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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 -"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:- "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.
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Co:= CoI 75 th percentile MRP-55 Revision 1

Stress n Uat

AllData :=
-0 S 3 -1 o 4-ff2 

.0 0 -6.55 -6.46 -6.9 -7.26 -7.48
1t 0.78 -5.99 -7.03 -8.21 -9.34 -10.21

:2 1.4 7.51 2.45 -2.97 -5.77 -7.28
3, 1.9 26.16 22.72 15.76 8.38 0.04

4! 2.3 40.1 35.77 28.93 20.4 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

71 3.06 32.81 34.63 39.4 53.17 67.33

3.24 24.58 30.97 39.99 55.65 68.71

9l 3.42 20.31 28.18 39.86 54.12 66.02

AXLen:= AllData(0) IDA := AlIData(I) ODAI1 := AllData(5)
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Data :=

0.777 -5.985 -7.029

1.399 7.507 2.446

1.898 26.16 22.721

2.297 40.097 35.774

2.617 46.142 38.476

2.873 42.475 39.105

3.056 32.813 34.635

3.238 24.577 30.972

-8.206 -9.34 -10.214)

-2.972 -5.766 -7.284

15.759 8.375 0.041

28.929 20.399 11.338

32.974 32.389 38.226

37.898 47.325 58.408

39.401 53.167 67.334

39.991 55.653 68.712 )

Axi := Data(°) MD := Data(3) ID := Data(') (4)TQ :=Data QT := Data(2) OD: Data.(5)

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

ROD := regress(Axi, OD, 3)

RMD := regress(Axl, MD,3) RTQ:= regress(AxlTQ,3)
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FLCntr = Refpoint-cO if Val = I

RefPo in t if Val = 2

RefPoint + cO otherwise

Flaw center Location above Nozzle Bottom

UTip := FLCntr + CO InCStrs.avg =
ULStrs.Dist - Tip
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ProPLength = 1.169

Flaw Growth in Depth Direction
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CGRsambi
(k, 6)

6.688
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5.54

5.54

5.54

5.54

5.54

5.54

5.54

5.54

5.54

5.54

5.54

5.54

5.54

Developed by:
J. S. Brihmadesam

Verified by:
B. C. Gray



Eittergy Operationis Ic.
Cettra I Egineering Programs

Appendix C; Attachment 10
Page 10of 11

Engineering Report
M-EP-2003-004-00

------- I Hoop ' S tre:s . -

0 : H 0 o p S t r:e s s .

260

IP , O s LS- . . .... .sv ..

-~~~~~~~~~ . . . .. i .d .. . .t* . -5 -S ,' C~~~~To o mr Iod n SV

,:,L ''.0 >,. .' 1- : -' ' ' 'A x 1a I D is {a n e F ro m -N e z z le -B o tto m t .{in c h } >. , ~ --20 f ' ' ' : ' ' ' ' . : -. -

taIDlot a n ce Fromr Noz zle Bottom {In ch)t

0.0

0.06

c 0.05

8
e 0.04

0.03

onn- J _ _ _ _ _ _ _ _ 

0 1 2

Operating Time years)
3 4

Developed by:
J. S. Brihmadesam

Venrifed by:
8. C. Gray



Entergy Operations Inc.
Central Engineering Programs

Appendix C; Attachment 10
Page 11 of 11

Engineering Report
M-EP-2003-004-00

0.5

c 0.3 -

Te

,I

o 0.1 -

i -0.5

-05

0 1 2
Operating Time years)

3 4

161

61

I-ii
Ci 57

5,5

I|::- SIF DepPont
= rSF ufaePint 

. .; ; . ... .... .. ..... ... , . ; ..... .. i . . .. : .

0 1 2
Operating ime (years

i

3 4

Developed by:
J S. Brihmadesam

Verified by:
B. C. Gray

CO _--



Entergy Operations Inc
Central Engineering Programs

Appendix C; Attachment 11
Page 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 -"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:- "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
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Co= Col 75 th percentile MRP-55 Revision 1

Stress Input Data

AllData :=

0. 0 -6.55 -6.46 -6.9 -7.26 -7.48

,1' 0.78 -5.99 -7.03 -8.21 -9.34 -10.21

2' 1.4 7.51 2.45 -2.97 -5.77 -7.28

3i 1.9 26.16 22.72 15.76 8.38 0.04

54 2.3 40.1 35.77 28.93 20.4 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

93.42 20.31 28.18 39.86 54.12 66.02

AXLen:= AllData() ID~g := AllData(l) ODA~ := AllData (5)

Stress Distribution
80

-'I_

En
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IDAII

ODAN

-20 
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AXLen
Axial Elevation above Bottom [inch]

ttress trither ozz e-horom'and igh-:ensile sresses t e - eld ocaion. Cop the elecion 'n the
ase bol -

Data :=

0.777 -5.985 -7.029 -8.206

1.399 7.507 2.446 -2.972

1.898 26.16 22.721 15.759

2.297 40.097 35.774 28.929

2.617 46.142 38.476 32.974

2.873 42.475 39.105 37.898

3.056 32.813 34.635 39.401

3.238 24.577 30.972 39.991

-9.34 -10.214)

