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Primary Water Stress Corrosion Crack Growth Analysis - OD SurfaceFlaw

Developed by Central Engineering Programs, Entergy Operations Inc
bevelopedby: J. 5. Brihmadesam Verified by: B. C. Gray

Refrences:
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

Arkansas Nuclear One Unit 2

Component: Reactor Vessel CEDM -"8" Degree Nozzle, Downhill 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 forn 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

The first Required input is a location for a point on the tube elevation to define the point of interest (e.g.
The top of the Blind Zone, or bottom of fillet weld etc.). This reference point is necessar to evaluate the
stress distribution on the flaw both for the initial flow and for a growing flaw. This is defined as the
reference point. Enter a number (inch) that represnets the reference point elevation measured upwrd from the
nozzle end.

Refpoint = 1544

To place the flaw with repsect to the reference point, the flow tips and center can be located as follows:
1) The tipper "c- tip" located at the reference point (Enter 1)
2) The Center of the flow at the reference point (Enter 2)
3) The lower "c- tip" located at the reference point (Enter 3).

Val := 2

Upper Limit to be selected for stress distribution (e.g. Weld bottom ). This is the elevtion from Nozzle
Bottom. Enter this value below

ULStrs.Dist := 1786 Upper Axial Extent for Stress Distribution to be used in the Analysis (Axial distance above
nozzle bottom)
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L := 0.32

ao := 0.661-0.12

od := 4.05

id := 2.728

Initial Flaw Length

Initial Flaw Depth

Tube OD

Tube ID

Pint := 2.235

Years := 4

Iiim := 1500

T := 604

a0C := 2.67-10- 12

Qg := 31.0

Tref := 617

Design Operating Pressure (internal)

Number of Operating Years

Iteration limit for Crack Growth loop

Estimate of Operating Temperature

Constant in MRP PWSCC Model for 1-600 Wrought @ 617 deg. F

Thermal activation Energy for Crack Growth {MRP)

Reference Temperature for normalizing Data deg. F

od
0 2

id
Rid T= t:= Ro - Rid

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

CFilnhr := 1.417-105
Timopr

Cblk '=-
h1im

im
Pmtblk :=50

L
C0 2

Rm
Rt :=

103_ 10- 3 T+459.67Tref+459.67
C0 1 := e , aOC Temperature Correction for Coefficient Alpha

Co:= C 01

Stress Inout Data

75 th percentile MRP-55 Revision 1

Developed by:
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S. -- , -

Input all available Nodal stress data In the table below. The column designations are as follows:
Column 'O" = Axial distance from minumum to maximum recorded on data sheet(inches)
Column 1" = ID Stress data at each Elevation (ksl)
Column "2' = Quarter Thickness Stress data at each Elevation (ksi)
Column "3" = Mid Thickness Stress data at each Elevation (ksl)
Column W4W = Three Quarter Thickness Stress data at each Elevation (ks)
Column W5' = OD Stress data at each Elevation (ksi)

AllData :=
0] ° | 1 2 l '3 -4 5

o0o -27.4 -24.36 -22.21 -20.41 -18.98

1 ~ 0.48 0.63 -1.49 -3.6 -4.44 -5.27

2 0.87 17.66 16.42 14.61 12.41 9.38

3 1.18 29.8 26.05 22.72 18.95 14.2

4 1.43 33.62 27.79 24.8 24.32 26.99

5 1.63 32.36 28.47 27.59 34.28 45.1

6 1.79 27.39 28.92 31.39 43.88 63.72

07 1.92 21.5 25.56 33.55 48.09 66.36

8 2.05 16.94 23.79 34.06 49.47 67.67

:9 2.18 14.83 22.26 34.78 49.05 63.38

AXLen := A (DatP) IDA11 := AlIData(l) 0DA11 := ADatP()

Stress Distribution

14Wciup

IDAI

ODAII

50 '
0 0.5 1 1.5 2 2.5 3

AXLen
Axial Elevation above Bottom [inch]
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Observing the stress distribution select the region in the table above labeled DataAle that represents the
region of interest. This needs to be done especially for distributions that have a large compressive
stress at the nozzle bottom and high tensile stresses at the J-weld location. Copy the selection in the
above table, click on the "Data" statement below and delete it from the edit menu. Type "Data and the
Mathcad equal" sign (Shift-Colon) then insert the same to the right of the Mathcad Equals sign below
(paste symbol).

(o -27.404 -24.356 -22.209 -20.407 -18.978 )

0.483 0.633 -1.486 -3.599 -4.44 -5.268

0.87 17.665 16.422 14.61 12.415 9.376

1.18 29.798 26.049 22.723 18.95 14.201

Data := 1.428 33.623 27.792 24.8 24.321 26.989

1.627 32.364 28.469 27.591 34.284 45.104

1.786 27.394 28.918 31.388 43.882 63.718

1.919 21.498 25.556 33.55 48.089 66.365

k2.051 16.944 23.793 34.064 49.472 67.672 )

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

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

Refpoint if Val = 2

Refpoint + c0 otherwise

UTip := FLCntr + Co IlCstrs.avg 
ULStrs.Dist - UTip

20
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No User Input is required beyond this Point

& Sat Aug 09 10:21:18 AM 2003
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Prortength = 0.082

Flaw Growth in Depth Direction
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Stress Intensity Factors
UI
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r-

0
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Gn
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MU
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I I I I I I I
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Influence Coefficients - Flaw

