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Stress Corrosion Crack Growth Analysis Through-wall flaw

beveloped by Central Engineering Programs, Entergy Operations Inc.
0eveloped by: J. S. Brihmadesam Verified by: B. C. Gray

Note : Only for use when Routsid/t 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 -"49.7"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.
The correction is applied in the determination of the crack extension to
obtain the value in inch/hr.
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e i i Deat :- e eowremanscons antior S

Input Data

L := 0.25

, 7

-0.

Initial Crack Length TW axial Based on Stress Distribution. Bottom end of Crack
to be set @ approximately 1 Oksi.
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i : .103- 10 3 T+459.67 T,459 67 .

Co = e I rea)J cL Timlopr =Years-365-24

Ro:= od
2

id
R := -

2
t := Ro - R Rm = Ri +-

2
CFinhr:= 1.417-105

Cbk=Tirmopr
Ch k lim Prntblk:=5 I L

2
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Stress Distribution in the tube. The outside surface is the reference surface for all analysis in accordance with the reference.

191-re-ssn

DataAIl :=

t0 0 -19.26 -10.12 -4.18 0.96 6.11
1' 2.12 -5.73 -6.47 -6.39 -5.55 -4.56

2 3.82 17.6 15.21 -2.9 -18.5 -27.61

.3. 5.18 46.67 43.17 21.37 -23.74 -38.61

e.4 6.28 59.22 56.01 41.66 -5.65 -38.45

-'5 o7.15 60.41 57.07 52.14 37.52 13.39

.6 - 7.85 60.15 60.41 60.93 60.02 46.14

.7,: 8 64.31 66.29 72.43 77.91 61.8

.8 - 8.15 64.61 66.42 74.37 79.16 62.86

.9 - 8.3 64.71 67.27 75.08 78.64 67.33

10 8.45 63.83 67.56 76.55 77.75 69.87

11 8.6 64.07 68.26 76.29 82.56 71.21

AIIAxI:=Data AII0 AIIID:= DataAIl 1 AIIOD:=DataAII(5
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I

Data:=

0 -19.259

2.122 -5.733

3.823 17.602

5.185 46.67

6.276 59.222

7.15 60.408

7.851 60.147

8 64.307

8.15 64.615

8.299 64.71

8.449 63.827

8.598 64.066

8.748 65.836

8.897 67.546

9.047 68.524

-6.473 -6.392 -5.545 -4.564

15.215 -2.897 -18.501 -27.612

43.171 21.37 -23.742 -38.612

56.012 41.664 -5.652 -38.455

57.07 52.143 37.519 13.387

60.41 60.926 60.025 46.141

66.286 72.427 77.908 61.803

66.416 74.368 79.161 62.859

67.265 75.078 78.64 67.335

67.565 76.55 77.75 69.871

68.261 76.294 82.56 71.21

68.7 76.838 80.68 75.875

68.706 76.691 83.462 82.658

68.185 74.926 84.387 80.56

-10.122 -4.181 0.963 6.112 )

Axl:= Data ID:= Data (5)OD:=Data

RID:= regress(Axl,ID,3) ROD:= regress(Axl,OD,3)
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FLCntr:= BZ - I Flaw Center above Nozzle Bottom

ULStrsDist - BZ
JCStrs.avg := 20

o4Wc sen e U Dre b o tis Oin

M Sat Aug 09 11:44:49 AM 2003-
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ProPLength = 6.307

Flaw Length vs. Time
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TWCPXSCc(j 6) =

-4.701

-4.701

-4.701

-4.701

-4.701

-4.701

-4.701

-4.701

-4.701

-4.701

-4.701

-4.701

-4.701

-4.701

-4.701

-4.701

TWCPW SCC(j 7) =

-5.831

-5.831

-5.831

-5.831

-5.831

-5.831

-5.831

-5.831

-5.831

-5.831

-5.831

-5.831

-5.831

-5.831

-5.831

-5.83 1

TWCpwscc(j 8) =

-5.339

-5.339

-5.339

-5.339

-5.339

-5.339

-5.339

-5.339

-5.339

-5.339

-5.339

-5.339

-5.339

-5.339

-5.339

-5.339
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Hoop Stress Plot
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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 -'49.7" 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:- "RmIt" - 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
obtain the value in inch/hr.

