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Primary Water Stress Corrosion Crack Growth Analysis - OD SurfaceFlaw

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

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 -"28.8" Degree Nozzle, Downhill azimuth,
1.384" above Nozzle Bottom

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "R /t" -- between 1.0 and 300.0

OD Surface Flaw

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1.
The comrection is applied in the determination of the crack exlension fo

obtain the value in inch/hr .

The first Reguired 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 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 = 1.384 Reduced Blind Zone; Free span is 0.16 inch

To place the flaw with repsect to the reference point, the flaw tips and center can be located as follows:

1) The Upper "c- 1ip" located at the reference point (Enter 1)
2) The Center of the flaw at the reference point (Enter 2)
3) The lower “c- 1ip" located at the reference point (Enter 3).

Val =2

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

Upper Axial Extent for Stress Distribution to be used in the Analysis (Axial distance above

UL 0 = 1.704
Strs.Dist nozzle bottom)

Verified by:

Developed by:
B. C. Gray

J. 8. Brihmadesam
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Input Data :-
L =032 Initial Flaw Length
ag = 0.661-0.12 Initial Flaw Depth
od := 4.05 Tube OD
id :== 2.728 Tube ID
le = 2235 Design Operating Pressure (internal)
Years := 4 Number of Operating Years
Ilim = 1500 iteration limit for Crack Growth loop
T := 604 Estimate of Operating Temperature

0 = 2.67-107 12 Constant in MRP PWSCC Model for I-600 Wrought @ 617 deg. F

Qg =310 Thermal activation Energy for Crack Growth {MRP)

T..¢ =617

ref Reference Temperature for normalizing Data deg. F

od id t .
R, = - Riqg= > t:=R,-Ryy Ry =Rjg+ 3 Tlmopr = Years-365-24
Tim Ii; L Rm
CFinhy = 1417100 Cpppi= — Pty = % =3 Ro=—
lim

-Qg 1 1 )
1.103-1073 | T+459.67 T o(+459.67 }

COI = -0l Temperature Correction for Coefficient Alpha

Co=Cp 75 ! percentile MRP-55 Revision 1

Stress Input Data

Developed by: Verified by:
J. 8. Brhmadesam B. C. Gray
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Input all available Nodal stress data in the table below. The column designations are as follows:

Column "0" = Axial distance from minumum to maximum recorded on data sheet{inches)
Column "1" = ID Stress data at each Elevation (ksi)
Column "2" = Quarter Thickness Stress data at each Elevation (ksi)
Column "3" = Mid Thickness Stress data at each Elevation (ksi)

Developed by:

Column "4" = Three Quarter Thickness Stress data at each Elevation (ksi)

Column "5" = OD Stress data at each Elevation (ksi)

AllData := , - e
1 2 3 4
0] 0 -17.41 -13.55 -11.11 -8.88 663
1 0.46 -8.49 -6.31 4.92 3.7 -2.54
2 0.83 0.09 0.18 0.11 0.19 0.28
3 1.13 7.03 6.95 6.31 5.21 4.65
2| 1.36 8.22 10.95 10.85 9.51 5.65
5 1.55 13.27 16.41 16.06 17.13 2526
f6 17 2063 2224 25.41 43.58 53.78
K 1.83 29.04 28.83 31.29 53.55 64.08
B 1.95 33.95 30.93 36.41 61.6 71.01
B 2.07 29.59 31.79 40.54 64.61 76.42
[0 2.19 23.26 29.74 412 64.19 79.63
H1 2.31 18.69 27.73 41.29 61.78 78.12
12 243 15.39 26.1 40.67 58.6 72.78
AXLen := AliData®® ID 5y := AllData" 0D, = AllData’™
Stress Distribution
100 T : T T T
1544 1,786 e
;."/ ~ \‘\
IDppy 50 "/“ ‘ =

ODy

Stress [ksi]

J. 8. Bnihmadesam

AXLen
Axial Elevation above Bottom [inch]

35

Verified by:
B. C. Gray
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Observing the stress distribution select the region in the table above labeled Data,, 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 -17414 -13552 —1L113 —8.884 —6.628)
0461 —8494 —631 —4924 —3.706 —2.541
083 0089 0179 011 0186 0284
1126 7025 6953 6314 5208 4.646
1363 8215 10954 1085 9512 5646
Data := | 1552 13266 1641 16061 17.131 25256
1704 20627 22237 25413 4358 53784
1825 20036 2883 31285 53.547 64.082
1946 33945 30929 36407 616 7101
2066 29.591 31788 40536 64.612 76.418
\2.187 2326 29738 412  64.193 79.626 )

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

Rypy := regress(Axl, 1D, 3) Rt = regress(Axl1, QT,3)
ID QT
Rgp = regress(Axl,0D, 3)

R = regress(Ax1,MD, 3) Ry = regress(Axl, TQ,3)
MD TQ

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

RefPoint +¢g otherwise

- ULstrs Dist = UTi
. — : Iy
UTip = FLCntr + €0 Incgirs avg = 20

Developed by: Verified by:
J. 8. Bathmadesam B. C. Gray
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No User Input is required beyond this Point

{5) Sat Aug 09 10:21:18 AM 2003

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

J. 8. Brihmadesam
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Stress Intensity Factors

Appendix "C"; Attachment 47
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Developed by:

J. 8. Brihmadesam

0.5 1 L5

2

25

Operating Time {years}
— Depth Point Entergy-CEP Model

Surface Point Entergy-CEP model

Engineering Report
M-EP-2003-002-01

Verified by:
B. C. Gray
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Influence Coefficients - Flaw
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PR — HCII 'S Tip e Cubic
Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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CGRsambi(k 8) = CGRsambi(k’ 6 = CGRsambi(k, 5) =
0.827 10.823 7.907
0.827 12.011 8.77
0.827 12.014 8.773
0.827 12.016 8.776
0.827 12.018 8.778
0.828 12.02 8.781
0.828 12.022 8.784
0.828 12.024 8.787
0.828 12.027 8.79
0.829 12.029 8.793
0.829 12.031 8.796
0.829 12.033 8.799
0.829 12.035 8.802
0.829 12.038 8.805
0.83 12.04 8.807
0.83 12.042 8.81
Developed by: Verified by:

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

J. 8. Brihmadesam B C. Gray
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Crack growth length Direction {inch}
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Operating Time (years}

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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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. 6ray

Note : Only for use when R,,..»/7 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 -"28.8"Degree Nozzle, 22.5 degree from Downhill Azimuth, Augmented
Analysis 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 comrection is applied in the determination of the crack extension to Th E'oug h Wa"
obtain the value in inch/hr . Axial Flaw

The first Input is to locate the Reference Line (eg. 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 This is the normal blind zone

The Second Input 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.

ULSyrs.Dist :== 1.8317 Upper axial Extent for Stress Distribution to be used in the analysis (Axial distance
above nozzle bottom)

Developed by: Verified by:
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Input Data :-

L:= .794 Initial Flaw Length TW axial (Based on 10 Ksi average stress)

od := 405 Tube OD

id == 2.728 Tube ID

Pipt = 2235 Design Operating Pressure (internal)

Years = 4 Number of Operating Years

Ljim := 1500 lteration limit for Crack Growth loop

T:= 604 Estimate of Operating Temperature

v = 0.307 Poissons ratio @ 600 F

age:= 2.67-107 12 Constant in MRP PWSCC Mode! for 1-600 Wrought @ 617 deg. F

Q=310 Thermal activation Energy for Crack Growth {MRP)

Tref := 617 Reference Temperature for normalizing Data deg. F

-Q 1 1 \
1.103- |0‘3 T+459.67 T,.;+459.67 ) .