'E
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._A
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4
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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)

18.417

19.5

19.507

19.515

19.522

19.53

19.538

19.545

19.553

19.56

19.568

19.575

19.583

19.59

19.598

19.605

CGRsambi

13.271

14.008

14.014

14.019

14.024

14.03

14.035

14.04

14.046

14.051

14.056

14.062

14.067

14.072

14.078

14.083
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1 .0 1 .5 2.0
Distance from Nozzle Bottom {in ches)
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2 3 4
O p e ra tin g T im e (y e a rs )
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Stress Corrosion Crack Growth Analysis Throughwall flaw

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

Note: Only for use when R.,sftdt is between 2.0 and 5.0 (Thickwall Cylinder)

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

Arkansas Nuclear One Unit 2

Component: Reactor Vessel CEDM -"8"Degree Nozzle, Downhill 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 inchr.

Through Wall
Axial Flaw

The first input is to locate the Reference Line (&. top of the Blind Zone). The throughwall flaw "Upper Tip"
is located at the Reference Line.
Enter the elevation of the Reference ine (eg. Blind Zone) above the nozzle bottom in inches.

BZ:= 1.544 Location of Blind Zone above nozzle bottom (inch)

The Second Diput is the Upper Limit for the evalution, which is the bottom of the fillet weld leg. This is
shown on the Excel spread sheet as weld bottom. Enter this dimension meastred from nozle bottom) below.

ULStrs.Dist:= 1.786 Upper axial Extent for Stress Distribution to be used in the analysis (Axial distance
above nozzle bottom)

Deeoeiy 
Vrfe y

IDeveloped by. Verified by. I
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Input Data :

L := .794

od:= 4.05

id:= 2.728

Pint:= 2.235

Years:= 4

Ilim:= 1500

T:= 604

v := 0.307

ac := 2.67-10- 12

Qg := 31.0

Tref := 617

Initial Flaw Length TW axial (Based on 10 Ksi average stress)

Tube OD

Tube ID

Design Operating Pressure (internal)

Number of Operating Years

Iteration limit for Crack Growth loop

Estimate of Operating Temperature

Poissons ratio @ 600 F

Constant in MRP PWSCC Model for 1-600 Wrought @ 617 deg. F

Thermal activation Energy for Crack Growth {MRP)

Reference Temperature for normalizing Data deg. F

[ Qg -( I I A
Co:= eLi.103 10 I tT+459.67 Tref+459.67)J

Tiniopr:= Years*365-24

od
2

Ri:= i2 t:= Ro- Ri Rm:= Ri + 
2

CFinhr:= 1.417- 105

Tirfopr
Cblk := Trp

hkim
Prntblk:= 50

2

Developed 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.

Stress Input Data

Import the Required data from applicable Excel spread Sheet. The column designations are as follows:
Cloumn "0" = Axial distance from Minimum to Maximum recorded on the data sheet (inches)
Column "1" = ID Stress data at each Elevation (ksi)
Column '5' = OD Stress data at each Elevation (ksi)

DataAII :=
0 1 2 3 4 5

0 0 -27.4 -24.36 -22.21 -20.41 -18.98
1 0.48 0.63 -1.49 -3.6 -4.44 -5.27

2 0.87 17.66 16.42 14.61 12.41 9.38

3 1.18 29.8 26.05 22.72 18.95 14.2
4 1.43 33.62 27.79 24.8 24.32 26.99

5 1.63 32.36 28.47 27.59 34.28 45.1

6 1.79 27.39 28.92 31.39 43.88 63.72

7 1.92 21.5 25.56 33.55 48.09 66.36

8 2.05 16.94 23.79 34.06 49.47 67.67

9 2.18 14.83 22.26 34.78 49.05 63.38

AllAxl:= DataAII °) AIlID := DataAIl AIIOD := DataAIJ 5)

Developed by: 
Verified by:
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100

75

v:

50

25

0

-25r
50

0 0.5

ID Distribution
... ... OD distribution

1 1.5 2 2.5
Axial Distance above Bottom [inch]

3

Observing the stress distribution select the region in the table above labeled DataA,, that represents the
region of interest. This needs to be done especially for distributions that have a large compressive
stress at the nozzle bottom and high tensile stresses at the J-weld location. Copy the selection in the
above table, click on the "Data" statement below and delete it from the edit menu. Type "Data and the
Mathcad "equal" sign (Shift-Colon) then insert the same to the right of the Mathcad Equals sign below
(paste symbol).

( 0 -27.404 -24.356 -22.209 -20.407 -18.978)

Data:=

0.483 0.633

0.87 17.665

1.18 29.798

1.428 33.623

1.627 32.364

1.786 27.394

1.919 21.498

2.051 16.944

-1.486 -3.599

16.422 14.61 12.415 9.376

26.049 22.723 18.95 14.201

27.792 24.8 24.321 26.989

28.469 27.591 34.284 45.104

28.918 31.388 43.882 63.718

25.556 33.55 48.089 66.365

23.793 34.064 49.472 67.672

-4.44 -5.268

~2.183 14.834

Axl:= Data ID:= Data

22.263 34.779 49.055 63.377 )

(5)OD:= Data

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

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

LJLStrs.Dist - BZ
Strs.avg = 20

No User Input required beyond this Point

M Sat Aug 09 11:44:49 AM 2003
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PropLength = 0.242

Flaw Length vs. Time
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TWC
TWCW 

PWSC~j,6) 

34.773
41.861
41.893

41.925

41.958

41.99

42.022

42.054

42.087

42.119
42.152

42.184

42.216

42.249

42.281

42.314

Twcpws(j,7) 

35.756

39.204
39.232

39.26

39.288

39.316

39.344

39.373

39.401

39.429
39.457

39.485

39.513

39.542

39.57

39.598

TWCPWSCC(8)

36.661
42.033
42.065

42.097
42.129

42.162

42.194

42.226

42.259

42.291

42.324

42.356

42.389

42.421

42.454

42.486
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H oop Stress Plot
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Primary Water Stress Corrosion Crack Growth Analysis ID flaw;
Developed by Central Engineerng Porgrams, Entergy Operations Inc.