ID Surface Flaw

own he Exce rec h e eld En eris nensi easured ozzlm, F S e
= lR~~~~~lm E~~~~o mJSI~RO

~rs. "it ozze xia' en o ess isn io ese eas asance ove0 -- .- ~1-f u-

Developed by:
J. S. Blihmadesam

Verified by:
B. C. Gray
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E=00,
15M4

InitiaRlaw en

Initial.FavhD e t~

urdesO

ur umera.O -e'ra in >: ears

Xte-ration 3imit ~or ¢rac @rowt h0'0
.9s-ima~ peo eratifeeru

rons~antin7 -R-F--wS CI -o-e-Fo-r-.~602 Woui-he'a atvtoEer rCaGow MR

neference, em era Lre: orF oarm ina Duatade

od
R. 2

id
Rd - t:= Ro-Rid

t
Rm : Rid+-2 Tirnopr :=Years-365-24

CFinhr := 1.417-105
Timopr

Cblk:= -
Ilim

PrntbIk = 50
L

Co := -
Rm

Rt :=-

[ Qg (__ _ 1
.1903-10- i T+459.7 ~Tref+ 459 .6 7 ) T

Co I := e .01C Temperature Correction for Coefficient Alpha

Developed by:
J. S. Brihmadesam

Verifed by:
B. C. Gray
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Co = CoI 75 th percentile MRP-55 Revision 1

tress1np a

AllData :=
_0 2 3 5

;0o 19.02 9.58 3.37 -2.08 -7.96
6-1 ' 1.35 4.88 -0.01 -3.32 -6.54 -9.39

2 2.43 4.12 -0.78 -2.08 -2.21 -2.99

-3 3.29 11.59 9.74 9.09 5.5 1.99

4 3.99 15.7 11.01 11.9 12.48 10.55

5 4.54 1 3.69 8.87 18.84 26.6
-6;* 4.99 -19.25 -7.47 4.61 28 35.85

5.16 -28.8 -16.47 1.4 28.03 40.15

5.33 -31.34 -20.97 -0.5 28.53 38.49

9 5.5 -32.98 -22.94 -2.56 28.32 38

10 5.68 -34.3 -23.31 -2.31 25.93 41.38

AXLen:= AllData(O) - IDA 1 f:= A1lDataK') ODA U:= AllData(5)

Developed by:
J. S. Brihmadesam

Verified by.
B. C. Gray
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serving t tnbu
'1Tu-t1q-n-s-Tth-dt

Me Homianumigh.1wh-
lb Ypop-
nous 1 10

e eq
5re 1 =,rhaffixL-�n d

MMWiffy-n-67

Data :=

0

1.348

2.427

3.292

3.985

4.54

4.985

5.158

19.022 9.579

4.884 -0.011

4.116 -0.784

11.593 9.74

15.695 11.005

0.999 3.689

-19.249 -7.467

-28.802 -16.466

3.372

-3.322

-2.075

9.093

11.902

8.873

4.613

1.395

-2.08 -7.96 )

-6.536 -9.387

-2.213 -2.987

5.504 1.989

12.478 10.549

18.835 26.599

28.003 35.847

28.031 40.149 )

Ax] := Data(°) MD := Data(3) ID = Data(l) TQ := Data(4) QT := Data(2) OD :=Data(5)

RID := regress(Axl,ID,3) RQT:= regress(Axl,QT,3)

ROD := regress(Axl,OD, 3)

RMD := regress(AxI,MD,3) RTQ:= regress(AxI,TQ,3)

Developed by:
J. S. Blihmadesam

Venrfed by:
B. C. Gray
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FLCntr = RefPo in t - CO if Val =

RefPo in t if Val = 2

RefPoint + CO otherwise

Flaw center Location above Nozzle Bottom

UTip = FLCntr + CO
ULStrs.Dist - UTip

IfnCStrs.avg = 20

o ser n is e-ire e on his oOn

M Sat Aug 09 10:59:39 AM 2003

Developed by:
J. S. Blihmadesam

Verified by:
B. C. Gray
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ProPLen-th = 3.281

Flaw Growth in Depth Direction
I I I I I I I
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1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103
1.103
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CGRsambi(k 6)

1.478

1.478

1.478

1.478

1.478

1.478

1.478

1.478

1.478

1.478

1.478

1.478

1.478

1.478

1.478

1.478

CGRsambi(k 5)

0.97

0.97

0.97

0.97
0.97
0.97

0.97

0.97

0.97

0.97

0.97

0.97

0.97

0.97

0.97

0.97

0.97

Developed by:
J. S. Brihmadesam

Verified by:
B. C. Gray
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05-
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TI-

U -0.31

c)-0.3

0 1 2

Operafing Time (years)
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Verified by.
B. C. Gray

CO C) 5



Entergy Opera tions Inc
Central Engineering Programs

Appendix C; Attachment 29
Page 1 of 11

Engineering Report
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 -"49.7" 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:- "Rm/t" -- 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

obtain the value in inch/hr.

