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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

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"7.8" Degree Nozzle, "90" Degree Azimuth,
1.544" above Nozzle Bottom

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. S. Brihmadesam B. C. Gray
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Verified by:
B. C. Gray
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Cy:= Coi 75 th percentile MRP-55 Revision 1

AllData =

AXLen := AllData<0> IDap = AllData<1> ODuqp = A]lData(5>

Developed by: Verified by:
J. 8. Bnhmadesam B. C. Gray
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Jepre sen 'S: ne,

d) lgh

ab T epresentm he region to; -' elec Ehe j 1} 'ndrag el
hllS ;ho’ldmg"t‘he e ouse bu ondownigornce s done;click engh emouse buttonan

(0.777 —5.985 —7.029 —8.206 —9.34 —10.214\
1.399 7.507 2446 -—-2972 —-5.766 —7.284
1.898 26.16 22.721 15.759 8375 0.041
2297 40.097 35.774 28929 20399 11.338

Data :=
2.617 46.142 38476 32974 32389 38.226
2.873 42475 39.105 37.898 47325 58408
3.056 32813 34.635 39.401 53.167 67.334
\3.238 24577 30972 39.991 55653 68.712 )
Axl := Data® MD := Dats®  ID = Data" TQ := Datd? QT := Datd®  OD := Data®
R|p := regress(Axl, 1D, 3) RQT := regress(Axl1,QT,3)

Rop = regress(Axl, 0D, 3)
Rpp = regress(AxI,MD,3) RTQ = regress(Ax|, TQ,3)

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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FLCntr = RefPoint —¢p if Val=1 Flaw center Location above Nozzle Bottom
RefPoint if Val= 2

RefPoint +¢p otherwise

ULgtrs.Dist ~ UTip
20

UTip = FLepgr + ¢ IncStrs.avg =

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

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



Entergy Operations Inc.

Central Engineering Programs

PmpLength = 1.169

Appendix C; Attachment 10
Page 6 of 11

Flaw Growth in Depth Direction

Engineering Report
M-EP-2003-004-00

T T T T T
(V) o -
=
(8]
R=
=
<= = -
= 0.4
[P
e
=
E
=
O
x 02 -
8
&3
0 l ] | I | I
0 0.5 1 1.5 2 25 35 4
Operating Time {years}
2 | T | T | |
15 -
=
Q
B
Ao 1 e -—
=
=]
=
L4
= 05 .
-
=
[=}
S
0
2
=
i,
=05 -
-1 1 ] 1 I I !
0 0.5 1 1.5 2 25 35 4

Developed by:
J. S. Brihmadesam
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Verified by:
B. C. Gray
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Developed by: Verified by:
J. 8. Brhmadesam 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) =
1.103 6.688 5.54
1.103 6.688 5.54
1.103 6.688 554
1.103 6.688 5.54
1.103 6.688 5.54
1.103 6.688 5.54
1.103 6.688 5.54
1.103 6.688 5.54
1.103 6.688 5.54
1.103 6.688 5.54
1.103 6.688 5.54
1.103 6.688 5.54
1.103 6.688 5.54
1.103 6.688 5.54
1.103 6.688 5.54
1.103 6.688 5.54
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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B. C. Gray

COZ.



Entergy Operations Inc Appendix C; Attachment 11 Engineering Report

Central Engineering Programs Page 1 of 11 M-EP-2003-004-00

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

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"7.8" Degree Nozzle, "90" Degree Azimuth,
1.544" above Nozzle Bottom

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. Brihrmadesam B. C. Gray
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_od id . .
RO - 7 Ri = '; = RO - Rid Rm = Rid+ — Tlmop
Tim Iy
— 5 — opr _ lim L ‘
CFinhr = 141710 Cb“\ = m Prntblk =150 co = > Rt =

_Qg . ( 1 1 \
10 3 { TH459.67 T, .r+459.67
1.103- 10
ref " ) . Temperature Correction for Coefficient Alpha

Cop=¢ %oc

Developed by:
J. S. Brihmadesam

= Years-365-24

Verified by:
B. C. Gray
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AllData :=

Developed by:
J. S. Brihmadesam

Co = Col

Stress Input Data
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75 t percentile MRP-55 Revision 1

RH 0.78 -5.99 -7.03 -8.21 -9.34 -10.21
2] 1.4 7.51 2.45 -2.97 577 -7.28
3 1.9 26.16 2272 15.76 8.38 0.04
4) 2.3 40.1 3577 28.93 204 11.34
5! 2,62 46.14 38.48 32.97 32.39 38.23
6] 2.87 42.48 39.1 37.9 47.33 58.41
7! 3.06 32.81 34.63 39.4 53.17 67.33
8! 3.24 24.58 30.97 39.99 55.65 68.71
9 3.42 20.31 28.18 39.86 54.12 66.02