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

Refrences:
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

Arkansas Nuclear One Unit 2

Component: Reactor Vessel CEDM -"8" Degree Nozzle, Uphill Azimuth,
1.544" above Nozzle Bottom

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "Rmtt" - 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

The first Required input is a location for a point on the tube elevation to define the point of interest (e.g.
The top of the Blind Zone, or bottom of fillet weld etc.). his reference point is necessar to eluaote the
stress distribution on the flow both for the nital flaw and for a growing flaw. This is defined as the
reference point. Enter a number (inch) that represnets the reference point elevation measured upward from the
nozzle end.

Refpoint = 1.544

To place the flaw with repsect to the reference point, the flow tips and center can be located as follows:
1) The Upper "C- Ip" located at the reference point (Enter 1)
2) The Center of the flaw at the reference point nter 2)
3) The lower "- tip" located at the reference point (Enter 3).

Val := 2

The Input Below is the Upper Limit for the evaluation, which is the bottom of the fillet weld leg. This is
shown on the Excel spread sheet as weld bottom. Enter this dimension (measured from nozzle bottom) below.

ULStsDist := 2.386 Upper axial Extent for Stress Distribution to be used in the Analysis (Axial distance above
nozzle bottom).

Developed by:
J. S. Bnhmadesam

Venfi-ed by.-
B. C Gray



Enteagy Operations Inc.
Central Engineering Programs

Appendix "C"; Attachment 7
Page 2 of 11

Engineering Report
M-EP-2003-00201

Input Data :-

L := 0.32

ao := 0.661-0.07

od := 4.05

id := 2.728

Pint = 2.235

Years := 4

him := 1500

T := 604

aOc := 2.67- 10- 12

Qg := 31.0

Tref := 617

Initial Flaw Length (Twice detectable length)

Initial Flaw Depth (Minimum Detecteble Depth was 5% TW)

Tube OD

Tube ID

Design Operating Pressure (internal)

Number of Operating Years

Iteration limit for Crack Growth loop

Estimate of Operating Temperature

Constant in MRP PWSCC Model for 1-600 Wrought @ 617 deg. F

Thermal activation Energy for Crack Growth {MRP)

Reference Temperature for normalizing Data deg. F

od
Ro := 2 Rid : idRid := t:= Ro -Rid Rm:= Rid + Timopr:= Years-365-24

CFihr := 1.417-105
Timopr

Cblk. -
Ihim

Prntblk = 50
L

co := 2
Rm

Rt:=t

-Qg __ 1 

1.103 T+459.67 Tref+459.67
C 01 e

Co:= C

)aoc Temperature Correction for Coefficient Alpha

75 th percentile MRP-55 Revision 1

Developed by:
J. S. Bfihmadesam

Verfiled by:
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Stress Input Data

Input all available Nodal stress data in the table below. The column designations are as follows:
Column "0" = Axial distance from minimum to maximum recorded on data sheet (inches)
Column "1" = ID Stress data at each Elevation (ksi)
Cloumn "2" = Quarter Thickness Stress data at each Elevation (ksi)
Cloumn "3" = Mid Thickness Stress data at each Elevation (ksi)
Column 4" = Three quarter Thickness Stress data at each Elevation (ksi)
Column 5" = OD Stress data at each Elevation (ksi)

AllData :=
0 1 2 34 5

0 0 -22.34 -20.02 -18.96 -18.09 -17.15
1 0.64 -0.72 -3.67 -6.82 -8.7 -10.19

2 1.16 17.28 14.91 9.65 3.77 -1.22

3 1.58 29.36 26.5 20.58 13.8 4.75

4 1.91 36.5 30.92 25.41 21.15 18.37

5 2.17 36.54 30.33 27.24 32.61 41.48

6 2.39 33.13 31.54 31.44 42.45 57.26

7 2.53 27.12 28.37 33.43 47.23 63.83

8 2.67 21.96 26.11 34.41 48.85 63.88

9 2.81 18.99 24.12 35.2 49.9 62.11

AXLen := AllData(0) IDAIl:= AllData() ODAII:= AllData()

Stress Distribution
UU

A-

50 

I I I I I I 

1.544 2.386

- ----

I I I I I I I

0

-50
Co 0.5 I 1.5 2 2.5 3 3.5 4

Axial Elevation above Bottom [inch]
- ID Distribution

OD Distribution
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Observing the stress distribution select the region in the table above labeled Datable that represents the
region of Interest. This needs to be done especially for distributions that have a large compressive
stress at the nozzle bottom and high tensile stresses at the J-weld location. Higlight the region In the
above table representing the region to be selected (click on the first cell for selection and drag the
mouse whilst holding the left mosue button down. Once this is done click the right mouse button and
select "Copy Selection"; this will copy the selected area on to the clipboard. Then click on the "Matrix"
below (to the right of the dtat statement) to highlight the entire matrix and delete It from the edit menu.
When the Mathcad input symbol appears, use the paste function In the tool bar to paste the selection.