-5.766 -7.284

8.375 0.041

20.399 11.338

32.389 38.226

47.325 58.408

53.167 67.334

55.653 68.712 )

Axl := Data(°) MD:= Data(3) ID := Data( ) TQ := Data(4) QT = Data(2) OD: Data(5)

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

ROD := regress(Axl,OD,3)

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

FLCntr RefPoint - c0 if Val = I Flaw center Location Location above Nozzle Bottom

RefPoint if Val = 2

RefPoint + c0 otherwise

UTip := FLCntr + co Ilncstrs avg.
ULStrs.Dist - UTip

20
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ProPLength = 1.169
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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

0.827

CGRsambi
(k, 6)

-2.876

-2.876

-2.876

-2.876

-2.876

-2.876

-2.876

-2.876

-2.876

-2.876

-2.876

-2.876

-2.876

-2.876

-2.876

-2.876

CGRsambi
k,5)

-1.693
-1.693

-1.693

-1.693

-1.693

-1.693

-1.693

-1.693

-1.693

-1.693

-1.693

-1.693

-1.693

-1.693

-1.693

-1.693
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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 Routjid/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 -"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
obtain the value in inch/hr.

Through Wall
Axial Flaw

iot ond B [i e d2 zze bottTbincVh=i

e enaon lls n s h p m oevafiom . h/c is e amuftei le we! e is s

a wnon tleecel read shePswlRaa ie i m oesrdr kaaeO

1st> �87 o16ve nozzi o ami [UI o
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ie'WigflghtedEntries Jelow remains consta-nt 0oi. WSES-3 'and should not be langEd

Input Data :

L = 0.25

*d =m2720

,= 60

rYefrs< 61f

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

es6i era d~iin Pressudre i tm'

E' U m be potL0 p erat~n in rears

Iteration ihmit orrac1rowt 0

PstimnatsFlrating 'eFr.0

oissonsrai io .6 00~

ronsan In"M R PPWSCM oMelfor dOOL routt : 6 7K ea

TKmrmaac ivat-n Fnrormra ro R

Fe erence7 emerat ure or orma izin Data des

C0 03 1 e Trnf-459.67)J
Co:= e a~~~~~0c Tim~hpr := Years-365-24

od id
R;i:= -

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

2
CFinhr:= 1.41710

Cbk=Tiflopr
Cblk

'lir:
Prntblk -=15 

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.

I tr ess l"n UtIatI

DataAll :=
A.I 3 . , gt .3 f 0 

,0 0 -6.55 -6.46 -6.9 -7.26 -7.48
1< 0.78 -5.99 -7.03 -8.21 -9.34 -10.21

2 1.4 7.51 2.45 -2.97 -5.77 -7.28
3 1.9 26.16 22.72 15.76 8.38 0.04

:4 2.3 40.1 35.77 28.93 20.4 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

AllAxl:= DataA l 0 AIIID:= DataAll) (5)AIIOD:=~ DataAll

Developed by: 
Verified by:
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ID Distribution

. -OD distribution
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Iastes ob

Data:=

0.777

1.399

1.898

2.297

2.617

2.873

3.056

3.238

-5.985

7.507

26.16

40.097

46.142

42.475

32.813

24.577

-7.029

2.446

22.721

35.774

38.476

39.105

34.635

30.972

-8.206

-2.972

15.759

28.929

32.974

37.898

39.401

39.991

-9.34

-5.766

8.375

20.399

32.389

47.325

53.167

55.653

-10.214)

-7.284

0.041

11.338

38.226

58.408

67.334

68.712 )

(o)
Axli Data

(I)
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

ULStrs.Dist - BZ
IncStrs-avg : 20

Mose ere ON 

6 Sat Aug 09 11:44:49 AM 2003
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ProPLength = 1.329
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TWCPwvSCC .6)

-5.54

-5.54

-5.54

-5.54

-5.54

-5.54

-5.54

-5.54

-5.54

-5.54

-5.54

-5.54

-5.54

-5.54

-5.54

-5.54

TWCPWSCC .7)

5.676

5.676

5.676

5.676

5.676

5.676

5.676

5.676

5.676

5.676

5.676

5.676

5.676

5.676

5.676

5.676

TWCPWSCC .8)

0.175

0.175

0.175

0.175

0.175

0.175

0.175

0.175

0.175

0.175

0.175

0.175

0.175

0.175

0.175

0.175
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Hoop Stress Plot
l

|ID HoopStres
| =f OD Hoop Stress 60

g 40

2

820 

Top of d Zur `4: '
Do-'V

0-I

;' 4

-g 2

t

a 

-4

-z o - _ _ _ _ _ _ , ,_ _ _ _

0 1 2 3 4
Distnce fron Nozzle Botom finch)

5_-_OD Surface SIF
ID Surface SIF

- Average SIF
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Operating Time (eats)
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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, O" 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

Qint

* e tip Below is the er mi for he eibl e

RI . i. _- __ - - --- ---. - -- .- �. � -- - . - � -- _. __ __
= p e iai~~~xrnuror tresslulsirlputlonw oDeuseu eeaiiss~~iiiwcuv