Cop=¢ oo Timgp = Years-365-24

Ry = o?d Ri:= % t=Ry—-Rj Rm=Rj+ % CFinhr == 1.417-105
Timg I
Cplk = Ll Pty := im I:= L
liim 50 2

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

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)

Datap) ==
0 1 2 3 4
0 0 -14.21 -11.51 9.79 -8.24 .72
1 0.5 6.49 -5.19 4.42 3.8 -3.18
2 0.89 1.55 1.02 0.56 0.26 0.08
3 1.21 8.43 7.98 7.2 6.19 5.29
4 1.46 10.25 12.71 12.22 11.35 8.36
_”‘5 , 167 15.66 18.34 18.7 20.84 29.7
6 1.83 2432 2453 26.71 44 52 57.73
7 1.95 315 28.7 31.23 53.02 63.55
8 2.07 31.98 30.11 35.63 59.45 69.03
9 2.19 26.83 29.95 38.37 61.12 72.69
10 2.31 20.84 27.29 385 59.95 75.04
11 243 15.99 24,67 38.16 58.17 73.85
AllAx] := Datag(* ANID := Datag \V AIIOD := Datag >

Developed by:

Verified by:
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13.33
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1.5 2 25 3 35

Axial Distance above Bottormn [inch]
— ID Distribution
- 0D distribution

Observing the stress distribution select the region in the table above labeled Data,, 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
0.495

Data :=

Axl:= Data( 0

Ryp = regress(Axl,ID, 3)

0.892
1.21
1.464
1.668
1.832
1.951
2.071
2.19

\ 2.31

ID ;= Data

—-14.205
-6.493
1.555
8.43
10.247
15.665
24.321
31.496
31.975
26.833
20.84

(P

-11.506 -9.79 —8.243 —6.722)

-5.188 —4.425

1.021
7.98
12.709
18.335
24.532
28.696
30.109
29.946
27.287

0.565
7.199
12.22
18.703
26.71
31.228
35.633
38.369
385

OD := Data

-3.796
0.257
6.186
11.35

20.835

44.525

53.015

59.449

61.124

59.952

-3.176
—0.076
5.292
8.364
29.697
57.729
63.555
69.026
72.691
75.043 )

&Y

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

Developed by:

Verified by:
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FLepg:=BZ -1 Flaw Center above Nozzle Bottom
Ine _ ULsirs.pist — BZ
Strs.avg - —_20

No User Input required beyond this Point
&) Sat Aug 09 11:44:49 AM 2003
Developed by: Verified by:




Entergy Operations Inc. Appendix "C"; Attachment 48 Engineering Report
Central Engineering Programs Page 6 of 10 M-EP-2003-002-01

PropLength = 0.288

Flaw Length vs. Time

15 13

/ 507

-
£
Kel

-h.g

Flaw Growth -Axial {inch}

03, 0.5 1 1.5 2 2.5 3 3.5 4 45 5

TWprscc i
Operating Time {ycars}
— Entergy Model

Increase in Half Length

1.5

oS —— ———— —— ‘

Increase in length {inch)

0 0.5 1 1.5 2 25 3 35 4
Operating Time {Years}

Developed by: Verified by:
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300

200

Stress Intensity Factor {ksi sqrt inch}

0 0.5 1 1.5 2 25 3 35 4
Operating Time {Years}

=== QD SIF - Entergy Model

=== D SIF - Entergy Model

— SIF Average

Developed by: Verified by:
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TWCpwsec; ) = TWCpwseo; 7, = TWCpwscc; g =

16.053 13.281 15.158
22574 17.602 20.728
32579 17.606 20733
22585 17.61 20.738

2259 17.615 20743
22.505 17.619 20.748

226 17.623 20.753
22,605 17.627 20.758
22611 17.631 20.763
22616 17.636 20.768
22.621 17.64 20773
22626 17.644 20.778
22,631 17.648 20.783
22637 17.652 20.788
23642 17.657 20.793
22647 17.661 20.798

Developed by: Verified by:
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Hoop Stress Plot
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Developed by:

Verified by:
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Developed by: Verified by:




Appendix D

Contains Mathcad worksheets for;
1) Evaluations of Curve Fitting method.
2) Demonstration of the validity of the Moving Average method.
3) Comparison of SICF for the Edge Crack Formulation and Current model.
4) Comparison of Conventional and Current model for OD Surface Crack.
5) Comparison of Current model with Conventional model and edge Crack.
model for Through-wall Crack.

This Appendix has five (5) Attachments.
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Evaluation of Curve fit for Stress Profile Generation along the Tube Axis

In this worksheet the effect of data set selection for curve fitting, using a third order polynomial is evaluated. The data table
below is form a data set used in the CEDM analyses. This data set is imported directly from the Excel spreadsheet provided
by Dominion Engineering for the CEDM. The evaluation considers the full data set and a limited data set spanning the region

of interest.
The purpose of this evaluation is to demonstrate the need for the proper selection of a subset of nodal stress data (in the region

of interest) to ensure the accuracy of the analysis.

Data set imported from Excel spreadsheet.

AllData := — : e
0 1 2 3

.0 0.0000 -28.3240 -12.1600 -21.0000
1 0.3500 -18.7940 -6.6070 3.6550
2 0.6300 -17.8380 -4.4070 2.0800

' 3 0.8540 -20.5170 -5.9020 -1.5360
4 1.0340 -19.6630 -5.2880 1.4600
5| 1.1780 -17.2030 -0.5150 21.0190
6 1.2930 -8.0230 10.4610 37.2890
7 1.4420 4.7780 24.9030 54.0890
8 1.5910 13.2520 35.2780 66.5170
9 1.7400 16.0010 39.1940 75.0010
10 1.8890 15.8570 40.2350 74.8740
11 2.0380 12.6290 41.2630 66.7770
12 2.1870 10.0610 39.6280 55.0120
13] 2.3360 11.1610 35.6460 37.6700
'!lﬁ 2.4850 17.2630 31.3090 24.6930
15 2.6340 27.2640 26.5110 17.4680
16 2.7830 35.4650 27.1090 16.3050
17 2.9930 39.9490 31.3960 12.4040
18 3.0820 39.5470 37.1560 1.4480

AxlLen := AllData(O> IDAIl := AllData( D MidWall ;= AllData(Z) ODAIll := AllData<3>
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(0 -28324 -1216 -21 )
0.35 -18.794 —6.607 3.655
063 -17.838 —4.407 2.08 Selected subset from the data table above
0.854 -20.517 -5.902 -1.536
1.034 -19.663 —-5.288 146

Data :=
1178 -17.203 —0.515 21.019
1293 -8.023 10461 37.289
1442 4778 24.903 54.089
1.591 13252 35278 66517
174 16001 39.194 75.001)
ALen := Data® Dy, = Data’ MWy, = Data® OD;;, = Data”

Regression for the full data set

RIDpy; = regress(AxILen, IDAII, 3)

RMW ;= regress(AxlLen, MidWall, 3)

RODy, ) = regress(AxlLen, ODAIL, 3)

Bottom := 0 Top:= 3.2

Dist := Top — Bottom Incr .= —

Regression for selected data set

RIDg4, = regress(ALen s IDfims 3)

RMW ¢, := regress(ALen, MWy, 3)

RODdata = regress(ALen,ODlim,Zl)

WB:=1.74

D := WB — Bottom Incrl .= -]2
20
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LO = 0 - Incr Leno := 0 — Incrl

i=1.20

Li = Li—l + Incr Leni = Leni_l + Incrl

Determination of Stresses at three locations across wall thickness, using the full data set
ID_; .= RID + RID -L.+ RID -L2+RlD -L3
all, = RIDpjj, + RID4) L+ RIDy (L) Al (L)

2 3
MWy = RMW ) + RMW ) -L; + RMW Alls'(Li) + RMWA“6-(Li)

2 3
OD,yp = RODy_+ ROD,y ‘L. + RODA +(L)* + RODAy -{L:
all, Al Al L all (L) Al (L)

Determination of Stresses at three locations across wall thickness, using the selected data set

2 3
mdatai = RIDdam3 + RIDdata4-Leni + RIDdatas-(Leni) + RIDdata6-(Leni)

2 3
MW gata, = RMWgata + RMWggep Lo, + RMWdatas-(uni) + (RMWdata6)-(Lcni)

2 3
ODgats, := RODea , + RODggrp Len; + RODdatas-(Leni) + RODdata6-(Leni)
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Graphical Display of Results

Distribution Full Nodal Stress Data
I I | ] 1 |

] | | | | 1
0 0.5 1 1.5 2 25 3 35
Axial Length {inch}

— ID Distribution
— Mid-Wall distribution

Full Data: @ ID Location
I i | | | -

1.293

1 1
0.5 1 1.5 2 25 3 35
Axial Eleveation from Bottom {inch}
— ID Regression using All Data

=== ID All Nodal Data

Nodal stress data plotted for the ID and the OD
distribution. This plot is based on the full data
set.

ID Stress Distribution:-

Comparison of regression fit versus the full data
set. The third-order polynomial does not provide
an accurate fit. The trend in the data is captured.
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OD - Regression vs Nodal Data

100 | 1 | | |
1293 3.082

g s o
=~ OD Stress Distribution:-
é Comparison of regression fit versus the full data
A set. The third-order polynomial does not provide
§ 0 an accurate fit. The trend in the data is captured.
T

-50 1 L 1 1 1 1

0 0.5 1 1.5 2 25 3 35
Axial Elevation from Bottom {inch}

— OD Regression Using All data

""""""" OD All Nodal Data

MidWall - Regression vs Nodal Data
50 | T T

— Mid-Wall Stress Distribution:-
20 Comparison of regression fit versus the full data
set. The third-order polynomial does not provide
an accurate fit. The trend in the data is captured.