Data :=

0

0.645

1.162

1.575

1.907

2.173

2.386

2.528

2.67

2.813

-22.34

-0.722

17.28

29.359

36.503

36.536

33.132

27.116

21.957

18.993

-20.022

-3.667

14.912

26.501

30.924

30.331

31.54

28.37

26.115

24.124

-18.961

-6.821

9.653

20.582

25.411

27.24

31.442

33A34

34.408

35.202

-18.087

-8.696

3.766

13.796

21.15

32.606

42.452

47.233

48.851

49.904

-17.153)

-10.19

-1.22

4.753

18.374

41.485

57.257

63.826

63.884

62.107 

Ax := Data(0) A3)MD: Data ID:= Data) TQ := Data(4) QT := Data(2)T =Data 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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FLcntr = Refpoint- CO if Val = 

Refp0 int if Val = 2

Refp0 int + co otherwise

Flaw center Location above Nozzle Bottom

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

20

No User Input is required beyond this Point

t5 Sat Aug 09 10:59:39 AM 2003

Developed by:
J. S. Bnhmadesam

Venred by:
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ProPLength = 0.682

Flaw Growth in Depth Direction

0.6

U
C

C.

q-

a
3J

0.4 1

I I I I I I I

I I I I I I I

0.2 

0 0.5 I 1.5 2 2.5
Operating Time {years}

3 3.5 4

2

Q

-

c._

-

0

-I -
0 0.5 1 1.5 2 2.5 3 3.5

Operating Time {years}
4
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Stress Intensity Factors
100

U
__

C

._
az

L.

c)

2
ur

c)

uR

80 

60 

I I I I I I I

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

40 1

20

0
0 0.5 I 1.5 2 2.5

Operating Time {years}
3 3.5 4

Depth Point
.- Surface Point
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Influence Coefficients - Flaw

1.11

0.9

V

V-
0

V
0

.U
V=
0

V

0.8

0.7

.......................... ..................... .......................... ......... ................................... -.- ..................... I....... ..................... I........

---------------------------------------------------------------------------------------------------------------------------------

....................... ....................... ....................... ................. ---- - --------------- I............................ - -------------------- ------------

0.6 

0.5

0.4

0.3

0.2

0.1

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

0 0.5 I 1.5 2 2.5

Operating time years}
3 3.5 4

Il" - Tip -- Uniform
Ila - Tip -- Linear
Va" - Tip -- Quadratic
Via - Tip -- Cubic

Vi"- Tip -- Uniform

"c- Tip -- Linear

ti"- Tip -- Quadratic
ti"- Tip -- Cubic
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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
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CGRsambi
(k, 6)

14.023

14.503

14.507

14.511

14.514

14.518

14.522

14.526

14.53

14.534

14.537

14.541

14.545

14.549
14.553

14.556

CGRsambi(k 5)

11.685
12.086

12.09

12.094

12.098

12.102

12.105

12.109

12.113

12.117

12.121

12.125

12.129

12.132

12.136

12.14
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Veified by:
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I
EA

8

20

0

-20

-4 0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Axial Distance From N ozzle Bottom (inch)

(AllData(O) AllData(') AData(5))

0.14 -

0 1 2 -

0 1 0 -

0 08 -

0.04

Developed by
J. S. Brlhmadesam
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0 1 2 3 4
O perating Time {years}

2 0 -

0

y 18 -
.5

I 1 6 

e 1 4 -

12 -

10

y : 

S IF D e pth P o int
S IF S u rfa ce P o in t �

r
:
'

: : X
:

: +

r� i
I : ;

.. - 2

l

2
O perating Time {years)

3 4

A::f:

, ..

.=

:_j
, ..

:

,.

.-

-

,

.-
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Primary Water Stress Corrosion Crack Growth Analysis - OD SurfaceFlaw

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

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

Arkansas Nuclear One Unit 2

Component: Reactor Vessel CEDM -"8" Degree Nozzle, Uphill 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

The first Required input is a location for a point on the tube elevation to define the point of interest (e.g.
The top of the Blind Zone, or bottom of fillet weld etc.). This reference point is necessar to evaluate the
stress distribution on the flow both for the initial flow and for a growing flow. This is defined as the
reference point. Enter a number (inch) that represnets the reference point elevation measured upward from the
nozzle end.

Refpoint := 1.544

To place the flaw with repsect to the reference point, the flow tips and center can be located as follows:
1) The Upper "c- tip" located at the reference point (Enter *)
2) The Center of the flow at the reference point (Enter 2)
3) The lower "C- tip" aocatedot the reference point (Enter 3).

