
1.076 42.802 38.705 32.039 24.149  15.988
Data := | 1.303 47376 40.949 35.624 31.779  29.726

1.484 48.173 40.841 37.026  40.902  48.506
1.629 43.475 39.757 38.459 47.748 55999
1.794 35.074 35.427 38.776  48.731 61.472
1.959 25.697 30.809 38.834 51.732  66.515 )

Axl = Data<0> MD := Data<3> ID = Data<1> TQ = Data<4> QT = Data<2> OD = Data<5>
Ryp = regress(Axl,ID,3) RQT := regress(Axl,QT,3)
Rop = regress(Axl, 0D, 3)
Ryp = regress(AxI,MD,3) RTQ = regress(Axl1, TQ,3)
FLCptr = Refpoint —¢q if Val =1 Flaw center Location Location above Nozzle Bottom
Refpgin if Val =2
Refpgint + ¢ otherwise
L:31; st — U
' Strs.Dist Tip
Urip = FLcnr + 0 Incgyrs ave = 20

Developed by:

Verified by:
J. 8. Brihmadesam

B. C. Gray
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Sat Aug 09 10:21:18 AM 2003
Developed by: Verified by:

J. §. Bnhmadesam B. C. Gray
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PmpLength = 0.865

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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CORsambiy, , = CORsambiy, ) = CORsambi , =
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
0.621 0.162 0.589
Developed by: Verified by:

J. S. Bnhmadesam B. C. Gray
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Developed by: Verified by:

J. S. Brihmadesam B. C. Gray
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Stress Corrosion Crack Growth Analysis Through-wall flaw

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. Gray

Note : Only for use when R, .,/ is between 2.0 and 5.0 (Thick-wall Cylinder)
References :

1) ASME PVP paper PVP-350, Page 143; 1997 {Fracture Mechanics Model}
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Arkansas Nuclear One Unit 1

Component : Reactor Vessel CRDM -"0"degree Nozzle, "All" Azimuths

Calculation Reference: MRP 75 th Percentile and Flaw Pressurized

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1.
The correction is applied in the determination of the crack extension to Th roug h Wall
obtain the value in inch/hr . Axial Flaw

BZ = UL gy Dist — FSids ducs cheat Location of Blind Zone above nozzle bottom (inch)

Developed by: Verified by:
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Input Data :-

L:=025 Initial Crack Length TW axial Based on Stress Distribution. Bottom end of Crack
to be set @ approximately 10ksi.

I: —Qg [ 1 1 \}
-3 | T+459.67 T,o+459.67

1.103-1 £+ .

Co=¢ B 1o - )-aoc Timgpy := Years:365-24

od id t
Ryi= — Riji=— t:= Ry — Rj Runi=Rj+— CFinhr = 1.417 105
2 2 2
Timy, I
Cplk = = Prntpi == - 1= -
llim 50 2
Developed by: Verified by:
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Engineering Report

M-EP-2004-001-00

Stress Distribution in the tube. The outside surface is the reference surface for all analysis in accordance with the reference.

Datap | ==
0 1 2 3 4 5
0 0 -30.99 30,92 31.72 35.43 -35.97
1 0.44 257 415 6.02 7.41 9
% 0.79 27.86 23.57 19.7 18 12.78
3 108 428 38.7 32.04 24.15 15.99
4 13 47.38 40.95 35.62 31.78 29.73
5 148 4817 40.84 37.03 40.9 48.51
6 163 43.48 39.76 38.46 47.75 56
7 179 35.07 35.43 38.78 48.73 61.47
8 1.96 25.7 30.81 38.83 51.73 66.52
9 2.12 19.18 2711 38.58 52.69 65.89
Al s Dot ” AIID = Datagy AIIOD = Datazg”

Developed by:

Verified by:

-
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Engineering Report
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100

W ~
< W

Stress [ksi]
(3]
W

0.589

0.2 0.4 0.6

— ID Distribution

....... OD distribution

0.8

1

1.2
Axial Distance above Bottom [inch]

1.4

1.6 1.8 2 2.2

BZ = 0.589

Data :=

Axl:= Data<0>

Rip := regress(Axl, ID, 3)

0.441
0.793
1.076
1.303
1.484
1.629
1.794
1.959
2.124

-30.99
—2.37
27.862
42.802
47.376
48.173
43.475
35.074
25.697
19.183

(n

ID := Data

-30.92
—4.15
23.567
38.705
40.949
40.841
39:757
35.427
30.809
27.111

—31.719
—6.024
19.705
32.039
35.624
37.026
38.459
38.776
38.834
38.578

-35.433

-7.411
17.995
24.149
31.779
40.902
47.748
48.731
51.732
52.687

OD := Data

-35.967")
-9.003
12.782
15.988
29.726
48.506
55.999
61.472
66.515

65.89 )

