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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 -"26.2" Degree Nozzle, "Mid-Plane" 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. ID SU rfac e Flaw

The correction is applied in the determination of the crack extension to
obtain the value in inch/hr .

Developed by: Veerified by:
J. 8. Brihmadesam B. C. Gray
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od id t .
R0 = - Rid =y t:= Ro — Rid Rm = Rid + - Tlmopr = Years-365-24
Tim Iy: R
. 5 . opr lim r _°m
CFinhr = 1.417-10 Cblk = ———‘ Pmtblk = —0 CO = —2— Rt = —t
lim
1.103-1073 | T+459.67 T 459.67
COI = ¢ ref ™ ) "0 Temperature Correction for Coefficient Alpha
CO = CO] 75 th percentile MRP-55 Revision 1
Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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AllData =

1.31 11.24 8.85 6.94 4.58 0.55
1.78 27 23.32 18.34 11.84 5.76
2.15 31.38 25.44 221 20.12 17.77
2.45 24.26 22.52 23.16 29.7 38.66

2.7 13.02 18.87 23.53 37.76 47.52
2.86 3.33 13.25 244 40.28 56.58
3.02 -1.38 11.18 24.27 42.02 57.85

AXLen := AllData” ID 5 = AllData'” OD | = AliData®

RefPoint = 0.875

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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0 —4.881 —6.344 —7.277 —8.257 —9.768\
0.729 —3.137 —4.259 —5.323 —5.657 —5.284
1312 11.237 8853 6944 4582 0.547
1.78 26.997 23318 18343 11.84 5.76
Data := | 2.155 31.378 25438 22.099 20.121 17.774
2455 24259 2252 23.163 29.696 38.662
2,695 13.023 18.873 23.528 37.756 47.515
2.857 3.329 13248 24.402 40.285 56.577
3.02 —1.382 11.182 24.275 42.021 57.851)

Axl = Data<0> MD := Data<3> ID = Data<l> TQ = Datal<4> QT = Data<2> OD = Data<5>
Rip = regress(Axl,ID,3) RQT = regress(Axl, QT,3)
Rp := regress(Axl,0D,3)
Rypp = regress(AxI,MD, 3) RTQ = regress(Axl1, TQ,3)
Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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F LCntr = RefPoint - ¢ if Val=1 Flaw center Location above Nozzle Bottom
RefPoint if Val=2

RefPoint +¢g otherwise

ULstrs.Dist ~ Ui
— — : P
UTip = Flcntr + €0 Incgyrs avg = 20

NolUsergnputisirequiredlbeyondithis]Roint

{5) Sat Aug 09 10:59:39 AM 2003

PmpLength = 1.645

Developed by: Verified by:
J. S. Bnhmadesam B. C. Gray
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Flaw Growth in Depth Direction

Engineering Report
M-EP-2004-001-00
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Developed by: Verified by:
J. 8. Bohmadesam 8. C. Gray
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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
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CGRsambi(k,g) = CGRsambi(k,G) = CGRsambi(k,s) =
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
1.02 1.443 1.186
Developed by: Verified by:

J. S. Brihmadesam B. C. Gray
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Central Engineering Programs
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Developed by: Verified by:
B. C. Gray
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Developed by: Verified by:
J. 8. Brihmadesam
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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. 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 -"26.2" Degree Nozzle, "Mid-Plane" 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

4§ | G(

W



Entergy Operations Inc Appendix C; Attachment 20 Engineering Report

Central Engineering Programs Page 2 of 11 M-EP-2004-001-00

The regions highlighted below remain constant for ANO-1 analysis and should not be changed
Input Data :-

od i t ,
R0 = ~ Rld - t = R0 - Rid Rm = Rid+ - Tlmopr = Years-365-24
_ 5 _ Tlmopr ljim L _ R
CFinhr = 1.417-10 Cblk = Pmtblk ? CO = E Rt = —
lim t
{ -Qq ( 1 L
1.103-107 3 | T+459.67 T 459.67
COl = ref ™ } 0 Temperature Correction for Coefficient Alpha
CO = CO] 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 :=

AXLen = AllData” ID = AllData'” 0D, = AliData"”

RefPoint = 0.875

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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0 —4881 —6.344 —7.277 —8.257 —9.768\\
0.729 —3.137 —4.259 —5.323 —5.657 —5.284
1.312 11.237 8.853 6.944 4582 0.547