Val := 2

Upper Linit to be selected for stress distribution (e.g. Weld bottom ). This is the elevation from Nozze
Bottom. Enter this value below

ULStrs.Dist = 2386 Upper Axial Extent for Stress Distribution to be used in the Analysis (Axial distance above
nozzle bottom)

Developed by:
J. S. Bnhmadesam

Verifed by:
B. C. Gray
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L := 0.32

ao := 0.661-0.12

od := 4.05

id := 2.728

Initial Flaw Length

Initial Flaw Depth

Tube OD

Tube ID

Pint := 2.235

Years := 4

him = 1500

T := 604

aOC := 2.67- 10- 12

Qg := 31.0

Tref := 617

Design Operating Pressure (internal)

Number of Operating Years

Iteration limit for Crack Growth loop

Estimate of Operating Temperature

Constant in MRP PWSCC Model for 1-600 Wrought @ 617 deg. F

Thermal activation Energy for Crack Growth {MRP)

Reference Temperature for normalizing Data deg. F

R. od
O* 2

id
Rid:2 t:= Ro - Rid

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

CFinhr := 1.417-105
Timopr

Cblk:= -u
'1rn

Pmntblk := 50
L

C0 2

Rm
R- -

-Q g .( l_ 
C _ L1.103 - Tre a Temperature Correction for Coefficient AlphaC0 1 = 00

CO:= C0 1 75 th percentile MRP-55 Revision 1

Developed by:
J. S. Blihmadesam
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Stress Input Data

Input all available Nodal stress data in the table below. The column designations are as follows:
Column wow = Axial distance from minumum to maximum recorded on data sheet(inches)
Column "" = ID Stress data at each Elevation (ksl)
Column "2" = Quarter Thickness Stress data at each Elevation (ksj)
Column "3" = Mid Thickness Stress data at each Elevation (ks)
Column "4" = Three Quarter Thickness Stress data at each Elevation (ksi)
Column "5" = OD Stress data at each Elevation (kso

AllData :=
0 1 2 3 4 5

O 0 -22.34 -20.02 -18.96 -18.09 -17.15
1- 0.64 -0.72 -3.67 -6.82 -8.7 -10.19

2 1.16 17.28 14.91 9.65 3.77 -1.22

3 ~ 1.58 29.36 26.5 20.58 13.8 4.75

4 1.91 36.5 30.92 25.41 21.15 18.37

5 2.17 36.54 30.33 27.24 32.61 41.48

6 2.39 33.13 31.54 31.44 42.45 57.26

7 2.53 27.12 28.37 33.43 47.23 63.83

8 2.67 21.96 26.11 34.41 48.85 63.88

9 2.81 18.99 24.12 35.2 49.9 62.11

AXLen := AllData<° IDA11 := ADatP~) 0DA11 := AData(')

Stress Distribution
100

1 IDAII

,, ODAIJ
B ------

50

0

-50 
0.5 1 1.5 2 2.5 3 3.5 4

AXLen
Axial Elevation above Bottom [inch]

Developed by:
J. S. Bfihmadesam
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Observing the stress distribution select the region in the table above labeled DataAle that represents the
region of interest This needs to be done especially for distributions that have a large compressive
stress at the nozzle bottom and high tensile stresses at the J-weld location. Copy the selection in the
above table, click on the "Datan statement below and delete it from the edit menu. Type "Data and the
Mathcad "equal sign (Shift-Colon) then insert the same to the right of the Mathcad Equals sign below
(paste symbol).

0 -22.34 -20.022 -18.961 -18.087 -17.153 

0.645 -0.722

1.162 17.28

1.575 29.359

-3.667 -6.821 -8.696 -10.19

3.766 -1.22

Data := 1 1.907 36.503

2.173 36.536

2.386 33.132

2.528 27.116

2.67 21.957

14.912

26.501

30.924

30.33

31.54

28.37

26.115

9.653

20.582 13.796 4.753

25.411 21.15 18.374

27.24 32.606 41.485

31.442 42.452 57.257

33.434 47.233 63.826

34.408 48.851 63.884 )

AxI : Data(O) MD:= Data) ID:= Datale TQ :=Data(4) QT :=Data(2) OD: Data~

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 = -C 0 if Val = i Flaw center Location Location above Nozzle Bottom

Refpoint if Val = 2

RefPoint + cO otherwise

ULStrs.Dist - UTip
UTip := FLCntr + Co

Developed by:
J. S. Bnihmadesam
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. 'v

No User Input is required beyond this Point

f Sat Aug 09 10:21:18 AM 2003
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ProPLength= 0.682

0.6

0-._

a
3

VZ

0.4 1

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

I ~ ~~I I I III

0.2 r

o
0 0.5 1 1.5 2 2.5 3 3.5

Operating Time {years}
Entergy-CEP Model

4

Q

J-

0.8 

0.6 1

I I I I I I I

1'5

, ~~~~~~~~~~~~~~.092
_ _ _ _ _ _I_ _ - - - - - - - - - - F - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I0.4 

0.2 1

0
0 0.5 I 1.5 2 2.5 3 3.5 4

Operating Time {years}
- Entergy-CEP Model
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Stress Intensity Factors
s

I,-Ena

U

U,

IU

w

5_

Ad2

80 -

60 

40

20

0
0 0.5 1 1.5 2 2.5

Operating Time years}
Depth Point Entergy-CEP Model

.. - Surface Point Entergy-CEP model

3 3.5 4
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Influence Coefficients - Flaw

0.8

0.7

A
'A

-
0

._A

-

0.6 

0.5

0.4

0.3

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

0.2

0.1

0

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

-- -- - _-- - - -- - - - _-- - - -- - - - _-- - - -- - - - _- - - - -- - _-- - - - -- - - - _- - - - -- - - - _- - - -