(s

Rop := regress(Axl, 0D, 3)

Developed by:

Verified by:
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FLcpyr:= BZ - | Flaw Center above Nozzle Bottom

ULsrs.Dist — BZ

Incsirsavg == 20

NolUserginpatiretuiredbevondjthisiBoint

&) Sat Aug 09 11:44:49 AM 2003

Developed by: Verified by:
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Engineering Report
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pmchngth = 1.04

Flaw Length vs. Time
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Developed by: Verified by:
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Developed by: Verified by:
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TWCpw S 6 = TWCp\\‘scc(j n = TWCp\\'sccU. 8) =
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692
-5.109 3.575 -0.692

Developed by: Verified by:
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Engineering Report
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Hoop Stress Plot
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Developed by:

Verified by:
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Growth In Length {inch}

-0.5 T T T T T
0.0 0.5 1.0 1.5 2.0
Operating Time ({years})

Developed by: Verified by:
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Primary Water Stress Corrosion Crack Growth Analysis ID flaw;
Developed by Central Engineering Programs, Entergy Operations Inc.

Developed by: J. S. Brihmadesam Verified by: B. C. Gray

References :
1) "Stress Intensity factors for Part-through Surface Cracks"; NASA TM-11707; July 1992.
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Arkansas Nuclear One Unit 1

Component : Reactor Vessel CRDM -"18.2" Degree Nozzle, "Downhill" Azimuth

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized
Mean Radius -to- Thickness Ratio:- "let" -- between 1.0 and 300.0

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1.
The correction is applied in the determination of the crack extension to ID S u rface Flaw
obtain the value in inch/hr .

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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od i t .
RO = 7 Rld = — t = RO - Rld Rm = Rld + - Tlmopr = Years-365-24
Tim Iy; R
- 5 opr _ |’hm _m
CFlIlhI' = 1.417-10 Cblk = . Pmtblk = W CO = —2' Rt = T
lim
[ -Q ( I R
1.103-1073 | T+459.67 T 459.67
COl = ¢ ref™ } 0o Temperature Correction for Coefficient Alpha
CO = COI 75 th percentile MRP-55 Revision 1
Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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AllData =

AXLen := AllData"” D = AllData” 0D, | = AllData™

RefPoint = 1.282

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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0 —32.98 —=29.552 —27.619 —25.631 —23.659\
0.463 4.418 1.431  —2.622 —5982 —7.485

0.834 23.603 20.133 17.472 13.58 8.558
1.131 39381 33.757 28.588 23.549 16.901

Data :=
1.369 41.077 35.596 32.564  29.095 28.069
1.56 35.472 35.035 34.721 41.389 51.476
1.712 25309 30935 36.756 48.633 57.324
1.854 18476 26.759 37.578 49.667 67.274 )
Axl 5= Diatg MD := Data  ID := Data" TQ := Datd® QT := Datd®  OD := Data®
Rip = regress(Axl,ID,3) RQT = regress(Axl, QT,3)

Rop = regress(Axl, 0D, 3)
RMD = regress(Axl,MD, 3) RTQ = regress(Axl, TQ,3)

Developed by:

Verified by:
J. S. Brihmadesam

B. C. Gray
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Central Enginecring Programs

FLCmr = Rcfpoim—co if Val=1
Rchoint if Val=2

Rchoim +¢g otherwise

Urip = Flcpee + Co

Page S5of 11

NojUserdinpUtiisirequiredibeyondihisiRoint:

M-EP-2004-001-00

Flaw center Location above Nozzle Bottom

) ULg1rs.Dist ~ UTip
InCSlrS.ﬂVg = 20

Sat Aug 09 10:59:39 AM 2003

PmpLength = 0.255

Developed by:
J. S. Brihmadesam

Verified by:
B. C. Gray
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Central Engineering Programs

Flaw Growth in Depth Direction
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Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray

CGo



Entergy Operations Inc. Appendix C; Attachment 4 Engineering Report
Central Engineering Programs Page 8 of 11 M-EP-2004-001-00

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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CGRsambi(kyx) = CGRsambi(k’ﬁ) = CGRsambi(k’s) =