Developed by:
J. S. Bnihmadesam

Verified by.
B. C. Gray
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FE.=i

, Jr--, i
5 E~~~~~~~1

V-T*'S

ntia Flaw L-e'ngtH

nitiaFliDePI

uE

llu~e

Ls ima C era n em r;(nera

Irfi'ermal.:c7te!iv ti'Eef6gtfor'.a 0k-RjowhM RP
Ee ereicmperature' or-norma zin^ atadde-.Z

R := od id
Rid:= T t:= R-Rid

t
RM:=Rid+ - Timopr := Years-365-24

CFinhr :=1.417-105
Timopr

Cblk = -
Ilim

Ilim
Prntblk = 50

L Rm
Rt :=-

[ -Qg ( II 
L L.103 10 3+459.67 Tref+459.67

C 0 1 e )] a0c Temperature Correction for Coefficient Alpha

Developed byV
J. S. Bnhmadesam

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

tres n b a

AllData :=
.~~~~~~ :,-' ^ *-3, ¢ ;2-%':3

0' 0 -14.12 -10.61 -8.6 -6.67 -4.57

1.S 0.59 -9 -7.12 -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

r4 * 1.74 14.35 12.4 8.32 4.62 -0.62

25 1.99 25.68 22.47 16.06 14.29 21.33

6- 2.18 41.45 35.84 33.39 49.7 55.56

2.34 52.64 44.8 43.23 62.87 66.64

8 2.49 48.49 45.8 49.07 69.13 71.44

L9r' 2.65 40.38 42.43 49.87 69.01 76.54

10 2.81 32.13 38.24 49.3 66.99 78.11

11 2.96 24.6 34.87 46.68 60.59 69.07

AXLen := AlIData(O) IDAII := AI1Data(') ODAII := AllData()

Developed by:
J. S. Brihmadesam

Verified by:
B. C. Gray
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,Ssi Xl_- fi ._ g 

:~~~~~~~~~~~~~~~~~~~~ r-slir I
F b_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

aelow. ~~~ 't-h~iho~h~aasaee 1-0fo -ihin~n !Ntrlarxadalt if fr h dt menu.a
a~~~~~~~ §lgt2he~n in-R,_bF*_~ _Zfih 6I/hen E!2~~~war Mlhanu~smo~~e I~uere.ar Tlnc f n rhe t KEuf Tl afoiar~te _.ctlr

Data :=

0 -14.124 -10.614

0.59 -9.002 -7.115

1.062 -2.278 -2.811

1.44 8.127 5.389

1.744 14.353 12.404

1.987 25.675 22.473

2.181 41.453 35.841

2.338 52.639 44.805

2.495 48.491 45.796

2.651 40.376 42.428

2.808 32.134 38.242

-8.602 -6.672 -4.573)

-5.966 -4.979 -3.958

-3.527 -4.069 -4.39

2.032 -0.491 -2.546

8.325 4.616 -0.624

16.062 14.285 21.33

33.389 49.701 55.565

43.227 62.866 66.642

49.068 69.125 71.441

49.872 69.009 76.543

49.303 66.994 78.115

Axi := Data(0) MD := Data(3) ID := Data(') TQ :=Data(4) QT := Data(2) GD := Data (5)

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

ROD := regress(Axl,OD,3)

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

Developed by.
J. S. Brihmadesam

Verified by:
. C. Gray
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FLCntr = Refpoint - CO if Val = I

RefPo in t if Val = 2

RefPoint + CO otherwise

Flaw center Location above Nozzle Bottom

UTip := FLCntr+ CO InCStrs.avg :=

ULStrs.Dist - UTip

20

NOsWOErln--utii-se~uie l-eyon tis ol

ffi Sat Aug 09 10:59:39 AM 2003
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ProPLength = 0.477

Flaw Growth in Depth Direction
I

0.6

C

3C

0.4 _

0.2 _

I I I I I I I
A'
u

0 0.5 I 1.5 2 2.5 3 3.5 4

Operating Time {years}

2

1.5

I I I I I I

.a

Q

C

0

1

0.5 

0

-0.5 -

-1 
0 0.5 I 1.5 2 2.5 3 3.5 4

Operating Time {years}
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3!-

- -,.----~~~~~~~~~~~ - ----y ~ ~ ~ ~ ~ ~ ~ ~ ;W .

I =

40 :-f

q,

'D-;

20|

£0;- . ,-.--., AdW->S.es ...