0 0.5 1 1.5 2 2.5

Operating time {years}
3 3.5 4

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

"c" - 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)
5.099

5.099

5.099

5.099

5.099

5.099

5.099

5.099

5.099

5.099

5.099

5.099

5.099

5.099

5.099

5.099

CGRambi(k 5

4.125

4.125

4.125

4.125

4.125

4.125

4.125

4.125

4.125

4.125

4.125

4.125

4.125
4.125

4.125

4.125
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0.0 0 5 1.0 1.5 2.0 2.5 3.0 3.5
D is ta n c e fro m N o z z le B o tto m (in c h e s )

( AXLen(O) IDAI(0) DAI(O))

0 .5

Z 0 .3
I

I

-0 1 -

0 -0.5 -

-O .5 

0 I 2

p e rtin g T im e (y ea rs )
3 4
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a 0.3

E

z 0.1

E
c

j -0.1

o
0

-0.3

I
3

I
40 2

Operating Time years)

5.0

*r, 4.8 -

u- 4.6 -

C-

4e 

(D 

4.2 -

4.0 -

I____ Su rfa ce Po in t ~c"-tiF
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.

.

i
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i
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Stress Corrosion Crack Growth Analysis Throughwall flaw

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

Note : Only for use when R,,tjd,1t is between 2.0 and 5.0 (Thickwall Cylinder)

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

Arkansas Nuclear One Unit 2

Component: Reactor Vessel CEDM -"8"Degree Nozzle, Uphill 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 inch4,r.

Through Wall
Axial Flaw

The fhrst Input is to locate the Reference une (e;. top of the Blind Zone). The throughwall flaw "Upper Tip"
is located at the Reference Line.
Enter the elevation of the Reference Line (eg. Blind Zone) above the nozzle bottom in inches.

BZ:= 1.544 Location of Blind Zone above nozzle bottom (inch)

The Second Input is the Uipper Limit for the evaluafton, which is the bottom of the fillet weld leg. This is
shown on the Excel spread sheet as weld bottom. Enter this dimension (meastured from nozzle bottom) below.

ULStrs.Dist := 2386 Upper axial Extent for Stress Distribution to be used in the analysis (Axial distance
above nozzle bottom)

Developed by: 
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Input Data :

L := 0.344

od = 4.05

id:= 2.728

Plnt:= 2.235

Years:= 4

llim:= 1500

T:= 604

v := 0.307

aoc := 2.67 10 12

Qg:= 31.0

Tref := 617

Initial Flaw Length TW axial (Based on 10 Ksi average stress)

Tube OD

Tube ID

Design Operating Pressure (internal)

Number of Operating Years

Iteration limit for Crack Growth loop

Estimate of Operating Temperature

Poissons ratio @ 600 F

Constant in MRP PWSCC Model for 1-600 Wrought @ 617 deg. F

Thermal activation Energy for Crack Growth {MRP)

Reference Temperature for normalizing Data deg. F

F -Qg ( I I 
1.103- 1o 3 T+459.67 Tf 459.67)J

Timopr:= Years- 365-24

ad
Ro := - R; = id

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

2
CFinh,:= 1.417-105

Tiflopr
Cblk := rn

1im

I'lim 
Pmtblk:= 50

5"i I
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.

Stress Input Data

Import the Required data from applicable Excel spread Sheet. The column designations are as follows:
Cloumn "O" = Axial distance from Minimum to Maximum recorded on the data sheet (inches)
Column "1" = ID Stress data at each Elevatfon (ksi)
Column 5" = OD Stress data at each Elevation (ksi)

DataAII :=
0 1 2 3 4

0 0 -22.34 -20.02 -18.96 -18.09 -17.15
1 0.64 -0.72 -3.67 -6.82 -8.7 -10.19
2 1.16 17.28 14.91 9.65 3.77 -1.22
3 1.58 29.36 26.5 20.58 13.8 4.75
4 1.91 36.5 30.92 25.41 21.15 18.37

5 2.17 36.54 30.33 27.24 32.61 41.48
6 2.39 33.13 31.54 31.44 42.45 57.26
7 2.53 27.12 28.37 33.43 47.23 63.83
8 2.67 21.96 26.11 34.41 48.85 63.88
9 2.81 18.99 24.12 35.2 49.9 62.11
10 2.96 19.58 24.12 34.38 48.41 64.46

11 3.1 23.12 24.38 33.3 45.65 61.6

AllAxl:= DataAII @ AIIID:= DataAlII AIIOD := DataAll ,

Developed by: 
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80

60

,,
eN

En

40

20

0 iS 1 1.5 2 2.5 3 3.5 4
Axial Distance above Bottom [inch]

OD distribution

Observing the stress distribution select the region in the table above labeled DataAr, that represents the
region of Interest. This needs to be done especially for distributions that have a large compressive
stress at the nozzle bottom and high tensile stresses at the J-weld location. Copy the selection in the
above table, click on the "Data" statement below and delete it from the edit menu. Type "Data and the
Mathcad 'equal' sign (Shift-Colon) then Insert the same to the right of the Mathcad Equals sign below
(paste symbol). ( 0 -22.34 -20.022 -18.961 -18.087 -17.153)

Data:=

0.645

1.162

1.575

1.907

2.173

2.386

2.528

2.67

2.813

2.955

3.098

-0.722

17.28

29.359

36.503

36.536

33.132

27.116

21.957

18.993

19.578

23.12

-3.667

14.912

26.501

30.924

30.331

31.54

28.37

26.115

24.124

24.12

24.375

-6.821

9.653

20.582

25.411

27.24

31.442

33.434

34.408

35.202

34.376

33.301

-8.696

3.766

13.796

21.15

32.606

42.452

47.233

48.851

49.904

48.405

45.647

-10.19

-1.22

4.753

18.374

41.485

57.257

63.826

63.884

62.107

64.458

61.604)