AXLen = AllDatal®

Stress [ksi]

80

=20
0

IDA” = AllData<l>

Stress Distribution

OD 4y = AllData®”

3 35 4

45

Verified by:
B. C. Gray
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AXLen
Axial Elevation above Bottom [inch]

0777 —5.985 —7.029 —8.206 -9.34 —10.214\
1.399 7.507 2446 -—-2972 —5.766 —7.284
1.898 26.16 22.721 15.759 8375 0.041

2297 40.097 35.774 28929 20399 11.338

Data =
2.617 46.142 38476 32974 32389 38.226
2.873 42475 39.105 37.898 47325 58.408
3.056 32.813 34.635 39401 53.167 67.334
\3.238 24.577 30.972 39991 55.653 68.712 )
Axl = Da’[a<0> MD = Data<3> ID = Data<I> TQ = Data<4) QT = Data<2) OD = Data<5>
Rip := regress(Axl, ID,3) RQT = regress(Axl,QT,3)

Rgop = regress(Axl1,0D,3)

Rpp = regress(Ax1,MD, 3) RTQ = regress(AxI, TQ,3)

FLCntr = RefPoint - ¢y if Val =1 Flaw center Location Location above Nozzle Bottom
RefPoint if Val=2
RefPoint +¢p otherwise
. . ULgirs. Dist ~ UTip
UTip = Flcar + <0 Incgirs avg = 20
Developed by: Verified by:

J. 8. Bruhmadesam B. C. Gray
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{5 sat Aug 09 10:21:18 AM 2003

Developed by:

Verified by:
J. 8. Brihmadesam

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

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



Entergy Operations Inc

Central Engineering Programs

Appendix C; Attachment 11

Page 8 of 11

Influence Coefficients - Flaw
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Developed by:

J. S. Brihmadesam
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g

Verified by:
B. C. Gray
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CGRsambi(k,s) = CGRsambi(k,G) = CGRsambi(k,s) =
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
0.827 -2.876 -1.693
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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Developed by:
J. S. Brihmadesam
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Verified by:
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, ;.;;/7is 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

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"7.8"degree Nozzle, "90" Degree Azimuth 1.544 inch above Nozzle Bottom

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 {'0 ug h Wa ”
obtain the value in inch/hr . Axial Flaw

Developed by: Verified by:
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‘Entries below remains constant-tor:- WS

=3.and should not be changed)

Input Data :-

L := 0.25

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

_Qg

Timgpr

Cplk =
lim

Co e L.m}-lo

| 1)
3 | T+459.67 T,+459.67 )

(e Timgpr := Years-365-24
id t 5
Rji=— t:= Ry — R Rp=Rj+ = CFiphr = 1.417-10
2 2
hi L
Pratpk == % 1= ;

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.

A 0.78 -5.89 -7.03 -8.21 -9.34 -10.21
2; 1.4 7.51 2.45 -2.97 -5.77 -7.28
1.9 26.16 22.72 15.76 8.38 0.04
4 23 40.1 35.77 28.93 204 11.34
5! 2.62 46.14 38.48 32.97 32.39 38.23
6. 2.87 42.48 39.1 379 47.33 58.41
7y 3.06 32.81 34.63 39.4 53.17 67.33
8: 3.24 24.58 30.97 39.99 55.65 68.71
9; 3.42 20.31 28.18 39.86 54.12 66.02

AllAx] = DataA”(O)

ANID = Datag "

ANIOD := Datag s>

Developed by:

Verified by:
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80

63.33

46.67 |-

Stress [ksi]
(93]
(=]

13.33

=3.33

=20
0 0.5 1 1.5 2 25 3 35 4 4.5

Axial Distance above Bottom [inch]
— ID Distribution
""""""" OD distribution

0.777 —5985 -7.029 8206 -934 —]0.214\
1.399 7.507 2446 -2972 -5.766 -—7.284
1.898 26.16 22721 15.759 8375 0.041
2.297 40.097 35.774 28.929 20.399 11.338
2,617 46.142 38.476 32974 32389 38.226
2.873 42475 39.105 37.898 47.325 58.408
3.056 32.813 34.635 39.401 53.167 67.334
3.238 24.577 30972 39.991 55.653 68.712)

Data :=

Axl:= Data(O) ID := Data<l> OD = Data(s)

Rip := regress(Axl, 1D, 3) Rop := regress(Ax],0D,3)

Developed by: Verified by:
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FLepyr:==BZ -1 Flaw Center above Nozzle Bottom

ULstrs.Dist — BZ
20

IncSirsavg =

Sat Aug 09 11:44:49 AM 2003

Developed by: Verified by:
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Propy engih = 1.329

Flaw Length vs. Time
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Developed by: Verified by:
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Verified by.