OD Surface Flaw

e olnt -�

t~nfer rnevDeer` Lett ress 1sr urnlsen or enas

Developed by:
J. S. Brihmadesam

Verified by:
B. C. Gray
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Input Data

~O3 nii lwe
fn-itia aw

Pesig-n ~era in- Pres-sure in emnal

mq dYfb-era 0, fferafingf!I.ears

'~~15O ~~ teration 'imit-. r~Crac Gro ih 00f

tTmatef Feratin emperatur

hferma Cactivatic-nerlor. Gra-cGro h RP

: ~ ~~~~~ Reere-nbeem ea ire for no-ra izins-Data esF

R od R id t:= R Ri R :=Ri +- Tim :=Years-365-24
2 ~~~id - o-i m 2d+ opr

Timopr 'Jim L Rm
CFinhr 1.417105im Prntblk 50 | C:

1 .103 10 T+45967 Tref+459.67)j
Co] e 0Oc Temperature Correction for Coefficient Alpha
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J. S. Bnihmadesam B. C. Gray
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Co = CoI 75 th percentile MRP-55 Revision 1

Stress Input Data

AllData :=

0 19.02 9.58 3.37 -2.08 -7.96
:1x 1.35 4.88 -0.01 -3.32 -6.54 -9.39

2 2.43 4.12 -0.78 -2.08 -2.21 -2.99

-3 3.29 11.59 9.74 9.09 5.5 1.99

94 3.99 15.7 11.01 11.9 12.48 10.55

5 4.54 1 3.69 8.87 18.84 26.6

6- 4.99 -19.25 -7.47 4.61 28 35.85

+7 5.16 -28.8 -16.47 1.4 28.03 40.15

8: 5.33 -31.34 -20.97 -0.5 28.53 38.49

:92 5.5 -32.98 -22.94 -2.56 28.32 38

AXLen := AllData(0) ID := AllData( 1)All OD := AllData (5)All

Stress Distribution
60

40

(.

IDAII

ODAII
_ .---

20

0

-20_

-40 -

0 1 2 3 4 5 6 7 8

Developed by:
J. S Brihmadnsam

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

Data :=

0

1.348

2.427

3.292

3.985

4.54

4.985

5.158

19.022

4.884

4.116

11.593

15.695

0.999

-19.249

-28.802

9.579

-0.011

-0.784

9.74

11.005

3.689

-7.467

-16.466

3.372

-3.322

-2.075

9.093

11.902

8.873

4.613

1.395

-2.08

-6.536

-2.213

5.504

12.478

18.835

28.003

28.031

-7.96 )

-9.387

-2.987

1.989

10.549

26.599

35.847

40.149 )

Axl := Data(0) MD:= Data ID := Data() TQ := Data(4) QT .= Data(2) OD :=Data(5)

RID := regress(Axl,ID,3) RQT:= regress(Axl, QT, 3)

ROD := regress(Axl,OD,3)

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

FLCntr RefPo i nt -c 0 if Val I Flaw center Location Location above Nozzle Bottom

RefPoint if Val = 2

RefPoint + c0 otherwise

ULStrs.Dist - UTip
UTip FLCntr+C 0 IncStrsav 20

Developed by:
J. S. Blihmadesam

Verified by-
B. C. Gray
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ProLength 3.281

Developed by:
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Influence Coefficients - Flaw

0.8

0.7

-~0.6

0 7

.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~0.5

° 4 ------ --------- ----- - --------- --- - ------------ -- --- ------ --- - ------ -- -~ ~ ----------------------- ----------- -- - -- - - -----.4- ------- ------- -----------F ---