(0)Axli 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

No User Input required beyond this Point

n Sat Aug 09 11:44:49 AM 2003
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PropLength = 0.842

0

TWCcc j

2

Flaw Length vs. Time

1.5 i_ _ _ __ _ _

- - ~~~~~~~~~.842

3

0.5

0

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

TWCPWSCC(j 1)

Operating Time {years}

IEntergy Model

Increase in Half Length

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _: _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

i

z

S

'.5

0.5

0
0 0.5 I 1.5 2 2.5

Operating Time {Years}
3 3.5 4

D
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0

r.

c

cr
.cI

0 0.5 1 1.5 2 2.5 3 3.5
Operating Time {Years)

OD SIF - Entergy Model
.. ID SIF - Entergy Model

- SIF Average

4
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TWCPWsc,6)

7.288
9.187

9.189

9.192

9.194
9.197

9.2

9.202

9.205

9.208

9.21
9.213

9.215
9.218

9.221

9.223

TWCpWS(j,7)

19.481
20.457

20.461

20.465
20.469

20.473

20.477

20.481

20.485

20.489

20.493
20.497

20.501

20.505

20.51

20.514

TWCPWSC )

13.773

15.225

15.228

15.232

15.235

15.239

15.243

15.246

15.25

15.253

15.257

15.26

15.264

15.267

15.271

15.275
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e 20
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-20
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*a 20 -

15 -0 

5 I

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
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0.20 -

0.15 -

0.10 -

I
0 05 -

0 .00 -

0 I 2 3 4
O p r tin T ime (ye* ars)
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Primary Water Stress Corrosion Crack Growth Analysis ID flaw;
Developed by Central Engineering Porgrams, Entergy Operations Inc.

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

Refrences:
1) "Stress Intensity factors for Part-through Surface cracks"; NASA TM- 1707; July 1992.
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Arkansas Nuclear One Unit 2

Component: Reactor Vessel CEDM -"8" Degree Nozzle, Mid-Plane 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 inchihr.

ID Surface Flaw

The first Required input is a location for a point on the tube elevation to define the point of interest (e.g.
The top of the Blind Zone, or bottom of fillet weld etc.). This reference point is necessar to evaluate the
stress distribution on the flaw both for the initial flow and for a growing flaw. This is defined as the
reference point. Enter a number (inch) that represnets the reference point elevation measured upward from the
nozzle end.

Refpoint = 1.544

To place the flaw with repsect to the reference point, the flow tips and center can be located as follows:
1) The Uipper "C- tip" located at the reference point (Enter 1)
2) The Center of the flow at the reference point (Enter 2)
3) The lower "C- tip" located at the reference point (Enter 3).

Val := 2

The Input Below is the Upper imit for the evaluation, which is the bottom of the fillet weld leg. This is
shown on the Excel spread sheet as weld bottom. Enter this dimension (meastured from nozzle bottom) below.

ULStrs.Dist := 2.087 Upper axial Extent for Stress Distribution to be used in the Analysis (Axial distance above
nozzle bottom).

Developed by. Verified by
J. S. Brihmadesam B. C. Gray
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Input Data :-

L := 0.32

a( := 0.661-0.07

od := 4.05

id := 2.728

P~nt = 2.235

Years := 4

him = 1500

T := 604

aoC := 2.67- 10- 12

Qg := 31.0

Tref := 617

Initial Flaw Length (Twice detectable length)

Initial Flaw Depth (Minimum Detecteble Depth was 5% TW)

Tube OD

Tube ID

Design Operating Pressure (internal)

Number of Operating Years

Iteration limit for Crack Growth loop

Estimate of Operating Temperature

Constant in MRP PWSCC Model for 1-600 Wrought @ 617 deg. F

Thermal activation Energy for Crack Growth {MRP)

Reference Temperature for normalizing Data deg. F

od
Ro := 2

id
Rid t:= Ro - Rid

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

CFindhr := 1.417-105
Timopr

Cblk. -
hlim

'=im
Prntblk := 50

L
co := 2

Rm
Rt:=-

Qg ( 1J 1.103 1o- 3T+459.67 Tref+459.67

C0 1 = x

co:=C 0 1

)a00c Temperature Correction for Coefficient Alpha

75 t percentile MRP-55 Revision 1

Developed by:
1. S. Baihmadesam

Verifed by:
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Stress Input Data

Input all available Nodal stress data in the table below. The column designations are as follows:
Column "O' = Axial distance from minimum to maximum recorded on data sheet (inches)
Column "1" = ID Stress data at each Elevation (ksi)
Cloumn 2" = Quarter Thickness Stress data at each Elevation (ksi)
Cloumn "3" = Mid Thickness Stress data at each Elevation (ksi)
Column w4" = Three quarter Thickness Stress data at each Elevation (ksi)
Column "5" = OD Stress data at each Elevation (ksi)

AllData :=
0 1 2 3 4 5

0 0 -24.18 -21.84 -20.55 -19.44 -18.5
1, 0.56 -1.41 -3.32 -4.98 -6.48 -7.75
2 1.02 22.03 16.77 12.53 8.72 4.43
3 1.38 29.96 26.48 21.85 16.05 9.43