1.02 19.218 16.187

1.019 19.196 16.21

1.019 19.198 16.211

1.019 19.2 16.212

1.019 19.202 16.213

1.019 19.205 16.214

1.019 19.207 16.215

1.019 19.209 16.216

1.018 19.211 16.217

1.018 19.213 16.218

1.018 19.215 16.219

1.018 19.217 16.22

1.018 19.219 16.221

1.018 19.221 16.222

1.018 19.223 16.223

1.017 19,225 16.224
Developed by: Verified by:

J. S. Brihmadesam 8. C. Gray
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Top of Bind Zone
2 %0
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5
<
=04
E
]
3
S
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/______———'—"
00 T T T
00 05 1.0 15 20
Operating Time {years}
Developed by:

J. S. Brihmadesam

Engineering Report
M-EP-2004-001-00

Verified by:
B. C. Gray
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J. S. Brihmadesam
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Verified by:
B. C. Gray
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Primary Water Stress Corrosion Crack Growth Analysis - OD Surface Flaw

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. 6ray

References :
1) "Stress Intensity factors for Part-through Surface Cracks"; NASA TM-11707; July 1992.
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Arkansas Nuclear One Unit 1

Component : Reactor Vessel CRDM -"18.2" Degree Nozzle, "Downhill" Azimuth

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "R /t" -- between 1.0 and 300.0

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1. OD Surface Flaw
The correction is applied in the determination of the crack extension to
obtain the value in inch/hr .

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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The regions highlighted below remain constant for ANO-1 analysis and should not be changed
Input Data :-

od id t .
R, = - Ryg= - =Ry— Rid Rm = Rijg+ r Tlmopr := Years-365-24
Tim Iy; R
opr lim L m
CFinhr = 1.417'105 Cb]k = ——E— Pmtblk —_— CO = — Rt = —
liim - : !
{ -Q ( | 15
1.103-1073 | T+459.67 T 459.67
COI =€ ref” ) "0 Temperature Correction for Coefficient Alpha
CO = CO] 75 t percentile MRP-55 Revision 1
Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Stress Input Data

AllData :=

0 -32.98 -29.55 -27.62 -25.63 -23.66
0.46 4.42 1.43 -2.62 -5.98 -7.49
0.83 236 20.13 17.47 13.58 8.56
1.13 39.38 33.76 28.59 23.55 16.9
1.37 41.08 35.6 32.56 29.09 28.07
1.56 35.47 35.03 34.72 41.39 51.48
1.71 25.31 30.93 36.76 48.63 57.32
1.85 18.48 26.76 37.58 49.67 67.27

2 15.18 24.43 37.51 53.17 72.59

AXLen := AllData” ID 5 = AllData"” 0D, = AllData"™

RefPoint = 1.282

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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0 —30.99 —30.92 —31.719 —35.433 —35.967\
0.441 —-237 —4.15 —6.024 —7.411 —9.003
0.793 27.862 23.567 19.705 17.995  12.782
1.076 42.802 38.705 32.039 24.149  15.988
Data := | 1.303 47.376 40.949 35.624 31.779  29.726
1.484 48.173 40.841 37.026  40.902  48.506
1.629 43.475 39.757 38.459 47.748  55.999
1.794 35.074 35.427 38.776 48731 61.472
1.959 25.697 30.809 38.834 51.732 66.515}

Axl = Data<O> MD := Data<3'> 1D = Data<1> TQ = Data<4> QT = Data<2> OD := Data<5>
Rjp := regress(Axl, D, 3) RQT = regress(Axl,QT,3)
Rop = regress(Axl, 0D, 3)
Rpmp = regress(Axl,MD, 3) RTQ = regress(Axl, TQ,3)
FLC ntr = RefP sint =<0 if Val =1 Flaw center Location Location above Nozzle Bottom
Refp i 1f Val= 2
Refpgint +¢o otherwise
UL cop — Urs
_ Strs.Dist Tip
UTip = FLepgr €0 InCStrs.avg = 20
Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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PmpLength = 0.255

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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CGRsambi(k’x) = CGRsambi(k'(,) = CGRsambi(kys) =
0.621 15.698 9.83
0.621 16.72 10.395
0.622 16.723 104
0.622 16.726 10.404
0.622 16.73 10.408
0.622 16.733 10.413
0.623 16.736 10.417
0.623 16.739 10.422
0.623 16.743 10.426
0.623 16.746 10.431
0.623 16.749 10.435
0.624 16.752 10.44
0.624 16.756 10.444
0.624 16.759 10.449
0.624 16.762 10.453
0.624 16.765 10.458
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray



Entergu Opemtians Imc Appendix C; Attachment 5 Engineering Report
Central Engineering Programs Page 10cf 11 M-EP-2004-001-00