Developed by
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TWprscc(j‘ 6 = TWCpwsce U = TWCpwsce (.8 =
-5.54 5.676 0.175
-5.54 5.676 0.175
-5.54 5.676 0.175
-5.54 5.676 0.175
-5.54 5.676 0.175
-5.54 5.676 0.175
-5.54 5.676 0.175
-5.54 5.676 0.175
-5.54 5.676 0.175
-5.54 5.676 0.175
-5.54 5.676 0.175
-5.54 5.676 0.175
-5.54 5.676 0.175
-5.54 5676 0.175
-5.54 5676 0.175
-5.54 5676 0.175

Developed by: Verified by:
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Developed by:

Verified by:
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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

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"29.1" Degree Nozzle, "0" Degree Azimuth,
1.544" above Nozzle Bottom

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 Su rface Flaw
obtain the value in inch/hr.

Developed by: Verified by:
J. 8. Brihmadesam B.C. Gray
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[[he’highlighted region below. remians.constant for WSES-3 and should not be change

Jnitial Elaw Length

esign‘Operating Pressure (interna

Number:of Operating:Years

Jeration iimit for.CrackGrowih loop

Es[lma[e of 6peraflng;i em‘peraturé

Reference:Temperature for:normalizing Data deg s

od id t ]
RO = Rid = > t:= R0 - Rid Rm = Rid + 3 T1mOpr = Years-365-24
Tim Iy: R
_ 5 . opr . lim . L m
CFinhr = 1.417-10 Cb“\' = —l—- Pmtb]k = 5—0 CO = -5' Rt = T
im

- Qg ( 1 1 \
3.1073 | T+45967 T 459.67
1.103- 10
COl =e > ref* } ‘0 Temperature Correction for Coefficient Alpha

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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75 t percentile MRP-55 Revision 1

Engineering Report

M-EP-2003-004-00

AllData :=

a; 0.59 9 712 -5.97 -4.98 -3.96
2, 1.06 2.28 -2.81 353 -4.07 -4.39
13 1.44 8.13 5.39 2.03 -0.49 2,55
4 174 14.35 12.4 8.32 4.62 -0.62
9} 1.99 25.68 22.47 16.06 14.29 21.33
6 2.18 41.45 35.84 33.39 497 55.56
7 2.34 52.64 448 43.23 62.87 66.64
8 2.49 48.49 458 49.07 69.13 71.44
19; 2.65 40.38 42.43 4987 69.01 76.54
10 2.81 32.13 38.24 49.3 66.99 78.11
11 2.96 246 34.87 46.68 60.59 69.07

Developed by:
J. 8. Brihmadesam

Verified by:
B. C. Gray
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Dbservingthe:stress distributionselectithe-regioninthe table above:labeledDatay.tha
eglon of merest 'v his: eedstobe nespec:all '. or dlsfnbut:ons hatfe*co pressive
themn : r-and i esiatthe J-weld i ocat:on sHighlic hi’fhegﬁ gfoni in;thed
6"t'ign and dragith

] he irst; ceII or ele

(0 —14.124 —10.614 —8.602 —6.672 —4.573\
0.59 —9.002 -—7.115 -5966 —4.979 —3.958
1.062 —2278 —2811 —3.527 —4.069 —4.39
1.44 8127 5389 2032 —0491 —2.546
1.744 14353 12404 8325 4616 —0.624
Data := | 1.987 25.675 22473 16.062 14285 21.33
2.181 41453 35841 33.389 49.701 55.565
2338 52,639 44.805 43227 62.866 66.642
2495 48.491 45796 49.068 69.125 71.441
2651 40376 42428 49.872 69.009 76.543
\2.808 32.134 38242 49303 66.994 78.115 )

Axl = Datd®  MD := Data®  ID := Data\? TQ = Data” QT := Datd®  OD := Data™
R|p = regress(Axl, 1D, 3) RQT = regress(Axl1,QT,3)
Rop = regress(Axl,0D,3)
RMD = regress(Axl,MD, 3) RTQ := regress(AxI, TQ,3)
Developed by: Verified by:

J. 8. Bnhmadesam B. C. Gray



Entergy Operations Inc. Appendix C; Attachment 13 Engineering Report
Central Engineering Programs Page 6 of 11 M-EP-2003-004-00