…-kE Wf_
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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 k 6)

8.041

8.041

8.041

8.041

8.041

8.041

8.041

8.041

8.041

8.041

8.041

8.041

8.041

8.041

8.041

8.4

CGRsambi(k 5)

6.5661
6.566

6.566

6.566

6.566

6.566

6.566

6.566

6.566

6.566

6.566

6.566

6.566
6.566

6.566

6.566

Developedby:
J. S. Bnrhmadesam

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

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. 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 -"29.1" Degree Nozzle, "" 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

01111

er ere_0e ressis utonse o as

tr.ist .8 e i a n o - so sa
0Y 00 5 _

Developed by:
J. S. Brihmadesam

Verified by:
. C. Gray
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Input Data
S~~ig= | gntia law en tl

~~~~~u e5

Pesi ri~P erai -- ress re inenai

ears~~= urnF imerof era ing ears

Itera o it for'.rac'rowth 00o

6S0I nae"operainemera iRcx ons~~~~~~ta5nliVin R SCa a o. 0 ro .

El&m-afeo actia rion n6ier or rac r

Fe erenceme-maerat re orTnorma izi'n'g' Da a'teRP

od
R := 2

id
Rid - t:= R- Rid

t
Rm : i+- Timopr := Years 365-24

CFinhr I= .417*105
Timopr

Cblk =-
11im

Iim
Prntblk:= 50

L
2

Rm
Rt :=-

L vI03~F3{T45967Tre f459.67 )] 0C Temperature Correction for Coefficient Alpha

Developed by:
J. S. Bnhmadesam

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

Stress Input Data

AllData :=
|0 | 1 :Cf ~2m, .,.3%\ <t:|,,,9S 9,m 

0'°0 -14.12 -10.61 -8.6 -6.67 -4.57

1' 0.59 -9 -7.12 -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 4.62 -0.62

5 1.99 25.68 22.47 16.06 14.29 21.33

6 2.18 41.45 35.84 33.39 49.7 55.56

7 ' 2.34 52.64 44.8 43.23 62.87 66.64

;8. 2.49 48.49 45.8 49.07 69.13 71.44

'9f 2.65 40.38 42.43 49.87 69.01 76.54

10 2.81 32.13 38.24 49.3 66.99 78.11

11 2.96 24.6 34.87 46.68 60.59 69.07

AXLen := A(oDataK°) IDAI := AData (1) ODAI := AData (5)

Stress Distribution
100

= IDAII

-
cn

50 

I I I I I I I I

I I I I I I I I

0

-50 
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

Developed by.
J. S. Brihmadesam

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

J~n~intere st. IVsSneed ot be e a ordsilb to s a a e1a c mp e
~tress t e o4mppaw. I hXensiegresse ate J-ed ctin o h _~~~ 
iboveablelick hsyeej Daa -em~eo an lte rmtheImeu eDi h

1 tha"ea-ua~ Fig Shf-Colo he seteaeohergtfhe atcd uls:nblw

Data :=

0.59 -9.002 -7.115

1.062 -2.278 -2.811

1.44 8.127 5.389

1.744 14.353 12.404

1.987 25.675 22.473

2.181 41.453 35.841

2.338 52.639 44.805

2.495 48.491 45.796

2.651 40.376 42.428

2.808 32.134 38.242

-5.966 -4.979 -3.9588

-3.527 -4.069 -4.39

2.032 -0.491 -2.546

8.325 4.616 -0.624

16.062 14.285 21.33

33.389 49.701 55.565

43.227 62.866 66.642

49.068 69.125 71.441

49.872 69.009 76.543

49.303 66.994 78.115)

AxI := Data(°) MD := Data(3) 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 = RefPoint -c 0 if Val= I Flaw center Location Location above Nozzle Bottom

RefPoint if Val = 2

RefPoint + C0 otherwise

UTip := FLCntr +co InlcStrs.avig 
ULStrs.Dist - UTip

20

Developed by:
J. S. Bnhmadesam

Veified by.
B. C. Gray
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fSatAug09 10:21:18AM 2003-
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ProPLength 0.477

Developed by:
J. S. Brihmadesam

Verffed by:-
B. C Gray
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0.8

0.7

(j1

0

.0

E

U

0.6

0.5

0.4

0.3

Influence Coefficients - Flaw

….-….~~~~~~~~~~~~~~~~~~~~-- - - -- ----- - - -- - - -- - --…- - -

. ....... . ...... .. .......... .............. ..

---------------------------------------------------------- -------------- -------------------------------- .- -- -- - - - - - - -- --.. . . . . . . . .

0.2

0.1

0
0 0.5 I 1.5 2 2.5

Operating time {years}
3 3.5 4

"a" - Tip -- Uniform
"a" - Tip -- Linear

----- t"a" - Tip -- Quadratic
"a" - Tip -- Cubic
"c" - Tip -- Uniform
"c' - Tip -- Linear

-------- tic" - Tip -- Quadratic
itc" - Tip -- Cubic

Verified by:
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

CGRsambi(k 6)

1.8k16
1.816

1.816

1.816
1.816

1.816
1.816
1.816

1.816

1.816

1.816

1.816
1.816
1.816

1.816

18 816

CGRsambi

1.384
1.384

1.384

1.384
1.384

1.384

1.384

1.384

1.384

1.384

1.384
1.384

1.384

1.384

1.384

1.384
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1.8 -

1.4 -

1.3
0 1 2

Operating Time years}
3
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Stress Corrosion Crack Growth Analysis Through-wall flaw

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

Note: Only for use when Rossd/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 -"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
obtain the value in inch/hr.

Through Wall
Axial Flaw

e econ ftp s e_-_ermitor he evaluation wic ea arno e ilet el e is's