Hoop Stress {ksi}

Axial elevation from Bottom {ksi}
— Mid-Wall Regression using All data
- Mid-Wall All Nodal Data
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Hoop Stress {ksi}

Hoop Stress {ksi}

ID - Selected Data Set

20 T | T

10

o

=10

=20

=30
0 0.5 1 1.5

Axial Elevation from Bottom {inch}
— ID Regression using Selected Data
- ID Selected Nodal Data

Mid-Wall - Selected Data Set
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ID Stress Distribution (Selected Data Set):-
Comparison of regression fit versus the selected
data set. The third-order polynomial provides an
accurate fit.

40 | | T

30

[
(=

—
(=]

-10 g

Mid-Wall Stress Distribution (Selected Data Set):-
- Comparison of regression fit versus the selected
data set. The third-order polynomial provides an
accurate fit.

=20

0 0.5 1 L5

Elevation from Bottom {inch}
— Mid-Wall Regression Selected Data Set
- Mid-Wall Selected Data Set
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OD - Selected Data Set

80 T T T

OD Stress Distribution (Selected Data Set):-
Comparison of regression fit versus the selected
- data set. The third-order polynomial provides an
accurate fit.

Hoop Stress {ksi}

i 1 |
0.5 1 1.5 2
Elevation from Bottom {inch}
— OD Regression using selected data Set
~= 0D Selected Data Set

=40
0

Conclusion :- By selecting the data judiciously, in the region of interest, facilitates an accurate regression fit of the data.
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Central Engineering Programs

Example Worksheet
Developed by Central Engineering Programs, Entergy Operations Inc.

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

Example to Evaluate Moving Stress Averaging Technique

Basis :- In this worksheet the moving average method is exercised to demonstrate that no numerical errors exist. In this
example a linear through-wall stress distribution that remains constant over the length of the nozzle is used. Thus the
moving average method, if working properly should provide the same linear through-wall distribution at all segments

considered.

This worksheet is developed using the stress distribution analysis portion from the working worksheets used in the
analyses. The data table in the worksheet was modified with the entry of a linear throughwall stress distribution at all
axial height locations. The result of the moving average technique was output as a table.

The first Reguired 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 necessary to evaluate the
stress distribution on the flaw both for the initial flaw and for a growing flaw. This is defined as the
reference point. Enter a number (inch) that represents the reference point elevation measured upward from the

nozzle end.

RefPoint = 1.544

To place the flaw with respect to the reference point, the flaw tips and center can be located as follows:
1) The Upper "c- 1ip” located at the reference point (Enter 1)
2) The Center of the flaw at the reference point (Enter Z)
3) The lower "c~ 1ip" located at the reference point (Enter 3).

Val =1

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.

Upper axial Extent for Stress Distribution to be used in the Analysis (Axial distance above

ULgtrs Dist = 275 nozzle bottom)

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



Entergy Operations Inc.
Central Engineering Programs

Apendix D; Attachment 2

Page 2 of 8

Engineering Report
M-EP-2003-002-01

Only input data pertinent to this worksheet are provided. The internal pressure and the information for the PWSCC crack
growth, which are not essential to the example problem, have been removed.

Input Data :-

=
I

Dé veloped by:
J. S. Brihmadesam

v g

| -

L := .35
ap = 0.035
od = 4.05
id := 2.728
id
Rijg =+
R
m
Ay

Initial Flaw Length

Initial Flaw Depth

Tube OD

Tube ID

t= RO_Rid Rm = Rid+5

Tim

op

r= Years-365-24

Verified by:
B. C. Gray
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The stress input table that is used to import the nodal stress data was modified. The stress input was manually entered as a
linear through-wall distribution at all axial height locations. The table entries below shows the entries used.

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)

Column "2" = Quarter Thickness Stress data at each Elevation (ksi)
Column "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 :=

A 0 1 2 3 4 5

0 0 8 10 12 14 16
1 0.35 8 10 12 14 16
2 063 8 10 12 14 16
3 0.85 8 10 12 14 16
ry 1.03 8 10 12 14 16
5 118 8 10 12 14 16
6 1.29 8 10 12 14 16
7 1.44 8 10 12 14 16
8 1.59 8 10 12 14 16
9 1.74 8 10 12 14 16
10 1.89 8 10 12 14 16
11 2.04 8 10 12 14 16

AXLen := AllData’” ID ) = AllData” 0D, = AlData™
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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The graph below is a plot of the table data in the previous page. Note the horizontal lines for the ID and OD stress
distribution along the nozzle length. Therefore, the input data shows that there is a constant distribution along the

nozzle length
Stress Distribution
20 T T T T | T
‘E 15} -
w
5
& [ -
5 1 | 1 ] | |
0 0.5 1 L5 2 25 3 35
Axial Elevation above Bottom [inch]
— ID Distribution
""" - OD Distribution
[ 0 810121415\
035 8 10 12 14 16
063 8 10 12 14 16
0854 8 10 12 14 16
1.034 8 10 12 14 16
1.178 8 10 12 14 16 The data matrix to the left is the selection of data from
the data table used to input the data. All entries have
1293 8 10 12 14 16 been selected. The matrix is exactly the same as the
1442 8 10 12 14 16 input data table
Data:=(1591 8 10 12 14 16
1.74 8 10 12 14 16
1.889 8 10 12 14 16
2038 8 10 12 14 16
2.187 8 10 12 14 16
2336 8 10 12 14 16
2485 8 10 12 14 16
2634 8 10 12 14 16
\2.783 8 10 12 14 16)
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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The statements below are the assignment statements defining the column arrays for the axial height followed by the five
locations across the tube wall thickness.

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

Ryp := regress(Axl, 1D, 3) RQT := regress(Axl1,QT,3)
Rop := regress(Ax],0D, 3)

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

The statement below defines the flaw location to be used in the analysis, based on the entry for the variable "Vat"
entered on the first page.

FLCntr = RefPoint ) if Val=1 Flaw center Location above Nozzle Bottom
RefPoint if Val=2
RefPoint +¢p otherwise

The two statements below are as follows:
1) The statement on the left defines the upper crack tip based on the flaw location determined above.
2) The statement on the right computes the segment height for the segments above the upper crack tip based
on twenty equal segments.

ULgtrs.Dist ~ UTi
— — : P
UTip = FLcntr + €0 InCgtr avg = 20

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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The statements below develops the through-wall stress profiles at the twenty-three segments (three segments for the
initial flaw length and twenty segments above the upper tip of the flaw.

Calculation to develop Stress Profiles for Analysis

N:=20 Number of locations for stress profiles

Locy == FLopyr— L

i=1.N+3 Incrj == ¢ if i<4

I“cStrs.avg otherwise

Loc; := Locj—1 + Incrj

SID; = Ryp,_+Ryp ‘Loci +Rpp (Loci)* + RID6-(Loci)3
5
2 3
SQT; = RQT3 + RQT4 Locj+ RQTS'(LOCi) + RQTG'(LOCi)
SMD; := Ryp, +Rymp,Loci + RMDS-(Loci)z + RMD6-(Loci)3

2 3
STQi := Ryq, + Rrq,Loci + RTQS-(Loci) + RTQG-(Loci)

2 3
SOD; = ROD3 + ROD4' Loc; + ROD5~(L0ci) + ROD6'(L°°i)

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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The statements below perform the moving average stress profile calculations. The first profile, at location 1, is the average
profile for the initial crack. The remaining profiles are the average profiles for the twenty segments above the upper tip of the

crack.
j=1.N

SID; + SID;4 + SID; SQT; + SQT;4; + SQT;

Sy = j j+1 #2 e im Sqt. = QT; + SQTj41 + SQTj42 it =
J 3 § 3
Sid._]'(j +1) + SIDj42 Sqt(._l)‘(j +1) + SQTj42
J - otherwise J - otherwise
j+2 Jt2

SMD; + SMDj4; + SMD; STQj + STQ;41 + STQ;j

Smd. = J I+ )2 if j=1 Stq — Qj Q_|+] Q_|+2 if j=1
i 3 i 3

Smdj_l.(j +1) + SMDj4 Stq._l‘(j +1) + STQj+2

- otherwise J - otherwise
j+2 j+2
SOD; + SODj4 + SOD;j
Sod. = s 2 =1
j 3
Sodj_]'(j + 1) + SODj42
- otherwise
Jj+2
Developed by: Verified by:

J. S. Brihmadesam 8. C. Gray
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Presented below is the output at each location defined for the moving average stress profile. The first element in each array is for
the average stress profile for the initial crack. The subsequent elements in each column array are for the equal segments above
the upper tip of the flaw. Each column array represents one of the five locations across the wall thickness (marked).