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

RefPoint +¢q otherwise

ULgirs.Dist ~ UTip
20

UTip = FLCnte * <o Inegirs avg =

Sat Aug 09 10:59:39 AM 2003

Developed by:

Verified by:
J. 8. Brihmadesam

B. C. Gray
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PmpLength = 0477

Flaw Growth in Depth Direction

] 1 | ] ] I |
0.6 -
~—
=
(o]
£
< L -
= 0.4
[:*]
-
=
=
e
o 02 -
E .
59
0 ! ] | l | ] 1
0 0.5 1 1.5 2 25 3 35 4
Operating Time {years}
2 T T T | T T T
1.5 —
=
Q
RS
—— 1F —
=
on
j =l
Q
= 05 -
-
=
g
O 0
z
=
73
=05 .
-1 | ! | | | | 1
0 0.5 1 1.5 2 2.5 3 35 4
Operating Time {years}
Developed by: Verified by:

J. S. Brihmadesam B. C. Gray
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Verified by:
B C. Gray
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Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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CGRsambi(k’s) - CGRsambi(k’@ - CGRsambi(k,S) -
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
1.103 8.041 6.566
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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—o—— D Hoop Stress
80 - —=—— OD Hoop Stres

Com pl.ll’loll Zone
_.1.948" :

1 N . 2 o 3
Axial Distance From Nozzle Bottom {inch}

007

0.06 |

o

Q

@
L

o
2

Crack Depth {inch}

0.03

0.02 T T T T T

Operating Time {years}

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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05

Z 03

£

§

~§ 041

¢

% 0.1 1

3

503
-0.5 T T T T T

0 1 2 3 4

Operating Time {years}

e SIF Depth Point |
| —— SIF Surface Point |

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

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"29.1" Degree Nozzle, "0" Degree Azimuth,
1.544" above Nozzle Bottom

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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Input Data :-

esign.Operating -Pressure (interna

NUmberorOperating Years

Jieration imitfor.Crack (srowtn 1oop

od i t
Ry = - Rig = > t:= Ro -Ryq Ry =Rig+3 T1mOpr = Years-365-24
Tim Iy; R
) . 5 . opr n Iim L _'m
Cthr = 1.417-10 Cb“\ = —— Pmtblk = ? CO = E Rt = —t—'
lim
% ( ! )
1.103-10 3 | T+459.67 T 459.67
CO] = e ref ™t ) 0 Temperature Correction for Coefficient Alpha
Developed by: Verified by:

J. S. Brihmadesam B. C. Gray
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CO = COI 75 th percentile MRP-55 Revision 1

Stress Input Data

Engineering Report
M-EP-2003-004-00

AllData := -
0 0 -14.12 -10.61 8.6 -6.67 -4.57
! 0.59 -9 712 -5.97 -4.98 -3.96
2; 1.06 -2.28 -2.81 -3.53 -4.07 -4.39
‘3 1.44 8.13 5.39 2.03 -0.49 -2.55
4’ 1.74 14.35 12.4 8.32 462 -0.62
5 1.99 25.68 22.47 16.06 14.29 21.33
Q 2.18 41.45 35.84 33.39 497 55.56
s 2.34 52.64 448 4323 62.87 66.64
8 2.49 48.49 458 49.07 69.13 71.44
Q 2.65 40.38 42.43 49 87 69.01 76.54
10 2.81 32.13 38.24 493 66.99 78.11
11 2.96 24.6 34.87 46.68 60.59 69.07
AXLen := AllData’® ID 5 = AllData’” OD 4 := AllData®”
Stress Distribution
100 T T T T T T
— ID All 50 -
172}
_z‘_l —
w OD
g ------ l_\ 11
&
(1) 4
-50 [ | ] 1 l 1 i
0 0.5 1 1.5 2.5 35 4 4.5
Developed by: Verified by:
B. C. Gray

J. 8. Brihmadesam
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AXLen
Axial Elevation above Bottom [inch]

thatirepresentsithe;
e.compressive

e%' slectionint
ypegDataand

€Nt BIYDER

/059 —9.002 —7.115 —5.966 —4.979 —3.958\
1.062 —2.278 —2.811 —3.527 —4.069 —4.39

1.44 8.127 5389 2032 -—0.491 —2.546
1.744 14353 12404 8325 4616 —0.624
1.987 25.675 22473 16.062 14.285 21.33

2.181 41.453 35.841 33.389 49.701 55.565
2.338 52.639 44.805 43.227 62.866 66.642
2,495 48491 45.796 49.068 69.125 71.441
2.651 40.376 42428 49.872 69.009 76.543
2.808 32.134 38.242 49303 66.994 78.115 }