70 —o— 1D Distnbution ]
—a— 0D Distrbution /
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o
o
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o o
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T T
00 05 10 15 20
Operating Time {years}
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Developed by: Verified by:
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Stress Corrosion Crack Growth Analysis Through-wall flaw

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. Gray

Note : Only for use when R, ,..../* is between 2.0 and 5.0 (Thick-wall Cylinder)
References :

1) ASME PVP paper PVP-350, Page 143; 1997 {Fracture Mechanics Model}
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Arkansas Nuclear One Unit 1

Component : Reactor Vessel CRDM -"18.2"degree Nozzle, "Downhill" Azimuth

Calculation Reference: MRP 75 th Percentile and Flaw Pressurized

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1.
The correction is applied in the determination of the crack extension to Th {‘oug h Wall
obtain the value in inch/hr . Axial Flaw

BZ = Ul G st — FSnde data sheet Location of Blind Zone above nozzle bottom (inch)

Developed by: Verified by:
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Input Data :-

Initial Crack Length TW axial Based on Stress Distribution. Bottom end of Crack
to be set @ approximately 10ksi.

=
i

o
~J

- Qg 1 1 ‘\
1.103-107 > \T+459.67 T,(+459.67 )

Co=c¢ Qe Timgpy == Years:365-24

od id t
Roi= — Rj=— t=Rs—-Ri Rm=Rj+ = CFinhr = 1.417-105
2 2 2
Timg Ij;

Cplk = ud Protpi = - l:= -

liim 50 2
Developed by: Verified by:
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Stress Distribution in the tube. The outside surface is the reference surface for all analysis in accordance with the reference.

Datap || =
0 1 2 3 4 5
0 0 -32.98 -29.55 -27.62 2563 -23.66
1 0.46 4.42 143 262 5.98 7.49
2 0.83 236 2013 17.47 13.58 8.56
3 113 39.38 33.76 28.59 23.55 16.9
4 137 41.08 356 32.56 29.09 28.07
5 156 35.47 35.03 34.72 41.39 51.48
6 171 25.31 30.93 36.76 48.63 57.32
7 1.85 18.48 26.76 37.58 49,67 67.27
8 2 15.18 24.43 37.51 5317 72.59
Al DY AIIID := Datasy? AIIOD := Datayt>

Developed by:

Verified by:
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100

1.282 1.712

Stress [ksi]

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Axial Distance above Bottom [inch]
— ID Distribution

............. OD distribution
BZ = 1.282

0 3298 -29.552 -27.619 -25.631 —23.659\\
0.463 4.418 1431 -2.622 5982 -7.485
0.834 23.603 20.133 17.472  13.58 8.558
1.131 39.381 33.757 28.588 23.549 16.901

Data :=
1.369 41.077 35.596 32.564 29.095 28.069
1.56 35.472 35.035 34.721 41389 51.476
1.712 25309 30.935 36.756 48.633 57.324
1.854 18.476 26.759 37.578 49.667 67.274 )
Asil= Ba D := DataV OD = Data”
Rip = regress(Axl, ID, 3) Rop := regress(Axl,OD, 3)

Developed by: Verified by:
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Flepge = BZ - | Flaw Center above Nozzle Bottom

ULSrs.Dist — BZ

Incgirs.avg == 20

NolUseriinputirequiredibeyondthisiRoint

{5) Sat Aug 09 11:44:49 AM 2003

Developed by: Verified by:
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Prochng[h =043

Flaw Length vs. Time

Flaw Growth -Axial {inch}

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

.r\vCp“.scc(j' H
Operating Time {years}
— Entergy Model
Increase in Half Length
2 ; ;
1 | |
| T i

= | 1 §
5 15 * ? ;
£ ‘ !
=
[=
=2 1
g
2
3
2
g 05

0

0 0.2 0.4 0.6 0.8 | 1.2 1.4 1.6 1.8

Operating Time {Years)
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TWCp\\'scc(j‘m = Twcp\\scc(j'.’) = Twcp\vscc(j_x) =
22.431 33.949 29.51
28.006 38.178 34.555
28.015 38.187 34.564
28.024 38.196 34.574
28.033 38.205 34.584
28.042 38.214 34.594
28.051 38.223 34.604

28.06 38.233 34.613
28.069 38.242 34.623
28.077 38.251 34.633
28.086 38.26 34.643
28.095 38.269 34.653
28.104 38.278 34.663
28.113 38.287 34672
28.122 38.296 34.682
28.131 38.306 34.692

Developed by: Verified by:
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0.5

o o o
N w S
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Growth In Length {inch}

o
i

0.0
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Operating Time {years}
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