D Quarter Mid-Wall Three -Quarter oD
Thickness Thickness Wall Thickness

S‘id_i = Sqtj = Smdj = Stqj = Sodj =
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16
8 10 12 14 16

The output of the moving average evaluation is the same as the input data. This ensures that the moving average technique is
functioning properly.

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



Entergy Operations Inc. Appendix D; Attachment 3 Engineering Report
Central Engineering Programs Page 1 of 4 M-EP-2003-002-01

Comparison of Edge Crack Model With Through-wall Model {SICF)

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

References :
1) Murakami; "Stress Intensity factors handbook”; 1.3 Single Edge Cracked Plate; page 771.

Arkansas Nuclear One Unit 2

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

In this worksheet a comparison between the SICF for an Edge Crack and the axial through-wall crack of the current model are

compared. For the edge crack the SICF is dependent on the ratio of crack length to plate height. For the application to the
CEDM nozzle the plate height can be assumed at three locations, these are:

1) The nozzle length upto the bottom to the J-weld (the bottom point of fixity for the nozzle)

2) The nozzle length upto the top of the J-weld (the upper point of fixity for the nozzle)
3) The nozzle length assuming no fixity.

For the current model only the SICF for the membrane loading is used for comparison because the SICF for these two
conditions are separate and are applied to the SIF for equivalent plate geometry. Hence three is no single SIF that represents
a composite SICF. However a comparison using the membrane SICF should facilitate a rational assessment.

The first Input is to locate the Reference Line (eg. top of the Blind Zone). The through-wall flaw “Upper
Tip" is located at the Reference Line.

Enter the elevation of the Reference Line (eg.Blind Zone) above the nozzle botfom in inches.

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

The Second Input 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.

ULgtrs Dist := 1.796 Upper axial Extent for Stress Distribution to be used in the analysis (Axial distance
above nozzle bottom)

Edge Crack- Entergy-Comparison-000.mcd
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The input data below are only for those variables essential to this assessment.

Input Data :-
L :=.794 Initial Flaw Length TW axial
od = 4.05 Tube OD
id:= 2.728 Tube ID
Pint = 2.235 Design Operating Pressure (internal)
v := 0.307 Poissons ratio at 600 deg. F
R(,:=0—2d Rﬁ:% t:= Ry — Rj Rm:=Ri+§ N:= 500

The plate height are set to three elevations as follows:
1) Bottom of the J-weld.
2) Top of the J-weld.
3) Full length of Nozzle.

b:= ULgyspist  Bottom of J-weld
by == 2.886 Top of J-Weld

b2 =20 TOp of Nozzle Inc:=

Zle

It is important to note that the SICF for the Edge Crack model are limited to the a/b ratio (Crack length/height) of 0.6.
Therefore, for the crack length when the a/b ratio is violated are as shown below.

Case 1: Plate height equal to nozzle length to bottom of weld:- b0.6 = 1.078
Case 2: Plate height equal to top of J-weld:- by-0.6 = 1.732
Case 3: Plate height equal to Nozzle Length :- by-0.6 = 12

Edge Crack- Entergy-Comparison-000.mcd
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Calculations :

2y = 0
j=1.N-1
a. a. a.
a.:=a. . +Inc x, = =2 xl_:=—j xg.:=—"
J7 i"b i b i by
Brown and Srawley Model For edge Crack in a Plate
Fps = 1.12 - 0'231'xj + 10'55'(xj)2 - 21_72.(xj)3 + 30,39.(xj)4 Plate height as length below Fillet weld to tube bottom
i

Fps1 = 1.12 - 0.231-x)_+ 10,55.(,(1 _)2 —21.72 (Xl _)3 + 30.39.(,(1 .)4 Plate height as length below Top of J-weld to tube bottom
i j i i i

Fps2 = 1.12 - 0.231-xp + 1().55-()(2.)2 - 21.72-(x2 ,)3 + 30.39-(x2_)4 Plate height as Full length of Nozzle
J ] ) J J

Through-wall Axial crack in a Thick Cylinder {Entergy Model)

a;

0.25 2
S

AeM, := 1.009 + 036214 + 0.0565-(lj)2 - o.oosz-(xj)3 + 0.0004-(7»1-)4 - 832610 %(a j)5
AeB:= 00029 + 0.0707-(1))' - 0.0197.(1;)" + 0.0034-(x j)3 ~ 0.0003-(A j)4 + 88052107 S.(n j)5

AbM, := ~0.0063 + 0.919-A - 0.168-(lj)2 - 0.0052.(xj)3 + 0.0008-(A j)4 - 2970110~ 5.()“1-)5
AbB; = 0.9961 — 0.3806: + 0.1239(1,;)" - 0.0211-(;)’ + 0.0017-(1))* - 4.9939-107 % (1))’

AM_ = AeM. + AbM. Ap = AeB. + AbB,
J J J j ] )

Edge Crack- Entergy-Comparison-000.mcd
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Magnification Factor {dimensionless}

Comparison of Magnification Factors

794 1.544

0.803592 0.12 024 036 048 0.6 072 084 096 1.08 1.2 1.32 1.43 1.55
Flaw length {inch}
— Edge Crack Panel Height upto Bottom of fillet weld
""""""" Edge Crack Panel Height upto Top of J-weld
Edge Crack Panel Height equal Full Nozzle Length {20 inches}
— Entergy Model Membrane

1.67

1.79

Edge Crack- Entergy-Comparison-000.mcd
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Comparison of Surface Crack Models : Conventional Mode! with the Current Model

Developed by Central Engineering Programs, Entergy Operations Inc
Developed by: J. S. Brihmadesam Verified by: B. C. 6ray

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

Purpose :- This worksheet is used to compare the crack growth and SIF results between the conventional model (using a
fixed R/ ratio and a fixed flaw aspect ratio- a/c) and the current model. The current model uses the R/ ratio appropriate to
the CEDM nozzle tube geometry and the flaw aspect ratio is not fixed. The flaw aspect ratio is determined at each crack
growth interval based on the seperate growth for both the depth direction (a-tip) and the length direction (c-tip). Therefore, the
current model permits the evaluation of crack growth through the wall thickness and along the nozzle surface simultaneously.
The evaluation, using the same residual stresses distribution, compares the results form both models. The worksheet is
essentially the same as that used in the analyses. The only difference is that a separate loop. The graphical presentations
towards the end of the worksheet present the comparative results.

Arkansas Nuclear One Unit 2

Component : Reactor Vessel CEDM -"8.8" Degree Nozzle, "0" Degree Azimuth,
1.644" above Nozzle Bottom

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1. OD Surface Flaw
The correction is applied in the determination of the crack extension to
obtain the value in inch/hr .

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



Entemy Operutions Inc Appendix D; Attachment 4 Engineering Report
Central Engineering Programs Page 2 of 31 M-EP-2003-002-01

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 necessary to evaluate the
stress distribution on the flaw both for the initial flaw and for a growing flaw. This is defined as the
reference point. Enter a number (inch) that represents the reference point elevation measured upward from the
nozzle end.

RefPoint = 1.544

To place the flaw with respect to the reference point, the flaw tips and center can be located as follows:
1) The Upper "c- 1ip" located at the reference point (Enter 1)
2) The Center of the fiaw at the reference point (Enter 2)
3) The lower "C- 1(p" located at the reference point (Enter 3).