Data :=

Axl = Data<0> MD := Data<3> ID = Data(1> TQ = Data<4> QT = Data<2> OD = Da’(a(5>

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

Rpp := regress(Axl,MD, 3) RTQ = regress(Axl, TQ, 3)

FLCntr = Refp oint — €0 if Val = 1 Flaw center Location Location above Nozzle Bottom
RefPoint if Val=2
RefPoint + ¢ otherwise
. . ULsrs.Dist ~ UTip
UTip = FlLepet ¢ IncStrs.avg = 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. S. Brihmadesam

B. C. Gray
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B. C. Gray
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C 0%

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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0.8

0.7

0.6

0.5

0.4

0.3

Influence Coefficient {dimensionless}

0.2

0.1

Developed by:

Appendix C; Attachment 14

Page 8 of 11

Influence Coefficients - Flaw

0 0.5 1 - & = .
Operating time {years}

— "a" - Tip -- Uniform

............... " Tlp -- Linear

........ "a" - Tip -- Quadratic

__________ Tt — Tlp -- Cubic

—— "¢" - Tip -- Unifonm

............... "e' - Tlp -- Linear

........ "¢" - Tip -- Quadratic

.......... "¢" - Tip -- Cubic

J. S. Brihmadesam

Engineering Report
M-EP-2003-004-00

9
Verified by:
B. C. Gray
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CGRsambi(k, 8) = CGRsambi(k’ 6 = CGRsambi(k,s) =
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
0.827 1.816 1.384
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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ID Distribution

—=—— O D Distribution

-

1y s

0.5

o
(%}
'

o
-
L

Crack Growth - Depth Direction {inch}
b
1

5
w
1

05 T

Developed by:
J. 8. Brihmadesam

2
Operating Time (years}

Verified by:
B. C. Gray
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- Surface Point {"c"-tip} |
——— Depth Point {"a"- tip}

Stress Intensity Factor {ksi*in*0.5}

Operating Time {years}

Y4

Verified by:
B. C. Gray

Developed by:
J. S. Brihmadesam
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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

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"29.1"degree Nozzle, "0" Degree Azimuth 1.544 inch above Nozzle Bottom

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

Focation otiBlind Zoneiabove nozzle bottonp(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 1 \i|
103 \TH59.67 Toora59.67
Coi= e 1B 10 * N age Timopr := Years 36524

d id t
Ro:= 22— Rj:= l; t:= Ry — Rj Rm:=Rj+ -2- CFinhr = 1.417-1()5
Timy i L
Cplk = h e Pratp)k := 5—?- l:= -5
lim

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.

Datapj :=

AllAx] := DataA"<0>

AllID := Datap

bR 1

:0! 0 -14.12 -10.61 8.6 6.67 457
R 0.59 -9 712 -5.97 -4.98 -3.96
12 1.06 2.28 -2.81 -3.53 4.07 -4.39
3 1.44 8.13 5.39 2.03 -0.49 2.55
43 1.74 14.35 12.4 8.32 462 -0.62
1.99 25.68 22.47 16.06 14.29 21.33
2.18 41.45 35.84 33.39 49.7 55.56
2.34 52.64 44.8 43.23 62.87 66.64
2.49 48.49 45.8 49.07 69.13 71.44
9! 2.65 40.38 42.43 49.87 69.01 76.54
10 2.81 32.13 38.24 493 66.99 78.11
1 2.96 24.6 34.87 46.68 60.59 69.07

SV {5

AlNlOD := Dataa;

Developed by:

Verified by:
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100

~3
w

(¥
(=]

Stress [ksi]
¥)
wh

0.5 1

~— 1D Distribution
=== QD distribution

Axl:= Data(O)

RIp := regress(Axl, 1D, 3)

L5

2

25

Axial Distance above Bottom [inch]

(0.59
1.062
1.44
1.744
1.987
2.181
2.338
2.495
2.651
\ 2.808

-9.002
—2.278
8.127
14.353
25.675
41.453
52.639
48.491
40.376
32.134

{(»

ID := Data

=7.115
-2.811
5.389
12.404
22473
35.841
44.805
45.796
42.428
38.242

-4.979
-4.069
-0.491
4.616
14.285
49.701
62.866
69.125
69.009
66.994

OD := Data

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

3.5

&)

4.5

Developed by:

Verified by:
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FLeptr:= BZ - 1 Flaw Center above Nozzle Bottom

ULstrs.Dist — BZ

Incgyrs avg = 20

Sat Aug 09 11:44:49 AM 2003

Developed by:

Verified by:




Entergy Operations Inc.
Central Engineering Programs

Appendix C; Attachment 15
Page 6 of 10

Engineering Report
M-EP-2003-004-00

PropLength = 0.637

‘FlawLéngtﬂvS..Ti-mé»“f N

15

05|

. Flaw Growth -Axial {inch} . =~ -

=05
00 e 1

1SS 225003 T3S

TWCpusee . 1
PG, D

. Increase iﬁHalfLetigth

TRy T . T "()'peraﬁngTime {years} - o
.7 Entergy Model R S R

45

15

" Increase in length {inch) - 2 ,‘5‘

05

I Y

 Operating Time (Yearsy ..