ho n heExcer-e see am beW

ppe §I o r s os eaa0 e ozze UrotM"itbUib 5RU-R-1~

Developed by: Verified by:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IDeveloped by Verified by. I
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eTT- _ i§ e= ntri e emains ca S n no ec a

Input Data :

L := 0.25

60 7

re=s1

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

Fue7OQ

[ e EO
ue a:

N'UMbercotLgperatingiears

sitjmae6r5fo irati e erau

0-1550 sYai 6

Vonstantin'M RP-WSCCMod oor60 uteW.6j ideaE

Fe erencelem eraure or orma izina Vata er

[= L10 10 tT+459167 Tref+459.67)J
c 0 : e .~ Timopr:= Years-365 24

od
2

id
R;:= - t := Ro- R; tRm:= R +-2 CFinhr:= 1.A17*105

Timopr
Cblk := rn Prntbik:= 1i I L

2

De eo e by eife y
IDeveloped by: Verified by. I
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Stress Distribution in the tube. The outside surface is the reference surface for all analysis in accordance with the reference.

5 res snu 

DataAll:= _0, .tAo-23tt .,

7. 0 -14.12 -10.61 -8.6 -6.67 -4.57

0.59 -9 -7.12 -5.97 -4.98 -3.96

'2, 1.06 -2.28 -2.81 -3.53 -4.07 -4.39

1.44 8.13 5.39 2.03 -0.49 -2.55

1.74 14.35 12.4 8.32 4.62 -0.62

5 1.99 25.68 22.47 16.06 14.29 21.33

2.18 41.45 35.84 33.39 49.7 55.56

7i 2.34 52.64 44.8 43.23 62.87 66.64

'8 2.49 48.49 45.8 49.07 69.13 71.44

09, 2.65 40.38 42.43 49.87 69.01 76.54

10 2.81 32.13 38.24 49.3 66.99 78.11

11 2.96 24.6 34.87 46.68 60.59 69.07

AllAxl:= DataAIl( AIIID := DataAll 1 AIIOD:= DataAII5)

Developed by: 
Verified by:

|IDeveloped by. Verified by. I
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100 _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _

7 5 _--------

50

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

Axial Distance above Bottom [inch]
ID Distribution
OD distribution

serving e re s is uMonren e oe Pee ata , at- resentSUe

erest. his edsa ora
trs eozE*oo nih nu-tesss'h l oain o h lcinu 
v�ZI ��Y�T1 �i � I �

LJU w
,ase 01.~~~- WI

Data:=

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

-7.115

-2.811

5.389

12.404

22.473

35.841

44.805

45.796

42.428

38.242

-5.966

-3.527

2.032

8.325

16.062

33.389

43.227

49.068

49.872

49.303

-4.979

-4.069

-0.491

4.616

14.285

49.701

62.866

69.125

69.009

66.994

-3.958)

-4.39

-2.546

-0.624

21.33

55.565

66.642

71.441

76.543

78.115)

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

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

|IDeveloped by. Verified by: I

Developed by: Verified by:



Entergy Operations Inc.
Central Engineering Programs

Appendix C; Attachment 15
Page 5 of 10

Engineering Report
M-EP-2003-004-00

FLCntr:= BZ - I Flaw Center above Nozzle Bottom

ULStrs.Dist - BZ
Incstrs.avg 20

osern e ire dbeyWoso

ffi Sat Aug 09 11:44:49 AM ?nrlC13

IDeveloped by. Verified by I
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~Propjenj

.~TWCWS

gth 0.637

Flaw Len2th vs. Time

1.5 : ._ -. I _ _ _ :

"1 _ _ _ _ _=

J,3

0.5
0 ._ -. : -: - .- . _ _ ; . :

70.5 . .. ' . . ' . .. ,, . ... .

0 0.5' 2 2.5: 3 3.5 4 4.5

TWCPWSCC 

- EntergyModel - -Operating Time (years)

Increase in Half Length - I - __ 

.5

.5

.5 _ _ _ _ _ _ -1 -_ _ _ _ _ - _ _ _ _ _ _ _ __' ' _ ' , '0

.: . -- (A :, ] . . .

I'f

5-

I=I

U

.0 

0. 0.5 1 1.5 2 2.5 3 3.5 4

OperatingTime (Years). 
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TWCpwscC .6) =

-1.354

-1.354

-1.354

-1.354

-1.354

-1.354

-1.354

-1.354

-1.354

-1.354

-1.354

-1.354

-1.354

-1.3540

-1.354

-1.354

TWCpwsccj7) =

4.553

4.553

4.553

4.553

4.553

4.553

4.553

4.553

4.553

4.553

4.553

4.553

4.553

4.553

4.553

4.553

Twcpwscc 8)

1.674

1.674

1.674

1.674

1.674

1.674

1.674

1.674

1.674

1.674

1.674

1.674

1.674

1.674

1.674

1.674

D
|IDeveloped by: Verifedby I
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Hoop Stress Plot
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2
Operatng Tirie (yearsl
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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:- "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

eMOE~

e tip Beo s he p ertimit or he vaonih oee e s
o ii e Ece r hewed4 oeso el

Cow~I 'ppe xia %1 a trs Disn 10[to eused n eh- as sist ineo
0 00ew-t

Developed by:
J. S. Brihmadesam

Verified by:
B. C. Gray
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arsd

nitiaLE aw deit

ef

:s n eratin res re i ema

Nurneri o f eratin ear

Iteratio i it or rac ro 00

=iaeoOerai eheratu

roistan ine'MR-P^WCCimodeiorJ rourlif 7hte'D

ErmaaEctiSvaioncnEr orTfrac-Grow R

e e 2rWe ceemeratu're.oora iiD

od
Ro := 2 id

Rid t:= Ro-Rid RM =id+2 Timopr := Years-365-24

CFinhr := 1.417-105
Timopr

Cblk -
Ilim

h=im
Pmntblk: 50

L
Co := 2

Rm
-7--=

Qg ( 1 X ____L.103- lo- 3 T+459.67 Tref+4 59.67