Val :=2
Input Data :-
L = 0.3966 Initial Flaw Length
aq) = 0.0661 Initial Flaw Depth
od := 4.05 Tube OD
id ;= 2.728 Tube ID
le = 2235 Design Operating Pressure (intemal)
Years := 4 Number of Operating Years
Ljjm = 1500 Iteration limit for Crack Growth loop
T := 604 Estimate of Operating Temperature

0 = 267 10~ 12 Constant in MRP PWSCC Model for 1-600 Wrought @ 617 deg. F

Qg =310 Thermal activation Energy for Crack Growth {MRP)

T

ref = 617

Reference Temperature for normalizing Data deg. F

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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od id t .
Ro = - Rid = 5 t:= Ro -Ryg Ry, = Rid"' 3 TlmOpr := Years-365-24
Tim L R,
— 5 — opr _ | Jim _L —
CFinhr =1417-10 Cblk = . Pmtblk = ? ¢y = -2- Rt = —t_
im

Q1 )
1.103-107 3 | T+459.67 T, o£+459.67 )

Cop = :|'a0c Temperature Correction for Coefficient Alpha

CO = Cp 75 th percentile MRP-55 Revision 1

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)

Column "2" = Quarter Thickness Stress data at each Elevation (ksi)

Column "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 3 4 5
0 0 -27.4 -24.36 -22.21 -20.41 -18.98
1] 0.48 063 -1.49 -36 4.44 -5.27
k2 0.87 17.66 16.42 14.61 12.41 9.38
3 1.18 298 26.05 2272 18.95 14.2
4] 1.43 3362 27.79 248 24.32 26.99
51 1.63 32.36 28.47 27.59 3428 45.1
6 1.79 27.39 28.92 31.39 43.88 63.72
7 1.92 21.5 25.56 3355 48.09 66.36
) 205 16.94 23.79 34.06 49.47 67.67
‘9 2.18 14.83 22.26 3478 49.05 63.38

Developed by:
J. 8. Brihmadesam

Verified by:
B. C. Gray
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Stress [ksi]
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ID 5y = AllData’"

Stress Distribution
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0D, := AllData’

100

ID All SO

ODy

———
-
e,

1 | | 1 1

-
~.,
~.
.,

1.5 2

AXLen
Axial Elevation above Bottom [inch]

Observing the stress distribution select the region in the table above labeled Data,, 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).

Ax] = Data<0>

Developed by:
J. 8. Brihmadesam

Data :=

MD := Data(3)

{0
0.483
0.87
1.18
1.428
1.627
1.786
1.919

\ 2.051

ID := Data\"

0.633
17.665
29.798
33.623
32364
27.394
21.498
16.944

—1.486
16.422
26.049
27.792
28.469
28918
25.556
23.793

—3.599
14.61
22.723
24.8
27.591
31.388
33.55
34.064

—4.44
12.415
18.95
24321
34.284
43.882
48.089
49.472

—27.404 —24356 —22209 —20.407 —-18.978\

~5.268
9.376
14.201
26.989
45.104
63.718
66.365
67672 )

TQ := Dats® QT := Data?

OD := Data®

Verified by:
B. C. Gray
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Ryp = regress(Axl,ID,3) RQT := regress(Axl,QT,3)
Rop := regress(Axl, 0D, 3)

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

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

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

RefPoint +¢g otherwise

ULstrs.Dist ~ UTi
— - ' p
Utip = FLcner + 0 Incgyrs.avg = 20

No User Input is required beyond this Point

Calculation to Develop Hoop Stress Profiles in the Axial Direction for Fracture Mechanics Analysis

N:=20 Number of locations for stress profiles

Locy :=FLcpye— L

i=1.N+3 Incrj = Jcg ifi<4

IncStrs.avg otherwise

Loc; := Locj—; + Incrj
SID; = RID + RID -Loc;j + RID '(LOCi)z + RID '(LOCi)3
3 4 5 6

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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SQT; = RQT3 + RQT4.Loci + RQTS‘(Loci)2 + RQT6.( Loci)3
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SMD; := RMD3 + RMD4-LOCi + RMDS.(Loci)2 + |: RMD6.(Loci)3i|

2 3
STQj = RTQ3 + RTQ4-LOCi + RTQS-(LOCi) + RTQ6'(LOCi)

SOD; =

ROD3 + ROD4-Loci + RODS-(Loci)2 + ROD6'(L°°i)3

Development of Elevation-Averaged stresses at 20 elevations along the tube for use in Fracture Mechanics Model

j=1.N
SID; + SIDj4 + SID;
Sy = [~ 22 g ey S, =
id. 3 qt
) J
Sld_l(-] +1)+ Sle+2
J - otherwise
Jj+2
SMD; + SMDj4 + SMDj;
S, = ] A 2 i j=a
j 3
Smdj_]'(j +1)+ SMDj+2
- otherwise
J+2
Developed by:

J. 8. Brihmadesam

S, =
tq

SQT; +SQTj+1 + SQTj42 .
3 if j=1
Sqt(j—l).( j+ 1) +8SQTj4 .
— otherwise
Jj+
STQ; + STQi4¢ + STQ;
Q_| Q:;]+l Q_]+2 if J =
= otherwise
]+
Verified by:

B. C. Gray
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SOD; + SODj4 + SOD;
Sod. = L 2 if =1

Sod._]’(j +1) + SODj4,
J otherwise

j+2

Elevation-Averaged Hoop Stress Distribution for OD Flaws (i.e. OD to ID Stress distribution)

ug = 0.000 up =025 Uy =050 ujz = 0.75 uy = 1.00

Y = stack(uo,ul ,UZ,U3,U4)

SIG, := stack(SOdl ,Stq,*Smd - Sqt, sidl)

SIG; = stack(Sod3 +Stq,>Smd, > Sqt, sids)

SIGg := stack(SodS,Stqs,Smds,Sth,Sids)
SIG, := stack(Sod7 +Stq,Smd_»Sqt.» sid7)

SIGg = stack(Sodg,Stqg,Smdg,Sqtg,Sidg)

SIG{ := stack{S S, LS S o LS
11 (odll tq,, mdll qt,, 1d“)

Developed by:
J. 8. Brihmadesam

SIG, = stack( Sod, Stq,*Smd,* Sqt, sidz)
SIGy := stack(Sod4,Stq4,Smd4,Sqt4,Sid4)

SIGg = stack(SOd6, Stq, smdé,sq%,si%)

SIGg := stack(Sods,Stqs,Smds,Sqts,Sids)

SIGq = stack{S .S LS .S ¢ LS
10 (Odlo tq,y’“md,;>"qt), ‘dlo)

SIG 5 = stack{S S LS S ¢ LS
12 (Odlz tq,,’"md,,”"qt,, ‘dlz)
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SIG ;4 := stack(S 8. LS .S, LS
13 (°d13 tq,;>"md,;;>"qt, 'd13)

SIG < := stack(S .S, LS .S+ LS
I5 (°d15 tq,5>°md, ;> >qt, ldls)

SIG~ := stack( S Sy S »Sat S
17 (°d17 tq,,”°md,,*"qt,, ‘dn)

SIG g := stack(SOd Stg,y*Smd, qt19,sld)

M-EP-2003-002-01
SIG 4 := stack(S S, LS S . LS

14 ( od,,>"1q,,°°md, > >qt, > Vid,,
SIG ¢ := stack{S S, LS S S

16 ( od,>°tq, md, > °qt, > id )

SIG ¢ := stack({S S, LS St LS
18 (Odls tq,g’“md, ¢ qt;g 'dls)

SIGH( := stack{S S, LS S LS
20 ( 0dyy’ “tdyy’ "md, o 7qty, 'dzo)

Regression of Through-wall Stress distribution to obtain Stress Coefficients through-wall using a Third Order

polynomial

ODRG := regress(Y,SIG,3)

ODRGj := regress(Y,SIG3,3)
ODRGs := regress(Y,SIGs;,3)
ODRG7 := regress(Y,SIGy,3)
ODRGy := regress( Y ,SIGg,3)
ODRG; = regress( Y,S51G,3
ODRGI3 = regress Y,SIG13,3

ODRG; := regress

( )
( )
ODRG 5 := regress(Y,SIGy5,3)
(Y.51G;7.3)
( )

ODRG g := regress( Y,SIG 9,3

Developed by:
J. 8. Brhmadesam

ODRG2 = regress( Y, SIG2 s 3)
ODRG4 = regress( Y, SIG4 R 3)
ODRG6 = regress( Y, SIG6 s 3)

ODRG8 = regress(Y , SIG8 s 3)
ODRG := regress(Y,S1G,3)
ODRGy; = regress(Y,SIG}5,3)

(
(
ODRG 4 = regress(Y,SIG 4,3
ODRGj ¢ := regress(Y,SIG 6,3
(
(

)
)
ODRGyg := regress(Y,SIG3,3)
)

ODR620 = regress Y,SIG20,3

Venified by:
B. C. Gray
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Stress Distribution in the tube. Stress influence coefficients obtained from third
order polynomial curve fit to the throughway stress distribution

Prop ength = ULStrs Dist ~ FLCntr — €0 Propy ength = 0.044

Data Files for Flaw Shape Factors from NASA (NASA-TM-111707-SC04 Nodel)
{NO INPUT Regquired}