0.3

0.2

0 .1 -.... . .. - .. ................. .- --------I---- --I- --- ---- ---

-------- -------------------------------------- ----------- -- -- --T--- -

0
0 0.5 1 1.5 2 2.5 3 3.5 4

Operating time {years}
"a" - Tip-- Uniform

....... Ia" - Tip -- Linear
-------- "a" - Tip -- Quadratic

Ila" - Tip -- Cubic
"c" - Tip -- Uniform
"c' - Tip -- Linear

----- t- tc" - Tip -- Quadratic
f"c" - Tip -- Cubic

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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CGRsambi
(k,8)

0.827

0.827

0.827

0.827

0.827

0.827

0.827

0.827

0.827

0.827

0.827

0.827

0.827

0.827

0.827

10.827

CGRsambi
(k, 6)

-2.531

-2.531

-2.531

-2.531

-2.531

-2.531

-2.531

-2.531

-2.531
-2.531

-2.531

-2.531

-2.531

-2.531

-2.531

1-2.531

CGRsambi 5)

-1.72

-1.72

-1.72

-1.72

-1.72

-1.72

-1.72

-1.72

-1.72

-1.72

-1.72

-1.72

-1.72

-1.72
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J. S. Brihmadesam

Verified by:
B. C. Gray
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0 1 2 3 .4 -:: 5
Distance from Nozzle Bottom {Inches}

2 3
Operatng Time {yearsj

Developed by:
J. S. Bnhmadesam
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-Surtce Point {C"-tp)
-_ Depth Point (at tip)

1 20

to

i? -2.2 -

I

2g -2.4-

-2.6

0 1 2
Operating Time (yearns)

3 4

Developed by:
J. S. Brihmadesam

Verified by.
B. C. Gray -
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Stress Corrosion Crack Growth Analysis Through-wall flaw

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

Note: Only for use when R0 Utd/t 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 -"49.7"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
obtain the value in inch/hr.

Through Wall
Axial Flaw

eeee -S

Jst� ,s.�
Iave ~ozz Ie ,bdto '-M

IDeveloped by Verified by I
Developed by: Verified by:



Entergy Operations Inc.
Central Engineering Programs

Appendix C; Attachment 30
Page 2 of 10

Engineering Report
M-EP-2003-004-00

__he _ Hhlgjhted-Entriesbelow remainsconstant fo!r VSES-3ashould notbe ch
Input Data :

L := 0.25 Initial Crack Length TW axial Based on Stress Distribution. Bottom end of Crack
to be set @ approximately 1 Oksi.

d -4470

di .72

RIKi~22

ube 0

Pesi~n'O'er'atin Pre'ss-ure interal

Furero M00erain9ea

esationf imit or Fracj Grofm 00af

o }iEssnra0 0

_onstantin t R P CC, o: e for 00' ro 1 6 e i,

Referenceepeaurfrnrahiq-t-d

[ -Qg ( I

1.103 10 3 1+459.67 Tref+459.67)I
Co:= e -aEoc Tiln-opr:= Years 365 24

R.:= od
2

idRi: - t := Ro -Ri Rm:= R + - CFinhr:= 1.417-10 5

Cblk: i~p
'urn

lirni
Prntblk := 15 I = L

2

IDeveloped by.- Verified by: I
Developed by: Venfied 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.

tress n U at

DataAll :-

767 -0 19.02 9.58 3.37 -2.08 -7.96

>1 a 1.35 4.88 -0.01 -3.32 -6.54 -9.39

2 2.43 4.12 -0.78 -2.08 -2.21 -2.99

.3 3.29 11.59 9.74 9.09 5.5 1.99

A4 3.99 15.7 11.01 11.9 12.48 10.55

:5' 4.54 1 3.69 8.87 18.84 26.6

6- 4.99 -19.25 -7.47 4.61 28 35.85

.7 5.16 -28.8 -16.47 1.4 28.03 40.15

8 5.33 -31.34 -20.97 -0.5 28.53 38.49

'9 5.5 -32.98 -22.94 -2.56 28.32 38

AllAxI:= DataA l 0 AIIID:= DataAll AIIOD = DataAll 5

IDeveloped by: Verified by I

Developed by: Verified by:
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60

43.33

.!a

26.67

1- 0

-6.67

-23.33

-40 _-

0 1 2 3 4 5 6 7
Axial Distance above Bottom [inch]