co0 I:= )-OC Temperature Correction for Coefficient Alpha

Developed by:
J. S. Brihmadesam

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

tress n uat

AIlData :=
.-. s °, rS 2at-¢.; .,! 4 3 I' ,.:.i

0 -7.86 -4.21 -2.26 -0.33 1.66

,1 ' 1.4 -7.37 -7.03 -7.47 -7.78 -7.78

.2 2.51 9.69 1.33 -9.45 -17.45 -23.77

,32 3.41 33.86 32.36 12.26 -12.43 -25.5

,-4. 4.13 52.72 49.98 44.3 16.3 -6.04

5 4.7 58.42 51.45 44.99 43.35 43.69

>6, i 5.16 49.9 49.61 50.98 60.47 60.78

7! l 5.28 42.5 47.8 56.69 75.7 78.96

5.39 40.41 46.01 60.82 78.52 74.75

9; 5.51 38.57 45.68 61.29 79.5 77.41

AXLen := AllData() IDA AI:= AllData(I) ODA 11 := A (Dat 5)

Developed by:
J. S. Bnihmadesam

Verified by:
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Towel
I

---
Gve t;

Ub
I� I ffiectg �,�statements

bo ppea O winithelrooliparawbas

Data :=

0

1.395

2.513

3.408

4.125

4.7

5.16

5.277

-7.856

-7.372

9.689

33.861

52.72

58.423

49.9

42.502

-4.209

-7.026

1.331

32.362

49.983

51.453

49.607

47.798

-2.262

-7.468

-9.445

12.257

44.295

44.992

50.983

56.694

-0.333

-7.776

-17.448

-12.427

16.295

43.352

60.468

75.697

1.664 )

-7.782

-23.769

-25.502

-6.038

43.691

60.778

78.963 )

AxI := Data(0) MD := Data(3) ID = Data() TQ :=Data (4) QT := Data(2)QT=Data 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)

Developed by:
J. S. Brihmadesam

Verified by
B. C. Gray
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FLCntr = RefpoAnt - co if Val = 

RefPoint if Val 2

RefPoint + co otherwise

Flaw center Location above Nozzle Bottom

* UTip := FLCntr + Co lnlcStrs.avg 
ULStrs.Dist - UTip

20

N sn Is uIre eo hs RInt

I Sat Aug 09 10:59:39 AM 2003

Developed by:
J. S. Brihmadesam

Verified by:
B. C. Gray
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ProPLength = 3.456

Flaw Growth in Depth Direction

0.6

0.4

0L S2:ff0 I ; I ; I 

0 0.5 I. 1.5 2 2.5 3 3.5 - 4

Operating Time {years}

2

1.5. : I . D-: E . -. . . -t 

0.5

0

-0.5

~~'0 0.5 1 1.5 _ 2 2.5 3 3 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(k 6)

-3.148
-3.148
-3.148

-3.148

-3.148

-3.148

-3.148

-3.148

-3.148
-3.148

-3.148

-3.148

-3.148

-3.148

-3.148

CGRsambi

-2.818

-2.818

-2.818

-2.818

-2.818

-2.818

-2.818

-2.818

-2.818

-2.818

-2.818

-2.818

-2.818

-2.818

-2.8 18

-2.8 18
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Verffied by:-
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H oop S 

BOS HOp rjji.

1 'i'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

la.0 i .o . ozzke Bolto

a1

U

0.07

........ ...... ............. ......

0.06 -

'... ... ..... ...................

0.0 -

0.04

................ ................3

0.03- 

....... n.. . .

0 1 2
OperatingTirne (years)

3 4
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0.5

c^ 0.3

.1

2 0.1

43

-0.5
0 1 2

Operating Time (years)
3 4

-2.8 -

'S -2.9 -

-

a -3.1 -

I- S:F Depth P ittI
I S F Surface P oint

0 1 2
Operating Time years)

3 4
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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:- "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.

OD Surface Flaw

�o1n

e e e o eessDi sorhe na s

r.- W--M
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Input Data
I at ia ,Ia-wT e n 

e

[d~~~~ea r i rssur ineD

urn erlo ;)era in ~earb

teraoti riffit~for rack Gro 

I EstinaeofLOeratinq eperaturS

ao~:= .67*O ~ U6ontan in rORj.S CM 0 eor .L-0 ro6u t!

Eherma a-c ,va6ton -iEf6r oTfr ~fbracow 'M

ef~ A eeen e a n a a

_ od
0 2

id
Rid =2 t:= Ro - Rid

t
Rm :=Rid+ - Timopr := Years-365-24

CFinhr :=1.417-105
Timopr

Cblk -
rhim

Pmtblk = 50
L

C0 2

Rm
Rt :=

Co1 1 3-1--3ref+ 459 .67). -aOC Temperature Correction for Coefficient Alpha

Developed by:e
. S. Srvhmadesam
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Co = CoI 75 th percentile MRP-55 Revision 1

Stress Input Data

AllData :=
* - g 0 Ad3 

0 0 -7.86 -4.21 -2.26 -0.33 1.66

1 1.4 -7.37 -7.03 -7.47 -7.78 -7.78

,2, 2.51 9.69 1.33 -9.45 -17.45 -23.77

13; 3.41 33.86 32.36 12.26 -12.43 -25.5

;4 4.13 52.72 49.98 44.3 16.3 -6.04

5 4.7 58.42 51.45 44.99 43.35 43.69

;6 5.16 49.9 49.61 50.98 60.47 60.78

7 5.28 42.5 47.8 56.69 75.7 78.96

8 5.39 40.41 46.01 60.82 78.52 74.75

.9, 5.51 38.57 45.68 61.29 79.5 77.41

AXLen:= AllData(°) IDAII:= Afflata(i) ODA11 = AIIData (5)

Stress Distribution
100

'n14

Ln
P

I;'C )

IDAII

ODAII

50

0

-50
1 2 3 4 5 6 7
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Verfffed by:
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AXLen
Axial Elevation above Bottom [inch]

serving esress~:sr ion eecr e eion ea e "oae al, 1 ar respens 
-Z~nFin restis ne s edoe-esec~alir srbtosahv reopesv

~tres e~nzz e~otto andyigh nsuesresss t e- elocal oyeelc, 'h
ove able dc ~~~~on he ata't~~~~~n~b Jo nd eeFe fo ~ -e e~~a