4 1.67 34.51 28.44 24.2 22.09 22.08
5 1.9 33.22 28.07 26.32 32.42 42.48
6 2.09 28.22 28.59 29.91 41.71 57.59
7 2.22 22.01 25.06 31.61 45.62 63.12

8 2.36 17.22 23.06 32.35 47.57 64.11
9 2.5 14.68 21.28 33.22 47.8 60.65

AXLen:= AllData(o) IDA11:= A1IData(') ODAI1 := AllData)

100

._

(n'/)

50 s

Stress Distribution
II I I I I

, 44 2.087

--- -- -- -- ----

I I I. I I

0

-50
) 0.5 I 1.5 2

Axial Elevation above Bottom [inch]
2.5 3 3.5

- ID Distribution
OD Distribution
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Verified by:
S. C. Gray



Entergy Operations Inc.
Central Engineering Programs

Appendix "C'; Attachment 10
Page 4 of I1

Engineering Report
M-EP-2003-002-01

Observing the stress distribution select the region In the table above labeled DataAfl that represents the
region of Interest. This needs to be done especially for distributions that have a large compressive
stress at the nozzle bottom and high tensile stresses at the J-weld location. Higlight the region In the
above table representing the region to be selected (click on the first cell for selection and drag the
mouse whilst holding the left mosue button down. Once this Is done click the right mouse button and
select 'Copy Selection"; this will copy the selected area on to the clipboard. Then click on the "Matrix'
below (to the right of the dtat statement) to highlight the entire matrix and delete it from the edit menu.
When the Mathcad input symbol appears, use the paste function In the tool bar to paste the selection.

Data :=

0

0.564

1.016

1.378

1.668

1.9

2.087

2.224

2.361

-24.18

-1.412

22.032

29.956

34.51

33.218

28.217

22.006

17.219

-21.838

-3.32

16.773

26.483

28.439

28.069

28.594

25.059

23.064

-20.55

-4.982

12.529

21.849

24.198

26.319

29.911

31.606

32.349

-19.438

-6.476

8.722

16.053

22.09

32.416

41.713

45.624

47.567

-18.504)

-7.753

4.428

9.428

22.082

42.48

57.592

63.118

64.115 

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

RID := regress(Axl, ID, 3) RQT:= regress(Ax1,QT,3)

ROD:= regress(Axl, OD,3)

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

Developed by:
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FLCntr = -co if Val = i Flaw center Location above Nozzle Bottom

if Val = 2

+ co otherwise

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

20

No User Input is required beyond this Point

M Sat Aug 09 10:59:39 AM 2003
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PrOPLength = 0.383

0.6

._

- 0.4 

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

I I I IIII

0.2 

0 )
0.5 I 1.5 2 2.5 3 3.5 4

Operating Time {years}

2

u

._

I-

0

II

I I I I I I I

.383

I I I I I I I

0

-1
0 0.5 I 1.5 2 2.5 3 3.5 4

Operating Time {years}
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100

U

i-

C

._

5

C)

U

14

80

60 

Stress Intensity Factors

. ... .. ..... ....... ....... .. ..._....

... . . I 

40 

20

0
0 0.5 I 1.5 2 2.5

Operating Time {years}
3 3.5 4

- Depth Point
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Developedby:
J. S. Brihmadesam

Ve-ried by:
B. C. Gray



Entergy Operations Inc.
Central Engineering Programs

Appendix "C'; Attachment 10
Page 8 of 11

Engineering Report
M-EP-2003-002-01

Influence Coefficients - Flaw

1.1

0.9

c

In

E

C

0

._n

C

-

0.8

0.7

0.6

0.5

0.4

A-~~~~~~~~~~~... ...

. -.. ------- ^--------------------------------. ........................... ._

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

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

0.3

0.2

0.1

0

A:
,. .

A:

.

,. .

.

A:

.

,. .

.

.

.#

,. .

.

A:
,. .

A:

.

,. .

.

A:

.

,. .

.

.

Verified by.
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.#

CZ'% ''�

A:

.____________----------------------------------------------------------------------------------------------------__------.._ ._._._. ._ ._._. _._._ _._._._ . ._._ ._._. ._.__. -_._._ _._._._._._- _. __._-._.-._ ._._. -_ _._._.-_ _._ _._._.-_._. .w ._._.__. ._._._. _ _ ._. -_. _. ._ _. -_._._. ._ -._._._._. -.-__._. -_ 

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

-------- "c" - Tip -- Quadratic
----- "c" - Tip -- Cubic
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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

1.103
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CGRsambi
(k, 6)

15.797

15.981

15.987

15.993

15.998

16.004

16.009

16.015

16.02

16.026

16.031

16.037

16.042

16.048

16.053

16.059

CGRsambi (k, 5)

13.11
13.273

13.279

13.284

13.29

13.296

13.301

13.307

13.313

13.318

13.324

13.33

13.335

13.341

13.347

13.352
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60

40

5

' 20

-20

-4 0
0.0 0.5 1.0 1.5 2.0 2.5

Axial Distance From Nozzle Bottom {inch)
3.0 3.5

0.16 -

0 14 -

2 0 1 2 -

C 0 1 0 -

o 0.08 -

0 06 -

0 04 -
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O pera tin g Time (years)I

3 4
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0 1 2 3 4
O perating Time (years)

22 -

2 0 -

t 18-

18 -I
E

14 -
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