ID Distribution
- ... OD distribution

8

~i67df~nere hisee bensone es eiall eritilqton ataearcmrsie
;trss he.ozze otomn hgh ensle$resestthe~j:W ocaonCptheecinnte

i ove able d ofrt e Dat~s a ement ow n deleit froMM heeiaeu "aa d

Data:=

0 19.022

1.348 4.884

2.427 4.116

3.292 11.593

3.985 15.695

4.54 0.999

4.985 -19.249

5.158 -28.802

9.579

-0.011

-0.784

9.74

11.005

3.689

-7.467

-16.466

3.372

-3.322

-2.075

9.093

11.902

8.873

4.613

1.395

-2.08 -7.96 )

-6.536 -9.387

-2.213 -2.987

5.504 1.989

12.478 10.549

18.835 26.599

28.003 35.847

28.031 40.149)

Axl:= Data ID:= Data
(5:OD:=Data

RID := regress(Axl,ID,3) ROD:= regress(Axl,OD,3)

Developed by: Verified by:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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FLCntr:= BZ - I Flaw Center above Nozzle Bottom

UtLStrs.Dist - BZ
lncStrs.avg := 20

No-lu-i-se-Em MM lb-e-y-offi-d ItKi -s'TR-5jjjn-f1

Sat Aug 09 11:44:49 AM

IDeveloped by-- Venfied by I
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PropLength = 3.441

Flaw Length vs. Time

I .5-_1.5 1

r-

.x TWCPWSC
i j 3

0

1

0.5

0

-0.5
CI 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

TWCPWSCC( I )

Operating Time (years}
Entergy Model

2

C)

C)

to

Uz

1.5

0.5

Increase in Half Length

i

I _ _ _ _ _ _ _ _ _ _ _ _ I II _

0
0 0.5 I 1.5 2 2.5 3 3.5 4

Operating Time (Years)

IDeveloped by: Verified by:
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TWCPWsCC 6)

-3.734

-3.734

-3.734

-3.734

-3.734

-3.734

-3.734

-3.734

-3.734

-3.734

-3.734

-3.734

-3.734

-3.734
-3.734

-3.734

TWCP%%scc

1.509

1.509

1.509

1.509

1.509

1.509

1.509

1.509

1.509

1.509

1.509

1.509

1.509

1.509

1.509

1.509

TWCpWSCc 8)

-1.076

-1.076

-1.076

-1.076

-1.076

-1.076

-1.076

-1.076

-1.076

-1.076

-1.076

-1.076

-1.076

-1.076

-1.076

-1.076

IDeveloped by. Verified by. I
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H oop S tress P lot

30

I
2!CD

S -I 0

-3 0

-50

0

1 -

-2

i7d
( 0

3

45

2 3 4 5 6 7
Distance from Nozzle Sottom (inch)

0 D Su rfa ce S IF
ID S u rfa ce S IF
A v era g e S IF

0 1 2
O peara tin g T imea {yeaars})

3 4

De eoeiy 
Vrfe y
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0 2
OperaingTime (years)

I
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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-1 1707; 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 -"49.7" 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:- "Rmlt" -- 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
obtain the value in inch/hr.

ID Surface Flaw

e~~

e nueoi s UpeLim oreeoowhhheo m
ho onheExel ea ef ed a E r isdm ens eaue zl o A b/

rs.Dis
pb era Ia- e 1 es sr o 0 e s n e n I ial Tist ance o

ozze o o~~~~~~~~~~~~~awiiiia

Developed by.
J. S. Brihmadesam

Verified by:
B. C. Gray
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~~~~~6 2~~~~~~~

odIRZ :#1.o

,d ~7

Ajj_;2.2

9g777"1

OW-MMM

nitiaiFlaw Len

Initial aw uetn

ulbe 0D

6esiq, 'eratin PfressUre (infernal)

Urfnb "ero0eatin e ar

Itera ion i Wor rac Gro lp

sbim'aMe0o70era ingem eratur

[ferm-a 'activationi'Enierq or.Crac aGrowthJ MRRy

e erence- em erature-or nornaMlzCnData de

od
0* =

id
Rid: 2:; t:= Ro-Rid

i
IM:Rid I Timopr := Years-365*24

CFinhr I= .417.105
Timopr

CbIk = -r
Ilim

1=im
Prntb~k := 50

L
Co := 2

Rm
Rt :=-

- ( T+459.67-1.103- 10 3 tT496 ref+459,67 )
CO l :=e .cIOC Temperature Correction for Coefficient Alpha