1.78 26997 23318 18343 11.84 5.76

Data :=
2.155 31.378 25.438 22.099 20.121 17.774
2.455 24.259 2252 23.163 29.696 38.662
2.695 13.023 18.873 23.528 37.756 47.515
2.857 3.329 13.248 24.402 40.285 56.577)
Axl = Datal? MD := Data® ID = Data\" TQ := Data QT = Data® OD := Data™
Rip = regress(Axl, 1D, 3) RQT = regress(Axl1,QT, 3)
ROD = regress(Axl, 0D, 3)
Rpp = regress(Axl,MD, 3) RTQ = regress(Axl, TQ,3)
FLC ntr = RefP e | if Val =1 Flaw center Location Location above Nozzle Bottom
RefPoint if Val =2
Refpgyint + ¢ otherwise
UL ot — U
‘ Strs.Dist Tip
UTip =FlLcpeet ¢ IncStrs.avg = 20

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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{3} Sat Aug 09 10:21:18 AM 2003

Developed by:

Verified by:
J. 8. Brihmadesam

B. C. Gray



Entergy Operations Inc Appendix C; Attachment 20 Engineering Report
Central Engineering Programs Page 6 of 11 M-EP-2004-001-00

PmpLength = 1.645

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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Central Engineering Programs Page 9 of 11 M-EP-2004-001-00

CGR CGR

CGRsambi(k’s) = sambi(k’ﬁ) = sambi(k,s) =
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
0.621 -1.043 -0.495
Developed by: Verified by:

J. 8. Brihmadesam 8. C. Gray
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Engineering Report
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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, . ../7 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 -"26.2"degree Nozzle, "Mid-Plane" 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 l:OUg h Wall
obtain the value in inch/hr . Axial Flaw

BZ = ULy Dist — FSade dat shicet 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.

- Qs 1 1 \
1.103 10-3 T+459.67 Tref‘*459-67)

Co=¢ (e Timgpr == Years-365-24

od id t
Ry = — Ri=— t=Rs—R; Rp=Rj+ — CFinhe = 1.417-105
2 2 2
Tim, I

Colk = = Pty = 28 1= -

liim 50 2
Developed by: Verified by:

ciy
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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 | :=

1 2 3
0 0 4.88 6.34 7.28 8.26 9.77
1 0.73 314 4.26 532 75,66 528
2 1.31 1124 8.85 6.94 4.58 0.55
3 1.78 27 23.32 18.34 11.84 5.76
4 2.15 31.38 25.44 221 2012 17.77
5 2.45 24.26 22.52 23.16 29.7 38.66
6 2T 13.02 18.87 2353 37.76 47.52
7 2.86 55 13.25 244 40.28 56.58
8 3.02 138 1118 2427 42.02 57.85
AllAst = Dt AIID = Datapy " AlIOD = Datap\

Developed by:

Verified by:




Entergy Operations Inc.
Central Engineering Programs

Appendix C: Attachment 21
Page 4 of 10

Engineering Report
M-EP-2004-001-00

60

46.67

33.33

20

Stress [ksi]

6.67

~6.67

0.875

=20
0 0.5

— ID Distribution
------------- OD distribution

1.5

Axial Distance above Bottom [inch]

2.3

3.5

BZ = 0.875

Axl:= Data<0>

Rp := regress(Axl, ID, 3)

Data :=

0.729
1:312
1.78
2.155
2.455
2.695
2.857

—4.881
=3.137
11.237
26.997
31.378
24.259
13.023
3.329

(1

ID := Data

—6.344
—4.259
8.853
23.318
25.438
22.52
18.873
13.248

—7.277
=5.325
6.944
18.343
22.099
23.163
23.528
24.402

-8.257
-5.657
4.582
11.84
20.121
29.696
37.756
40.285

-9.768
-5.284
0.547
5.76
17.774
38.662
47.515
56.577 )

(5

OD := Data

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

Developed by:

Verified by:

(
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FLCny = BZ - | Flaw Center above Nozzle Bottom

ULstrs.Dist — BZ

Incgirsavg = 20

NojUserjinputiregtiredibeyondithisjpoint

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

Developed by:

Verified by:
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Engineering Report
M-EP-2004-001-00