~I~~h.~$q l gn ut-o o hn sertnea eoh g oFh!acdUul g eo
Paswsbm

(1.395 -7.372 -7.026 -7.468 -7.776

2.513 9.689 1.331

3.408 33.861 32.362

-9.445 -17.448

12.257 -12.427

44.295 16.295

44.992 43.352

Data := 4.125 52.72 49.983

-7.782 

-23.769

-25.502

-6.038

43.691

60.778

78.963 )

4.7 58.423 51.453

5.16

~5.277

49.9

42.502

49.607

47.798

50.983

56.694

60.468

75.697

Axl := Data(°) MD:= Data(3) ID := Data(') TQ := Data(4) QT = Data(2) OD :=DatP)~

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 in t -C if Val= 1 Flaw center Location Location above Nozzle Bottom

RefPo in t if Val = 2

RefPoint + c0 otherwvise

UTip := FLCntr + CO InlcStrs.avg`
ULStrs.Dist - UTip

20
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On tISeie a ioIn

6f Sat Aug 09 10:21:18 AM 2003
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ProPLength = 3.456
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Verified by:
. C. Gray
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0.8

0.7

0n

0

4-
C
0
.U
C
U

0

0.6

0.5

0.4

0.3

Influence Coefficients - Flaw

,__ _ _ _ _ I _ _ _ _ _ _ _

, ...... ....... ......

, .............. . .... ..................... ........... ........... ............................................. ..........

-- ----- - - ---- - - ---- !--- ---- -- --- -. . ......... .... ..

...... ...... ....... .......... .. ... ... ..... ... ... ... ... ... .. ...... ... ............. ............. ....................................... .. ........... ..... .........

------------- -------------------------------------- r--------- -- -- -- -- -- -- -- -- -- -- --- -- ---------------------------
...-- -- -_ ----. --- --------- .. ........... . ....... _. ___ .................. . .. ... _...... ................ 

0.2

0.1

0
0 0.5 I 1.5 2 2.5

Operating time {years}
3 3.5 4

"a" - Tip -- Uniform
"a" - Tip -- Linear
"a" - Tip -- Quadratic
"a" - Tip -- Cubic
"c" - Tip -- Uniform
"c'- Tip -- Linear
tc" - Tip -- Quadratic
"c" - Tip -- Cubic
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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

0.827

CGRsambi(k 6)

-3.878
-3.878

-3.878

-3.878

-3.878

-3.878

-3.878

-3.878

-3.878

-3.878

-3.878

-3.878

-3.878

-3.878

-3.878

-3.878

CGRsambi
(k, 5)

-2.988
-2.988

-2.988

-2.988

-2.988

-2.988

-2.988

-2.988

-2.988

-2.988

-2.988

-2.988

-2.988
-2.988

-2.988

-2.988
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F .DT s trbu tic ni

- 40 

i.stance from Nozzle Bottom (inches) ' 

0.5 

-~ 0.3-

(2 0. -

0 0.3 

0 I 2
Operaing Time (years]

3 4
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Surface Point ("C-tp)
| - Depth Point {a- tp)

-3.0 -

in
i-3.2 -
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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 RotSid/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 -"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.
The correction is applied in the determination of the crack extension to
obtain the value in inch/hr.

Through Wall
Axial Flaw

ctt~a o~Ii-l~-~,~bb~inf~e o 'IeOR1

Vfn#~filWte1xei 1 reds7e~sv db rr i77ne-R his -Uin ensfon Irmeasur-edi r-om- inozze bo tmJ!el

erxia e 0 ress i s
o e ozze 0 01
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Input Data :

L:= 0.25

rt"

Initial Crack Length TW axial Based on Stress Distribution. Bottom end of Crack
to be set @ approximately I0ksi.

ebsi On()eratn-iessqre--Piss e a )

i'Jum~er~otLUperatingwLYear;$

Iteratidflimit forfCrac Growth]600

Estirnateof.OPrrating tEFmoeratur

Posso s -raUo 600 

C-osai;nto eMRP PWS(3 IModel forl-600 Wr-ouht -"-- ea F3

"erma W~aivaff tor nfer or Crac6Q ikGro -Wf M R

e dernc e rat6 ur i orno iin" aa

-_ Qg ( IL I .103 10 T+459.67 Tref+459.67)I
Co e .~ Timopr= Years-365*24

od
2

id

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

2
CFinhr:= 1.417 10

Tirnpr
Cblk urn

'urn
Prntblk: -0 I L

2

D
IDeveloped by-- Verified by: I
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Stress Distribution in the tube. The outside surface is the reference surface for all analysis in accordance with the reference.

tdress n t!Da

DataAIl :=

,00 -7.86 -4.21 -2.26 -0.33 1.66
>t1 1.4 -7.37 -7.03 -7.47 -7.78 -7.78

2 2.51 9.69 1.33 -9.45 -17.45 -23.77

3 ' 3.41 33.86 32.36 12.26 -12.43 -25.5
4 4.13 52.72 49.98 44.3 16.3 -6.04

,5. F4.7 58.42 51.45 44.99 43.35 43.69

6 5.16 49.9 49.61 50.98 60.47 60.78
7 5.28 - 42.5 47.8 56.69 75.7 78.96

.8' 5.39 40.41 46.01 60.82 78.52 74.75

9. 5.51 38.57 45.68 61.29 79.5 77.41

AI[Axl: DataAllW AIIID = DataAll(I (5)AIIOD= DataAll

IDeveloped by: Verified by. I
Deeoe by eife y
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100

75

50

._

65
25

0

-25

-50 
o I 2 3 4

Axial Distance above Bottom [inch]
5 6 7

- ID Distribution
- - OD distribution