Mettu Raju Newman Sivakumar Forman Solution of ID Part through-wall Flaw in

Cylinder
Jsb = —

j 0 1 2

1) 1.000 0.200 0.000
1 1.000 0.200 0.200
2 1.000 0.200 0.500
3 1.000 0.200 0.800
4 1.000 0.200 1.000
5 1.000 0.400 0.000
6 1.000 0.400 0.200
7 1.000 0.400 0.500
8 1.000 0.400 0.800
9 1.000 0.400 1.000
10 1.000 1.000 0.000
11 1.000 1.000 0.200
12 1.000 1.000 0.500
13 1.000 1.000 0.800
14 1.000 1.000 1.000
15 2.000 0.200 0.000
16 2.000 0.200 0.200
17 2.000 0.200 0.500
18 2.000 0.200 0.800
19 2.000 0.200 1.000
20 2.000 0.400 0.000
21 2.000 0.400 0.200
22 2.000 0.400 0.500
23] 2.000 0.400 0.800

Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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? 2.000 0.400 1.000
25 2.000 1.000 0.000
26| 2.000 1.000 0.200
27 2.000 1.000 0.500
28] 2.000 1.000 0.800
29 2,000 1.000 1.000
30] 4.000 0.200 0.000
31] 4.000 0.200 0.200
32 4.000 0.200 0.500
33 4.000 0.200 0.800
34 4.000 0.200 1.000
35 4.000 0.400 0.000
36 4.000 0.400 0.200
37 4.000 0.400 0.500
38 4.000 0.400 0.800
39 4.000 0.400 1.000
40 4.000 1.000 0.000
41 4.000 1.000 0.200
42 4.000 1.000 0.500
43 4.000 1.000 0.800
44 4.000 1.000 1.000
45 10.000 0.200 0.000
46 10.000 0.200 0.200
p7 10.000 0.200 0.500
48 10.000 0.200 0.800
49 10.000 0.200 1.000
50| 10.000 0.400 0.000
51] 10.000 0.400 0.200
52 10.000 0.400 0.500
g3 10.000 0.400 0.800
10.000 0.400 1.000
5 10.000 1.000 0.000
6 10.000 1.000 0.200
57 10.000 1.000 0.500
8 10.000 1.000 0.800
9 10.000 1.000 1.000
0 300.000 0.200 0.000
61 300.000 0.200 0.200
2 300.000 0.200 0.500
[63|  300.000 0.200 0.800
64 300.000 0.200 1.000
, 300.000 0.400 0.000
66 300.000 0.400 0.200
Developed by:

J. 8. Brihmadesam

Engineering Report
M-EP-2003-002-01

Verified by:
B. C. Gray
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7 300.000 0.400 0.500
8 300.000 0.400 0.800
E 300.000 0.400 1.000
70 300.000 1.000 0.000
71 300.000 1.000 0.200
72 300.000 1.000 0.500
73] 300.000 1.000 0.800
74 300.000 1.000 1.000
Sambi := e —
0 1 2 v
0 1.244 0.754 0.564 0.454 0.755 0.153 0.06 0.032
1 1.237 0.719 0.536 0.435 0.594 0.076 0.021 0.009
2 1.641 0.867 0.615 0.486 0.648 0.089 0.026 0.011
3 2.965 1.336 0.858 0.635 1.293 0.271 0.109 0.058
4 4.498 1.839 1.107 0.783 2.129 0.481 0.202 0.11
5 1.146 0.716 0.546 0.448 0.889 0.17 0.064 0.032
6 1.175 0.709 0.539 0.444 0.809 0.132 0.046 0.023
7 1.452 0.806 0.589 0.474 0.934 0.17 0.064 0.033
8 2.119 1.046 0.714 0.55 1.492 0.329 0.136 0.073
9 | 238 1.279 0.833 0.621 2.143 0.497 0.21 0.114
10 1.03 0.715 0.577 0.49 1.148 0.202 0.076 0.039
1 1.054 0.725 0.586 0.499 1.202 0.214 0.081 0.042
12 1.146 0.76 0.606 0.513 1.354 0.256 0.1 0.053
13 1.305 0.817 0.634 0.527 1.594 0.327 0.133 0.071
14 1.412 0.866 0.657 0.537 1.796 0.387 0.161 0.087
15 1.111 0.688 0.522 0.426 0.72 0.121 0.041 0.02
16 1.193 0.7 0.524 0.427 0.611 0.079 0.022 0.01
17 1.655 0.868 0.614 0.484 0.693 0.105 0.035 0.017
18 2.732 1.255 0.817 0.609 1.207 0.245 0.097 0.051
19 3.842 1634 1.009 0.726 1.826 0.395 0.162 0.086
20 1.077 0.685 0.528 0.436 0.817 0.14 0.049 0.023
21 1.136 0.692 0.528 0.436 0.796 0.13 0.046 0.022
22 1.403 0.785 0.576 0.465 0.959 0.182 0.071 0.037
23 1.942 0.984 0.682 0.53 1.425 0.315 0.131 0.071
24 2454 1.168 0.78 0.591 1.915 0.443 0.188 0.102
25 1.02 0.72 0.585 0.498 1.152 0.196 0.072 0.036
26 1.044 0.722 0.584 0.498 1.185 0.209 0.079 0.041
27| 1117 0.746 0.597 0.505 1.318 0.25 0.098 0.052
Developed by: Verified by:

J. 8. Brhmadesam

8. C. Gray
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28] 1.236 0.797 0.625 0.523 1.56 0.315 0.127 0.068
29 1.335 0.844 0.652 0.538 1.775 0.37 0.151 0.08
30 1.009 0.65 0.507 0.427 0.589 0.073 0.018 0.006
51 1.162 0.691 0.524 0.434 0612 0.08 0.023 0.01
32 1.64 0.861 0.613 0.488 0.786 0.134 0.049 0.025
315 2.51 1.178 0.782 0.596 1.16 0.242 0.097 0.051
34 3.313 1.464 0.932 0.693 1517 0.339 0.139 0.073
3§ 1 0.655 0.518 0.44 0.754 0.118 0.036 0.017
3% 1.109 0.685 0.53 0.445 0.793 0.13 0.045 0.022
37 1.36 0.773 0.575 0.472 0.994 0.195 0.078 0.041
38 1.727 0.914 0.653 0.523 14 0.318 0.134 0.073
39 2.025 1.032 0.72 0.568 1.781 0.427 0.181 0.1
40 0.986 0.711 0.589 0.513 1.127 0.189 0.068 0.034
41 103 0.72 0.591 0.513 1.163 0.204 0.077 0.04
42 1.094 0.743 0.603 0.52 1.286 0.243 0.096 0.051
43 1.156 0.777 0.625 0.536 1.498 0.302 0.122 0.064
'44_ 1.194 0.804 0.644 0.551 1.681 0.35 0.142 0.073
45 0.981 0.636 0.501 0.422 0.598 0.078 0.02 0.007
46 1.147 0.685 0.521 0.432 0612 0.08 0.023 0.01
47 1.584 0.839 0.6 0.48 0.806 0.142 0.053 0.028
48 2.298 1.099 0.739 0.568 1.262 0.277 0.114 0.062
E@ 2.921 1.323 0.859 0.645 1.715 0.402 0.169 0.092
EEG 0.975 0.645 0.516 0.439 0.75 0.114 0.036 0.017
51 1.096 0.68 0.528 0.444 0.788 0.128 0.045 0.022
EZ 1.31 0.755 0.565 0.456 0.984 0.192 0.076 0.04
E53 1.565 0.858 0.625 0.505 1.378 0.309 0.129 0.07
I54 1.749 0.938 0.675 0.539 1.747 0.411 0.174 0.095
ESS 0.982 0.709 0.588 0.515 1.123 0.188 0.068 0.034
56 1.025 0.718 0.59 0.513 1.156 0.202 0.076 0.039
I:’ﬂ 1.078 0.738 0.6 0.518 1.266 0.236 0.092 0.048
58_ 1.118 0.765 0.619 0.533 1.453 0.286 0.113 0.059
59 1137 0.786 0.636 0.548 1.613 0.326 0.129 0.067
60 0.936 0.62 0.486 0.405 0.582 0.068 0.015 0.005
61 1.145 0.681 0.514 0.42 0.613 0.081 0.024 0.011
IGZ 1.459 0.79 0.569 0.454 0.79 0.138 0.051 0.026
I63' 1.774 0917 0.641 0.501 1.148 0.239 0.096 0.051
64 1.974 1.008 0.696 0.537 1.482 0.328 0.134 0.07
65 0.982 0.651 0.512 0.427 0.721 0.103 0.031 0.013
66 1.095 0.677 0.52 0.431 0.782 0.127 0.045 0.022
6? 1.244 0.727 0.546 0.446 0.946 0.18 0.071 0.037
68 1.37 0.791 0.585 0.473 1.201 0.253 0.102 0.054
39 1.438 0.838 0.618 0.496 1.413 0.31 0.126 0.066