Prochng[h =1.82

Flaw Length vs. Time

1.5
) 1
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Q
=
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0 i
|
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p“scc(j'”
Operating Time . {years}
— Entergy Model
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2
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2 1
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2 05
I | | !
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Operating Time {Yecars}

Developed by:

Verified by:
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Developed by: Verified by:
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TWC pWSCC,j ) = T\\"Cp\\'scc(j_” = Twcpwscc(j‘s) =
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701
-2.276 -1.108 -1.701

Developed by: Verified by:
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Engineering Report
M-EP-2004-001-00

Stress Intensity factor {ksi*in*0.5}

Hoop Stress {ksi}

Hoop Stress Plot

30

10

Top of Blind Zone

—o— |ID Hoop Stress
—a— OD Hoop Stress

o

Bottom of Weld

Compression
Zone
T T T T T T T
0.0 05 1.0 1.5 2.0 25 3.0
Distance from Nozzle Bottom ({inch}
-1.2 1
——— OD Surface SIF
ID Surface SIF
——— Average SIF
-1.6
-2.0
2.4 T T T T
0.0 0.5 1.0 15 20

Operating Time {years}

Developed by:

Verified by:

(’“ \

Lt |

7~

> |



Entergy Operations Inc.
Central Engineering Programs

Appendix C: Attachment 21

Page 10 of 10

Engineering Report
M-EP-2004-001-00

Growth In Length {inch}
o
-~

o
nN
"

06 1

00 1

00

05

T
10
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 -"38.5" Degree Nozzle, "Downhill" Azimuth

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized
Mean Radius -to- Thickness Ratio:- "R mlt" -- between 1.0 and 300.0
Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1. ID Surfa ce 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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Central Engineering Programs Page 2 of 11 M-EP-2004-001-00

od id t .
Ro = ~ Rid = -~ 1= R0 — Rid Rm = Rid+ - Tlmopr = Years-365-24
Tim Iy; R
. 5 . opr _ lim __'m
CFinhr = 1417-10 Cblk = -—I-—- Pmtblk = W CO = —2- Rt = -—t——
lim
1.103-10~3 | T+459.67 T 459.67
COl = ¢ > ref ™ ) ‘0o Temperature Correction for Coefficient Alpha
Co = Cpy 75 th percentile MRP-55 Revision 1
Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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AllData = _

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

RefPoint = 0875

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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0 —27.262 —26.568 —25.018 —20.841 —15.546\
0355 —8.663 —3.917 —2294 —3.371 -2.704
0.64 1.497 3.941 8.574 6.533 3.174
0.868 18.44 16972  16.875  13.139 6.557
Data :=| 1.051 27.564 27.006 28.041 24.607 19.607
1.198 24.021 27.991 34.116 49.117 53.8
1.315 18.785 26.702 37.396 54.727  56.187
1.463 17.64  25.575 39.708  56.365 66.86
1.61 19.157 26.134 38.392  55.373 77.311)

Axl = Data<0> MD := Data<3> ID := Data<l> L= Data<4> QT = Data<:2> OD = Data<5>

Il

Rip = regress(Axl,ID,3) RQT = regress(Axl1,QT,3)
Rop = regress(Axl, 0D, 3)

Ryvp = regress(Axl,MD, 3) RTQ = regress(Axl, TQ,3)

Developed by:

Verified by:
J. 8. Brihmadesam

B. C. Gray
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FLCntr = RerPoint - ¢ if Val=1 Flaw center Location above Nozzle Bottom
Rchoint if Val=2

Rchoint +¢g otherwise

) . ULgyrs.Dist ~ UTip
UTip = Flcnie* <o Incgyrs.avg = 2

¥
&

NojUseriinpUtiisfrequiredibeyondithisiBoint

{8} Sat Aug 09 10:59:39 AM 2003

pmpLength = 0.265

Developed by: Verified by:
J. 8. Bnhmadesam 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 8. C. Gray
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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
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CGRsambi(k’X) = CGRsambi(k,(’) = CGRsambi(k,S) =
1.02 8.464 7.439
1.02 9.195 8.038
1.02 9.195 8.039
1.02 9.195 8.039
1.02 9.195 8.039
1.02 9.195 8.039
1.02 9.195 8.039
1.02 9.195 8.039
1.02 9.195 8.039
1.02 9.196 8.039
1.02 9.196 8.039
1.02 9.196 8.04
1.02 9.196 8.04
1.02 9.196 8.04
1.02 9.196 8.04
1.02 9.196 8.04
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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Engineering Report
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i 0.4