~~~s p ~ .. -r J.tS h . . .F p . W ..4 EW.*. 

14-SA. -1�" iv� .-. -1
-- - - -- I".---V-,Wf- ----Lo;-;ft- -1-?1-w'---1-*-w---RV-1-"� 2- -

-. n. .. r. er..~
I ...J.... .... IFLI -* AsLVSl -!S2. .-. A fd Y.Laaut tS*AWE.I -L' - ' .- a, -- 011 ..- 1i~~~~~~~~~~~~~~~~~~~~~~~~~~~~. .f

- 17�L � '� a- 4S*�fl� 4S5 �S*

a hcavequ-A51gn Shi -Canhnisr e amewlo~ th it o he eathca qua a -
e UMe 1n Imaa!-M

Data:

0

1.395

2.513

3.408

4.125

4.7

5.16

5.277

-7.856

-7.372

9.689

33.861

52.72

58.423

49.9

42.502

-4.209

-7.026

1.331

32.362

49.983

51.453

49.607

47.798

-2.262

-7.468

-9.445

12.257

44.295

44.992

50.983

56.694

-0.333

-7.776

-17.448

-12.427

16.295

43.352

60.468

75.697

1.664 

-7.782

-23.769

-25.502

-6.038

43.691

60.778

78.963 )

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

ULStrs.Dist - BZ
IncStrs.avg : 20

oUe uet irel We M In

M Sat Aug 09 11:44:49 AM 2003
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PropLength=3

:- * - . 12:

:

i: . .,;~~'

.616

: Flaw Length vs. Time

5

5 _ .. _ _ :_ =__.'._ 

(0 0.5 ]

- Entergy Mode

1.5 2 2.5 3 3.5 4 4.5 5

TWCPWSCC(1 1)

Operating Time {years}

.1

C

~U
.;EC

Increase in Half Length . -

2 __ _ ___ _ _

-0 0.5 -1 1.5 : 2 . 2.5 - 3
Operating Time {Years ) 

3.5 4:
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Hoop Stress Plot
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OD Surface SIP
- lOSurfaceSiF

Average Sip-5.7 -

-5.8

-5.9

o -.0
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n -s; 

0.3

e

C 0.1

-0.1.

-0.3

-0.5
0 1 2

Operating Tune years)
3
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