Developed by: Verified by:

J. 8. Brihmadesam

8. C. Gray
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W i= Jsb¥ X = Jsb" Y = Jst?
ayy = Sambi(0> ap = Sambi(l) aQ = Sambi(2>
cy = Sambi<4> L = Sambi<5> cQ = Sambi(G)
n:= |3 if R, <40
2 otherwise
"a-Tip"” Uniform Term
M, := augment(W,X,Y) Vau =ay Ry = regress(MaU,VaU,n)
A
f,u(W,X,Y) = interp| Ry, My Vaus| X |
Y)
f,y4,4,.8) = 1.741 Check Calculation
Linear Term
M, := augment(W,X,Y) VoL =3, R, = regress(Ma ,VaL,n)
W)

f,1 (W,X,Y) := interp| Ry , My, Vo | X |

Y)

Developed by:
J. 8. Brihmadesam

ac = Samb

cc = Samb

Engineering Report
M-EP-2003-002-01

£3)

{7

Verified by:
B. C. Gray
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fa1 (4,4,.8) = 0919 Check Calculation
Quadratic Term
MaQ := augment(W,X,Y) VaQ = aQ RaQ = regress(MaQ,VaQ,n)
W)
f,0(W,X,Y) := interp| Ry),Ma» V5| X |
Y)
faQ(4,.4,.8) = 0.656 Check Calculation
Cubic Term
MaC = augment(W,X,Y) VaC = ac RaC = regress(MaC,VaC,n)
W)
f,c(W,X,Y) = interp| Ry, My, Vaco| X |
Y)
fac(4,4,.8) = 0524 Check Calculation
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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"C" Tip Coefficients

Uniform Term

M.y = augment(W,X,Y) Veu =cu

W

f,uy(W,X,Y) := interp| R 1, Myy» Veuo| X |

Y)

foyf4,4,.8) = 1371 Check Calculation
Linear Term
M = augment(W,X,Y) VoL =¢cL
LA

£ (W.X,Y) := interp| Ry ;M , V| X |

Y)

fop(2,.4,.8) = 0319 Check Calculation

Developed by:
J. S. Brihmadesam

Page 15 of 31

Roy = regress(McU , VcU s n)

R = regress(McL »VeL ,n)

Engineering Report
M-EP-2003-002-01

Verified by:
B. C. Gray
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Quadratic Term
McQ = augment(W,X,Y) VcQ =cQ RcQ = regress(McQ , VcQ , n)
A

fo@(W,X,Y) := interp| Ro g, Mc s Ve X |

Y)
ch(4,.4,.8) = 0.126 Check Calculation
Cubic Term

M. = augment(W,X,Y) VcC =Ce

W)
f.c(W,X,Y) = interp| R.c,Mcc, Veoo| X |

Y)

ch (4,.4,.8) = 0.068 Check Calculation

Developed by:
J. S. Brihmadesam

Ryo = regress(McC Vees n)

Engineering Report
M-EP-2003-002-01

Verified by:
B. C. Gray
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Calculations : Recursive calculations to estimate flaw growth.
Recursive Loop for Calculation of PWSCC Crack Growth Entergy Model
CGRsambi = J(—- 0
3 < 3
Co < CO
NCBO «— Cb]k

while j < Ij;

Op ¢« ODRGI3 if ¢j<cp

ODRG23 if cp<cj<co+ I“CStrs.avg

ODRG33 if co+ I“CStrs.avg <cj<cot+ 2'l“cStrs.avg
ODRG43 if cg+2 IncStrs.avg <cj<cot 3'In°Strs.avg
ODRGS3 if co+ 3'In°Strs.avg <cjScp+4 IncStrs.avg
ODRG63 if cog+4 IncStrs.avg <cj<c+ 5'In°Strs.avg
ODRG73 if co+ S'IncStrs.avg <cj<cp+ 6’ln°Strs.avg
ODRGg3 if cg+6 IncStrs.avg <cj<cp+ ”ncStrs.avg
ODRGg3 if co+ 7'In°Strs.avg <cj<cp+ s’ln°Strs.avg
ODRGlO3 if co+ s'IHCStrs.avg <¢cj<co+ 9'I“°Strs.avg
ODRG; 1 if co+ 9'IncStrs.avg <cj<cot IO'InCStrs.avg
ODRG123 if co+ IO'InCStrs.avg <cj<co+ "'In"Strs.avg

ODRG133 if co+ ”'InCStrs.avg <cj<cp+ 12’I“°Strs.avg

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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0'1(—

ODRG 4
3

ODRGj s
3

ODRG ¢
3

ODRG7
3

ODRGyg.

ODRGyg.

ODRGy
3

ODRG;
4
ODRGy,
ODRG;
4
ODRG,
4
ODRGg
4
ODRGg
4
ODRG
4
ODRGg
4

ODRGy,

ODRGyg,

ODRGy;

ODRGyy

ODRGy3
ODRG 4
4

ODRG; s
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if cg+12:InCgyrg ayg < €j < Cot+ 13-Incgtrs avg
if co+ 13'InCStrs.avg <cjscp+ 1“'In‘:Strs.avg
if co+ 14-InCgyrs ayg < Cj < Co+ 15 InCgyg ave
if co+ IS'IDCStrs.avg <cj<cpt 16'IncStrs.avg
if co+16-InCgys ayg < € < Co+ 17:InCgyrg 5yg
if co+ 17-InCgyrs ayg < Cj < Co+ 18-INCGyr ayg
otherwise

if cj<c¢

if co < ¢j < co+Incgyg ayg

if o+ Incgyrs ayg < €j < Co+ 2INCgyrg avg

if co+ Z'IHCStrs.avg <cj<cp+t 3'InCStrs,avg

if co+ 3-Incgyrs ayg < €j < o+ 4InCgyrs avg

if co+4Incgyrg ayg < €j < o+ 5INCGyrg avg

if cg+ S‘I“CStrs.avg <cj<cté In"Strs.avg

if co+6 IncStrs.avg <cj<cg+7 lncStrs.avg

if co+ 7-InCgyrs. avg < ¢j < cp+8lIncgyr. avg
if co+ 8 Incgyrg ayg < Cj < Co+9-InCgyrs avg
if cg+9 IncStrs avg <cjscotlo IncStrs avg
if co+ 10-Incgyo avg < cj < g+ 11-Incgye. avg
if co+ 11" InCgyrg ayg < € < Co+ 12 InCgy 4y0
if co +12Incgyrs 4yg < €j < Co+ 13-InCgyrg avg

if ¢+ 13-Incgyrg ayg < €j < Co+ 14InCgyrg vy

Engineering Report
M-EP-2003-002-01

Verified by:
B. C. Gray
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(52(—

o+

ODRGy¢,
ODRGy7,
ODRGyg,
ODRGyg,
ODRGy,
ODRGy
ODRG,_
ODRG3_
ODRGy,
ODRGs_
ODRGg_
ODRGy_
ODRGg_
ODRGg_
ODRGyq_
ODRGy
ODRGyy,
ODRGy3_
ODRGy4
ODRGys_