§ 03
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o1
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0.0 05 1.0 15 20
Operating Time {years}

" SIF Depth Point
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Developed by: Verified by:
J. S. Brihmadesam 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. 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 -"38.5" 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. 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 .
R, = - Riyg= C t:= RO - Rid R,= Rid + s T1mOpr = Years-365-24
Tim Iy: R
. 5 . opr lim L _'m
CFll’lhl' = 1.417-10 Cblk = I— Pmtblk R— CO = 3 Rt = T
im
1.103-1073 | T+459.67 T 459.67
COI = ¢ ref ™" ) “0Lge Temperature Correction for Coefficient Alpha
CO = COl 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 -27.26 -26.57 -25.02 -20.84 -15.55

0.36 -8.66 -3.92 -2.29 -3.37 2.7

0.64 1.5 3.94 8.57 6.53 317

0.87 18.44 16.97 16.88 13.14 6.56

1.056 27.56 27.01 28.04 24 61 19.61

12 24.02 27.99 34.12 49.12 53.8

1.31 18.79 26.7 37.4 54.73 56.19

1.46 17.64 25.57 39.71 56.37 66.86

1.61 19.16 26.13 38.39 55.37 77.31

1.76 21.4 25.01 37.32 51.05 66.31

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

RefPoint = 0.875

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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0 —27.262 —26.568 —25.018 —20.841 —15.546\
0355 —8.663 —3917 —2294 —3.371 —2.704
0.64 1.497 3.941 8.574 6.533 3.174
0.868 18.44 16.972  16.875  13.139 6.557
Data :=| 1.051 27.564 27.006 28.041 24.607 19.607
1.198 24.021 27.991 34.116  49.117 53.8
1.315 18.785 26.702  37.396 54.727 56.187
1.463 17.64 25575 39.708  56.365 66.86
1.61 19.157 26.134 38392 55.373 77.31]}

Axl = Data<O> MD := Data<3> ID = Data<l> TQ = Data<4> QT = Data<2> OD = Datal<5>

regress(Axl,QT,3)

Rjp = regress(Axl,ID,3) RQT -
Rop := regress(Axl,0D,3)
Rpmp = regress(Axl,MD, 3) RTQ := regress(Axl1, TQ,3)

FLCntr = RefPoint - if Val=1 Flaw center Location Location above Nozzle Bottom
RefPoint if Val= 2

RefPoint +¢ otherwise

ULgtrs.Dist ~ Yip
20

Urip = FLcntr + €0 Incgyrg avg =

Developed by:

Verified by:
J. S. Brihmadesam

B. C. Gray
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{8 Sat Aug 09 10:21:18 AM 2003

Developed by: Verified by:
J. S. Brihmadesam 8. C. Gray
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PmpLength = 0.265

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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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
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CGRsambi(k,s) = CGRsambi(k’()) = CGRsambi(k’s) =
0.621 8.721 5.989
0.621 10.198 6.897
0.621 10.198 6.898
0.621 10.199 6.899
0.621 10.199 6.9
0.622 10.2 6.9
0.622 10.2 6.901
0.622 10.201 6.902
0.622 10.201 6.903
0.622 10.202 6.904
0.622 10.202 6.904
0.622 10.202 6.905
0.622 10.203 6.906
0.622 10.203 6.907
0.622 10.204 6.908
0.622 10.204 6.908
Developed by: Verified by:

J. S. Brihmadesam B. C. Gray
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J. 8. Brihmadesam
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Central Engineering Programs
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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, ,.;./7 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 -"38.5"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 roug h Wa”
obtain the value in inch/hr . Axial Flaw

BZ = Ul Dist — FSide data sheet Location of Blind Zone above nozzle bottom (inch)

Developed by: Verified by:
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Input Data :-

L:=0.25 Initial Crack Length TW axial Based on Stress Distribution. Bottom end of Crack
to be set @ approximately 10ksi.