Developed by.V
J. S. Bnhmadesam

Verified by.-
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Co0 = CoI 75 th percentile MRP-55 Revision 1

tres n

AllData :=

0; 0 19.02 9.58 3.37 -2.08 -7.96

21 is 1.35 4.88 -0.01 -3.32 -6.54 -9.39

2 2.43 4.12 -0.78 -2.08 -2.21 -2.99

:3; 3.29 11.59 9.74 9.09 5.5 1.99

4 3.99 15.7 11.01 11.9 12.48 10.55

Z5 4.54 1 3.69 8.87 18.84 26.6

'6 4.99 -19.25 -7.47 4.61 28 35.85

76 5.16 -28.8 -16.47 1.4 28.03 40.15

8 5.33 -31.34 -20.97 -0.5 28.53 38.49

'9 5.5 -32.98 -22.94 -2.56 28.32 38

10 5.68 -34.3 -23.31 -2.31 25.93 41.38

AXLen := AllData(O) IDA , := AllData(i) ODA I:= AllData(5)

Developed by.
J. S. Bnhmadesam

Verified by.
B. C. Gray
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B~~~ffisliswl[c

ata aemeit~bhigli ti en r e arxn eee I omt e, e neuboveitafle capresent bog ahe ealon uolbese he as ed k tion i rh e foostll ar or set he In election.

Data :=

0

1.348

2.427

3.292

3.985

4.54

4.985

5.158

19.022

4.884

4.116

11.593

15.695

0.999

-19.249

-28.802

9.579

-0.011

-0.784

9.74

11.005

3.689

-7.467

-16.466

3.372

-3.322

-2.075

9.093

11.902

8.873

4.613

1.395

-2.08

-6.536

-2.213

5.504

12.478

18.835

28.003

28.031

-7.96

-9.387

-2.987

1.989

10.549

26.599

35.847

40.149)

AxI := Data(°) MD:= Data ID := Data( ) TQ := Data(4) QT := Data 2) OD :=Data(5)

RID := regress(Axl,ID,3) RQT:= regress(Axl,QT,3)

ROD := regress(Axl,OD,3)

RMD := regress(AxI,MD,3) RTQ := regress(Axl,TQ,3)
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J. S. Brihmadesam

Verified by:
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FLCntr = RefPoint -c O if Val =

RefPoint if Val 2

RefPoint + cO otherwise

UTip := FLCntr + Co

Flaw center Location above Nozzle Bottom

ULStrs.Dist - UTip
IflcStrs avg 20

o ier e s e uire-be on this Point

ffi Sat Aug 09 10:59:39 AM 2003
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ProPkength = 3.88

Flaw Growth in Depth Direction

0.6

0
r-

CL
u
0

0

0

IZ

0.4

0.2

O "
0 0.5 1 1.5 2 2.5 3 3.5 4

Operating Time {years}

2

1.5 I

uC

01)CQ)
-3

50S-
0
M

l

0.5 1

I I I I I I

I I I I I I I

0

-0.5

-1I
o 0.5 I 1.5 2 2.5 3 3.5 4

Operating Time {years}
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CGRsambi(k 8)

1.103|
1.103
1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103

1.103
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CGRsambi 6)

4.029
4.029

4.029

4.029

4.029

4.029

4.029

4.029

4.029

4.029

4.029

4.029

4.029

4.029

4.029

4.029

CGRsambi

3

3

3

3

3
3

3

3

3

3

3

3

3

3

3

3
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H 7o P s ti.~~~~~~~~~~~~~~~~iti~

~~~~~~~~~~~~7 ~ ~ ~ ~ ~ ~ ~ ~ 57

Ii~slta ncea "From Nozl BotIto m,(nh

Depth Growth
0.06

c 0.05

i>2 0.04

0.03

flfl�5±

0 1 2
Operating Tire (years)

3 4
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05

c03

,' 0.1 -

5- -

t

(1-03 -

-0.5

r

Length Growth

+

l l l
0o 1 2

Operating Time (years)
3 4

4.0

. 3.8

38

03-

32

C.9

. 3.40

i; 3.2

3.0

0 1 2
Operatng Time {years}

3 4
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