2 s25 T 3 s

35 B

Developed by:

Verified by:
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Developed by: Verified by:
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TWprscc(j'& = TWprscc(jJ) = TWprscc(j’ 8) =
-1.354 4.553 1.674
-1.354 4.553 1.674
-1.354 4.553 1.674
-1.354 4.553 1.674
-1.354 4.553 1.674
-1.354 4.553 1.674
-1.354 4.553 1.674
-1.354 4.553 1.674
-1.354 4.553 1.674
-1.354 4.553 1.674
-1.354 4.553 1.674
-1.354 4553 1.674
-1.354 4.553 1.674
-1.354 4,553 1.674
-1.354 4.553 1.674
-1.354 4.553 1.674

Developed by: Verified by:
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Hoop Stress Plot
80
—o— |ID Hoop Stress
60
E‘
= 40 1
2 Top of Blind Zone
e
7]
g 20 v\
ax:
Bottom of Weld
0
-20
T T T T T
0 1 2 3 4
Distance from Nozzle Bottom {inch}
—— OD Surface SIF
——— ID Surface SIF
47 | —— Average SIF
iy
o
=
.'g‘
§ 27
8
=
B
s
=
@2
£ 07
%}
-2 T T T T
0 1 2 3 4
Operating Time {years}
Developed by: Verified by:
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06 -
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&
0.0
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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

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"29.1" Degree Nozzle, "180" Degree Azimuth,
1.544" above Nozzle Bottom

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

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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esigniOperating’Pressure;{infema
Number.of.OperatingiYea

teration imit:or;CrackiGrowthiloop

Estimate of,Operating il emperature

od id t )
Ry = - Riqg= - t:=R,—-Rjq R, =Rjg+ 5 Tlmopr = Years-365-24
Tim Iy R
. 5 . opr . lim _ L _'m
CFinhr = 1.417-10 Cblk = —Il_ Pmtb]k = —-5-0— Co = -2- Rt = —t—-
im

% (1 L)
L.103-10~3 | T+459.67 Tref+459'67)

COl =e 0o Temperature Correction for Coefficient Alpha

Developed by:

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

CO = Cy 75 th percentile MRP-55 Revision 1

AllData :=
0! 0 -7.86 -4.21 -2.26 -0.33 1.66
17 1.4 -7.37 -7.03 -7.47 -7.78 -7.78
2; 251 9.69 1.33 -9.45 -17.45 2377
i3 3.41 33.86 32.36 12.26 -12.43 255
4 413 52.72 49.98 443 16.3 -6.04
5} 47 58.42 51.45 44.99 43.35 4369
i6: 5.16 49.9 49.61 50.98 60.47 60.78
T 5.28 425 47.8 56.69 75.7 78.96
81 5.39 40.41 46.01 60.82 78.52 74.75
19: 5.51 38.57 45.68 61.29 795 77.41
AXLen := AllData(O> IDjy = AllData<I> ODjq = AllDatat<5>

tressiDistribution

i
0 }
7 ial [Elevation aboveBottom§[in
D Distribution;
areda (VD Distribution
Developed by: Verified by:
B. C. Gray

J. S. Brihmadesam
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(0 ~—7.856 —4.209 —2262 —0.333 1.664\
1395 —7.372 —7.026 —7.468 —7.776 —7.782
2513 9.689 1331 —9.445 —17.448 —23.769
3.408 33.861 32362 12257 —12.427 —25.502

Data :=
4,125 5272 49983 44295 16295 —6.038
47 58423 51.453 44992 43352 43.691
5.16 499 49.607 50983 60468 60.778
\5.277 42502 47.798 56.694 75.697 78.963 )
Axl := Data? MD := Data®  ID := Data\" TQ := Datd® QT = Datd®  OD := Data
Ryp := regress(Axl, 1D, 3) RQT := regress(Axl, QT, 3)

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

Rpmp = regress(Ax1,MD, 3) RTQ = regress(Ax1, TQ,3)

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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FLCntr = RefPoint - ¢y if Val=1 Flaw center Location above Nozzle Bottom
RefPoint if Val=2

RefPoint +¢g otherwise

UL ot — U
Strs.Dist Tip
-Urip = FLcnir + ¢ Incgyrs avg = 20

Sat Aug 09 10:59:39 AM 2003

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Operating Time {years} =
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o
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Developed by:
J. 8. Bnhmadesam

LSO 2 s
 Operating Time {years} .| .~

Engineering Report
M-EP-2003-004-00

Verified by:
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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CORsambi y ¢ = CORsambiy o = CORsambi, 5 =
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
1.103 -3.148 -2.818
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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Stress Intensity Factor {ksi*Inch*0.5}

&
2
.