- Qg [ 1 ¢
Li0a-1p ® \TeA09.67 Trid5067 )|

Co=¢ Qe Timopr = Years-365-24

od id t
Ro = = Rj:= — feRe-Ri Ry =Ri+ - CFinhr = 1417-10°
2 2 2
Tim, Ijj
Chlk = = Prntp)k = L l:= -
Ilim 50 2
Developed by: Verified by:
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Page 3 of 10

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 -27.26 -26.57 -25.02 -20.84 -156.65
1 0.36 -8.66 -3.92 -2.29 -3.37 -2.7
2 0.64 1.5 3.94 8.57 6.53 3.17
3 0.87 18.44 16.97 16.88 13.14 6.56
4 1.05 27.56 27.01 28.04 24.61 19.61
5 1.2 24.02 27.99 34.12 49.12 53.8
6 1.31 18.79 26.7 374 54.73 56.19
7 1.46 17.64 25.57 39.71 56.37 66.86
8 1.61 19.16 26.13 38.39 55.37 77.31
9 1.76 21.4 25.01 37.32 51.05 66.31

AllAd = Datun ™

AIlID := Datag

AllIOD := DataA“<5>

Developed by:

Verified by:
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Engineering Report
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100

0.875

0

0.2 0.4

— ID Distribution
--------- OD distribution

Axl:= Data<0>

Rip = regress(Axl, 1D, 3)

0.6

Data :=

0.8

1

1.2

Axial Distance above Bottom [inch]

0.355
0.64
0.868
1.051
1.198
1.315
1.463
1.61

-27.262
-8.663
1.497
18.44
27.564
24.021
18.785
17.64
19.157

(1

ID := Data

-26.568
—3.917
3.941
16.972
27.006
27.991
26.702
25.575
26.134

1.4 1.6 1.8

BZ = 0.875

—25.018 —20.841 —15.546)
-2.294 -3371 -2.704
8.574  6.533 3.174
16.875 13.139  6.557
28.041 24.607 19.607
34.116 49.117  53.8
37396 54.727 56.187
39.708 56.365  66.86
38392 55373 77.311 )
ODi= Data<5>

Rop := regress(Axl, OD, 3)

Developed by:

Verified by:

C 9%
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Flepyr:=BZ -1 Flaw Center above Nozzle Bottom

ULgyrs.Dist — BZ

Incgyrs avg = 20

Mo RI7 i i) A vere) G Aot

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

Developed by: Verified by:
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PropLength = 0.44

Flaw Length vs. Time
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Developed by: Venified by:
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Developed by: Verified by:
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TWCphw = TWCphwse = TWCpuwsee =
Cp\\scclj-()) pwsee ; o) pwsee; g,
7.553 8.763 8.27
7.553 8.763 8.27
7.553 8.763 8.27
7.553 8.763 8.27
7.553 8.763 8.27
7.553 8.763 8.27
7.553 8.763 8.27
7.553 8.763 8.27
7.553 3.763 8.27
7.553 3.763 8.27
7.583 3.763 8.27
7.553 3.763 8.27
7.553 3.763 8.27
7.553 3.763 8.27
7.553 3.763 8.27
7.553 3.763 8.27

Developed by: Verified by:
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Hoop Stress Plot
T
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T 40 i /
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920 i
0 - iy 2 \ opss
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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 -"38.5" Degree Nozzle, "Uphill" 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. ID SLI rfac e 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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od id t .
RO = . Rid = 1= Ro - Rid Rm = Rld + 5 TlmOpr = Years-365-24
Tim Iy: R
. 5 o opr lim _ L ' m
CFinhr = 1.417-10 Cblk = -—I———— Pmtblk = ? CO = —2- Rt = -—t-
lim
[ —~Q, ( | 1
1.103-10~ 3 | T+459.67 T 459.67
CO] = ¢ ref™ } “O0e Temperature Correction for Coefficient Alpha
Co = Coq 75 th percentile MRP-55 Revision 1
Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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AllData :=
0 1 2 3 4 5
0 0 -20.71 -13.89 -10.09 -6.78 -2.47
1 1.32 5.79 -0.12 -6.37 -11.55 -16.26
2 2.38 20.09 19.42 1.11 -21.71 -29.32
3 3.23 35.24 33.45 21.85 -18.78 -33.48
4 3.92 46.8 45.16 37.94 8.37 -15.97
5 4.46 51.85 48.95 42.42 37.19 32.64
6 4.9 55.05 50.07 49.8 57.89 55.56
7 5.12 55.22 51.16 55.73 63.87 70.72
8 5.34 53.1 55.78 60.81 70.8 73.94
9 5.56 50.45 53.11 62.73 69.7 72.99
AXLen = AllData” ID 5 = AllData” 0D, = AliData"”

RefPoint = 1.818

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Central Engineering Programs

0 —20.713 —13.891 —10.091 —6.781 —2.467 \
1.324  5.79 —0.121 —6.365 —11.555 —16.261
2.385 20.088 19.42 1.112 -21.708 —29.318
3.235 35.237 33.451 21.848 —18.777 —33.482
Data := | 3.916 46.802 45.156  37.936 83720 —15.972
4461 51.852 48945 42423 37.185  32.638
4.898 55.053 50.07 49.796  57.893  55.558
5.119 55224  51.157 55.733  63.865  70.724
534 53.096 55.783  60.808  70.802 73.937}

Axl = Da‘[a<0> MD := Data<3> ID = Data<l> TQ = Data<4> QT = Data<2> OD = Data<5>

Rip = regress(Axl, 1D, 3) RQT = regress(Axl, QT, 3)
ROD := regress(Axl, 0D, 3)

Rypp = regress(Ax1,MD, 3) RTQ := regress(Axl, TQ,3)

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray

~ 2 e pd
,k_, w"’! ‘L,l'-

- ¥,



Entergy Operations Inc. Appendix C; Attachment 25 Engineering Report
Central Engincering Programs Page 50f 11 M-EP-2004-001-00

FLCntr = RefPoint - ¢y if Val =1 Flaw center Location above Nozzle Bottom
RCfPoint if Val=2

Rchoint +¢p otherwise

UL ioq = U
Strs.Dist Tip
Urip = Flcner * <o Incgyrs.avg = 20

NojUserinputhsireqtiiredjbeyondihisiBoint

Sat Aug 09 10:59:39 AM 2003

PmpLenglh = 2.905

Developed by: Verified by:
J. 8. Bnihmadesam 8. C. Gray
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CGRsambi(k,s) = CGRsambi(k’()) = CGRsambi(k’S) =
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
1.02 6.937 6.254
Developed by: Verified by:

J. 8. Brihmadesam 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. 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 -"38.5" Degree Nozzle, "Uphill" 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 .
R, = - Rid = = t=R,-Ryg R =Rig+ 3 T1mopr = Years-365-24
Tim Iy: R
. 5 - opr lim b . 'm
CFil’lhI‘ = 1.417-10 Cblk = —_—— Prntblk W CO — E Rt = —_—
lim t
1.103-1073 | T+459.67 T 459.67
C 0] =€ ref ™ ) 0o Temperature Correction for Coefficient Alpha
Co = CO] 75 th percentile MRP-55 Revision 1
Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Stress Input Data

AllData :=

AXLen := AllData” ID 5 = AllData’” OD 5| = AllData"”

RefPoint = 1.818

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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0 —20.713 —13.891 —10.091 —6.781 —2.467 \
1.324  5.79 —0.121 —6.365 —11.555 —16.261
2.385 20.088 19.42 1.112 —21.708 —29.318
3.235 35237 33.451 21.848 —18.777 —33.482
Data := | 3.916 46.802 45.156 37.936 8372 -—15.972
4461 51.852 48945 42423 37.185 32.638
4.898 55.053 50.07  49.796  57.893  55.558
5.119 55.224 51.157 55.733 63.865 70.724
534 53.096 55783  60.808  70.802 73.937)

Axl 1= Data<O> MD = Data<3> ID = Data<]> Ty o= Data<4> QT = Data<2> oD = Data<5>
Rjp := regress(Axl,ID,3) RQT := regress(Ax1,QT,3)
Rop = regress(Axl, 0D, 3)
Rpmp = regress(Axl,MD, 3) RTQ = regress(Axl, TQ,3)
FLoptr = |Refpgint —€¢ if Val =1 Flaw center Location Location above Nozzle Bottom
Refpgine if Val =2
Refpyint +¢o otherwise
UL i — U
. Strs.Dist Tip
UTip =FLcner t € lncStrs.avg e 20
Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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&) Sat Aug 09 10:21:18 AM 2003
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PmpLength = 2.905

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Developed by: Verified by:
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CORsambiy g = CORsambi ) = CORsambiy o) =
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
0.621 -11.016 -6.445
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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