Developed by:
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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

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"29.1" Degree Nozzle, "180" Degree Azimuth,
1.544" above Nozzle Bottom

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. Bnhmadesam B. C. Gray
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esign;Operating:Pressute;(interna

Number,of:Operatingsyear.

teration Jimit Jor;Crack'Growthiloog

stimate of;Operating sl empeératur

od id t .
R, = - Rjq = > t:=R,—Ry4 Ry, =Ry + > Tlmopr = Years-365-24
Tim Ij; R
. 5 . opr lim _ L _m
CFinhr = 1.417-10 Cblk = — Pmtblk = ——50 Co = '5 Rt =—
lim t
~% ( ! )
L103-10~3 | T+459.67 T .ft+459.67
COI =¢ ref* ) "0 Temperature Correction for Coefficient Alpha
Developed by: Verified by:

J. 8. Brfimadesam B. C. Gray
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CO = Cp 75 th percentile MRP-55 Revision 1

Stress Input Data

Appendix C; Attachment 17
Page 3 of 11

AllData = : —
0 0 -7.86 421 2.26 -0.33 1.66
1.4 -7.37 -7.03 -7.47 -7.78 -7.78

2.51 9.69 1.33 -9.45 -17.45 23.77
3.41 33.86 32.36 12.26 -12.43 255
4.13 52.72 49.98 443 16.3 -6.04
47 58.42 51.45 44 .99 43.35 43.69
‘ 5.16 499 49.61 50.98 6047 60.78
T 5.28 425 478 56.69 75.7 78.96
8 5.39 40.41 46.01 60.82 78.52 74.75
9, 5.51 38.57 4568 61.29 79.5 77.41

AXLen = AllData<0>

Stress Distribution

IDA" = AllData<l>

OD 4 = AllData®”

100 T T

Stress [ksi]

Developed by:
J. 8. Brihmadesam

Engineering Report
M-EP-2003-004-00

Verified by:
B. C. Gray
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AXLen
Axial Elevation above Bottom [inch]

(1395 —7.372 —7.026 —7.468 —7.776 —7.782 \
2513 9.689 1331 -—9.445 —17.448 —23.769
3.408 33.861 32362 12257 —12.427 —25.502
Data :=| 4.125 52.72 49983 44295 16295 —6.038
4.7 58423 51453 44992 43352 43.691
5.16 499 49,607 50983 60.468 60.778
\5.277 42502 47.798 56.694 75.697 78.963 }

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

Rip = regress(Axl, D, 3) RQT = regress(AxI1,QT,3)
Rqop = regress(Axl, 0D, 3)

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

FLC ntr = Refp oint — €0 if Val=1 Flaw center Location Location above Nozzle Bottom
RefPoint if Val= 2

RefPoint +¢g otherwise

ULgtrs.Dist ~ UTi
— - : P
UTip = Flcnir+ €0 Incgirs avg = 20

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Developed by:
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Influence Coefficients - Flaw

0 0.5 1 L5 2 25 -
Operating time {years}

—= Ml Tip-s Ubiifora

............... "a" - Tip -- Linear

........ "a" - Tip -- Quadratic

---------- "a" - Tip -- Cubic

— "¢" - Tip -- Uniform

............... el Tlp -- Linear

........ neh _ Tip -- Quadratic

Susiin Upeihi T]p -- Cubic

J. S. Brihmadesam

Engineering Report
M-EP-2003-004-00

Verified by:
B. C. Gray
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CGRsambi(k’ 8) = CGRsambi(k’ 6 = CGRsambi(k, 5) =
0.827 3878 ~2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
0.827 -3.878 -2.988
Developed by: Verified by:

J. S. Brihmadesam B. C. Gray
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Crack Growth - Depth Direction {inch}
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Developed by:
J. 8. Brihmadesam
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3.0 ——— Surface Point {"c"-tip} |
: ——— Depth Point {"a"- tip}

-3.2

-3.4

-3.6

Stress Intensity Factor {ksi*in*0.5}

-3.8

-4.0 T T T T

Operating Time {years}

Developed by:

Verified by:
J. S. Brihmadesam
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Entergy Operations Inc.
Page 1 0f 10

Central Engineering Programs

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

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"29.1"degree Nozzle, "180" Degree Azimuth 1.544 inch above Nozzle Bottom

Calculation Reference: MRP 75 th Percentile and Flaw Pressurized

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1. Throu g h Wa 1]

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

Verified by:

Developed by:




Entergy Operations Inc. Appendix C; Attachment 18 Engineering Report
Central Engineering Programs Page 2 of 10 M-EP-2003-004-00

Input Data :-

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

-Q 1 1 \
Coom o 1.103-10” 3 \ T+459.67 T r+459.67 )

Qe Timgpe := Years-365-24

d id
Ry := = Rj:= £ t:= Ry — Rj Rm==Rj+ L CFinhr:= 1417 105
2 2 2
Tim, L L
Chlk = — = Protpk = —5'31| =
lim

Developed by: Verified by:
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Entergy Operations Inc.
Central Engineering Programs

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

Datagj :=
0° 0 -7.86 4.21 -2.26 -0.33 1.66
RE 14 -7.37 -7.03 7.47 778 778
2 251 9.69 1.33 -9.45 17.45 -23.77
3 341 33.86 32.36 12.26 12.43 255
Py 413 52.72 49.98 443 16.3 -6.04
S 47 58.42 51.45 44.99 43.35 43.69
6! 5.16 499 4961 50.98 60.47 60.78
7 5.28 425 478 56.69 75.7 78.96
8 5.39 40.41 46.01 60.82 78.52 74.75
9 551 38.57 4568 61.29 795 77.41
AllAX] = Data)\® AIIID := Datag\ " AIIOD := Datap ">

Developed by:
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100
- ..‘-. ........... .'-...»-‘"
e 25| B - - -
2 s
ﬁ /
0 R — / .
» er, e, ., — e e .
25 | e T T SRR N
=50
3 0 1 2 3 4 5 6 7
Axial Distance above Bottom [inch]
— ID Distribution
- 0D distribution

(0 -7.856 —4.209 -2262 -0333  1.664
1395 —7.372 —7.026 —7.468 -7.776 -7.782
2513 9.689 1331 -9.445 —17.448 —23.769
3.408 33.861 32362 12.257 -12.427 —25.502
4.125 5272 49.983 44295 16295 -6.038
47 58423 51.453 44992 43352 43.691
516 499 49.607 50983 60.468 60.778
\5.277 42.502 47.798 56.694 75.697 78.963 )

Data :=

Axl:= Data(O) ID = Data(l) OD = Data( 9

Rip = regress(Axl, 1D, 3) Rop := regress(Axl,0D, 3)

Developed by: Verified by:
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FLCpir = BZ ~ |

Flaw Center above Nozzle Bottom

Incgtrs avg =

ULs;rs.Dist — BZ
20

Sat Aug 09 11:44:49 AM 2003

Developed by:
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Prop ength = 3.616

 Flaw Growth *Axdal {inch} | o

 Increase in length. {inchy . .

=05

'CD‘
W

1.5 :

L Flaw Length vs. Time o

05 1

‘Entergy Model

L5 < 2 25 3
SN TWC,,
pwscc(j'l)_, -

o Opéqéting Time {years} - o

Increase in Half Length

35

45

o K - l

" Operating Time {Years}) -

15 2 - 25 3.

35
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T"chwscc(j ,6) = Twcpwscc(j N = TWprscc(j 8) =
-5.647 -6.114 -5.954
-5.647 -6.114 -5.954
-5.647 -6.114 -5.954
-5.647 -6.114 -5.954
-5.647 -6.114 -5.954
-5.647 -6.114 -5.954
-5.647 -6.114 -5.854
-5.647 -6.114 -5.854
-5.647 -6.114 -5.954
-5.647 -6.114 -5.954
-5.647 -6.114 -5.954
-5.647 -6.114 -5.954
-5.647 . -6.114 -5.954
-5.647 -6.114 -5.954
-5.647 -6.114 -5.954
-5.647 -6.114 -5.954

Developed by: Verified by:
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Hoop Stress Plot

i —o— |D Hoop Stress
80 —a— OD Hoop Stress
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g
» \
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o
o
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] @
-40 T T T T T T T T
0 1 2 3 4 5 6 7
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—— OD Surface SIF
—— ID Surface SIF
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@
-y
£ 58
£
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°
& .59
=
2
2
=
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a
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(7]
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0.5

0.3

Growth In Length {inch}

-0.3 4

-0.5 T T T T T

Operating Time {years}
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