ODRGyg

AT
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if co+ 14-InCgyrg aye < Cj < Co+ 15 INCGyr ayg
if o+ 15-InCgyr ayg < €j < Co+ 16:InCgyrg ayg
if co+ 16-InCgyrq avg < € S Co+ 17 Incgirs avg
if o+ 17-Incgyrs ayg < € < Co+ 18- InCgyr 4yg
otherwise

if ¢cj < ¢

if cg<cj<co+ ImStrs.avg

if co+ InCgyg ayg < Cj S Co+2 Incgirs.avg

if co+2Incgyrg ayg < Cj < Co+ 3 InCgyrg vy

if co+3Incgrg ayg < Cj < Co+ 4 INCgyrg ayg

if cg+ 4-Incgyc avg < ¢j < ¢+ 5 Incgypg avg

if co+ 5 Incgyr ayg < ©j < €0+ 6 InCgyrg ayg

if co+6:Incgyrg ayg < €j < Cot 7-InCgtrs avg

if cp+ 7Incgyrs avg < Cj < Co+ 8InCgyrg 5yg
if co+ S'I“CStrs.avg <¢cjsScot+9 IncStrS.an
if ¢+ 9-Incgyrs qvg < Cj < Co+ 10-InCgyrg yg
if co+ IO'I“CStrs.avg <cj<co+ “'I"cStrs.avg
if co+ 11-Incgyg ayg < € < Co+127InCg4rg 4y
if o+ 12:InCgyrg g < €j < Co+ 13-InCgyg 4y

if co+ 13-Incgy;q. avg < Cj < co+ 14-Incgyg avg

if co+ 14-Incgypg. avg < cj < co+ 15-Incqy avg

L .= T - - i e . X

Engineering Report
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Verified by:
B. C. Gray
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UUKU175 I Co+ 15 INCyrg ayg < €j S €0+ 16°INCGys 5yp
ODRGls5 if ¢o+ 16'I"°Strs.avg <¢cj<cot+17 IncStrs.avg
ODRG195 if ¢o+ 17'I“°Strs.avg <cj<co+ ls'IHCStrs.avg
ODRG205 otherwise

ODRG16 if ¢j < ¢

ODRGZ‘5 ifcp<cjsSco+ IncStrs.avg

ODRG36 if co+ lmStrs.avg <cj<cot 2'IncStrs.avg
ODRG46 if cg+2: IncStrs.avg <cj<cp+3 I“CStrs.avg
ODRGS6 if co+ 3'In°Strs.avg <cjScot+4 I"°Strs.avg
ODRG66 if co+4 IncStrs.avg <cjsco+ S'InCStrs.avg
ODRG—76 if co+ 5'In°Strs.avg <cj<cpt+6 IncStrs.avg
ODRG86 if co+ 6'ln°Strs.avg <cj<c+T IncStrs.avg
ODRG96 if co+ 7'ln°Strs.avg <cjSco+ S'IHCStrs.avg
ODRG106 if co+ 8'In°Strs.avg <cjSco+ 9'ln°Strs.avg
ODRG; 1 if co+ 9'In°Strs.avg <cj<cp+ lo'I“cStrs.avg
ODRG]26 if co+ 10 IncStrs.avg <cj<co+ ”’ImStrs.avg
ODRGIB6 if co+ ”'I“cStrs.avg <¢cj<co+ 12’In°Strs.avg
ODRG; 4, if co+ lz'lnCStrs.avg <cjSco+ 13'In°Strs.avg
ODRG; 5 if co+ 13'In°Strs.avg <cj<co+ 14'In°Strs.avg
ODRG166 if co+ 14'In°Strs.avg <¢cjSco+ ls'InCStrs.avg
ODRG176 if co+ 15'In°Strs.avg <cjSco+ 16'In°Strs.avg

ODRG]86 if co+ lG’IﬂCStrs'avg < Cj <c¢o+ 17°lncstrs.avg

Engineering Report
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Verified by:
B. C. Gray
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ODRG19 if Co+ 17 IncStI'S avg < CJ

ODRG20 otherwise
6

E-’O(-_ 00

1(—0’0"'01[

)

0.5-a; 0.5-a
§2<—00+01( L +02( tj) +o3-(

53(— 00+01(

)
4 00+01(10aj\ (lotaj) (

Xp < 00

X] ¢ 025

Xy & 0.5

X3 ¢ 0.75

X4 € 10

X stack(xo,xl ,x2,X3,x4)
ST « stack(§0,§1 ,’;2,&3,&4)

RG ¢ regress(X,ST,3)
0'00 «— RG3 + PInt

C10¢ RGy
Oo0 € RGs

030 «— RG6

3
ARj& —
€

3j

0.25- aj\ 0.25-a;)’ ‘ou
t 3t )

o.s-aj\3

t )
0.75- aj\ 0.75-a; ) ‘o
t )

103\’

o)

Cp+ 18- IncStI‘S avg

0252\’

0.75-a; )’

Engineering Report
M-EP-2003-002-01

Verifled by:
B. C. Gray
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L
au «— faU(Rt,ARj,ATj)
al « faL(Rt,ARj,ATj)

Q

Q

Q

aq, - faQ(Rt,ARj,ATj)

ac; «— faC(Rt,ARj,ATj)

Q

cu; £

Q

U(Re-AR;,AT))

Q

clj < ch(Rt’ARj’ATj)

chj «— ch(Rt,ARj,ATj)
Gccj «— ch(Rt,ARj,ATj)

165
Qj« |1+ 1.464«(—J if cj > a

cj)

1.65
1+ 1.464 (— otherwise

a. <" |~ '(GOO'Gauj + 6IO'Galj + <j20'(“'511(1-3 * 0'30'Gacj)

K. « —) '(GOO'chj + C)‘l()'Gclj + 620'chj + 030'Gccj)

Kaj «— Kaj- 1.099

Kyj «— ch- 1.099

Kaj"” 90 if K“j <90

K otherwise

o,
J

Ky « |90 if Ky <90
j

L
Ky_ otherwise
J

116
Dai «— CO'(Kai - 9.0)

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



Entergy Operations Inc
Central Engineering Programs

Developed by:
J. 8. Brihmadesam

Appendix D; Attachment 4
Page 23 of 31

Dagj «— Daj.CFinhl'.Cblk if Kaj < 80.0

410~ 10, CF inhr'Cblk otherwise

D, « CO-(Ky_ - 9.0) 116
J J
chj — DCJCFlnherlk if K,Y] < 80.0

4107 19.CFy 4, -Cpp otherwise
output(j o) < J
outputj, 1) < aj
output(;j,2) < €j—Cop
output(j, 3) ¢ Dag.
J
output(j 4) < D,
(.9 cg;
output(j sy < K,
J
output(j, ¢) < K¢
J

NCB;

output(j 7) ¢ ——
PUG. 7D 36524

output(j, g) ¢ Gauj
output(j, g) < Galj
output(j, 10) ¢ Gaqj
output(j 11) ¢ Gacj
outputj, 12) ¢~ Geu,
output(j, 13) ¢ Gclj
output(j, 14) ¢ chj
output(j, 15) ¢ Gccj

je g+

Engineering Report
M-EP-2003-002-01

Verified by:
B. C. Gray
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aj |t if aj 2t
aj otherwise

output

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



Entergy Operations Inc Appendix D; Attachment 4 Engineering Report

Central Engineering Programs Page 25 of 31 M-EP-2003-002-01

Recursive Loop for Industry Model
{R/t = 4.0 and a/c=0.33 The R/t lower Limit for Original Raju-Newman model and aspect ratio was fixed at 1:6}

CGRBam.Bam = |I¢ 0

< 3y

Co¢ €y

NCBg « Cb]k

Gg« ODRGI3

G < ODRG;
4

Gy ODRGl5

03¢ ODRG]6

éo(— 00

Xp € 00
X1 €025
Xy ¢ 0.5
X3¢ 0.75
Xq4¢ 10
Developed by: Venfied by:

J. 8. Brihmadesam B. C. Gray
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X e StaCk(XO,Xl,Xz,X3,X4)

ST « StaCk(é()ré] s§2’§3 ’54)
RG ¢ regress(X,ST,3)
Coo € RG;

010(—- RGy
020(—- RGg

0304— RGg

1.65
aj) "

Qj¢ |1+ 1464 — if ¢j 2 aj
cj)

) 165
1+ 1.464{—" otherwise
aj )

0.5
(1-a)
i Q)
Kq. < K, 11099
J J
Kaj(— 90 if Kaj <9.0

Kaj otherwise

116
Daj «— CO'(Kaj - 9.0)

‘(GOO'Gauj +610°Gal it 020°Gaqj +0630Gye,

J

)

Engineering Report
M-EP-2003-002-01

Verified by:
B. C. Gray
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Dagj «— Daj'CFinhr'Cblk if Kaj < 80.0

410~ IO'CFinhr’Cblk otherwise

D, <D

& agj.3
output(j, 0) < j
output(j, 1) < aj
output(j, 2) < ¢j—Cp

output(j 3) < Dagj

output(j 4) < D,

(.9 cg;
output(j sy < K,
J

NCB;

365-24

output(j,7) <
output(j, g) < Gauj
output(j, g) ¢ Galj
output(j 10) < Gaqj
output(j, 11) ¢ Gacj

jej+1
aje a1+ D
< 8 ag;_|

Cj ¢ Cj—1+ chj—l

aj |t if aj 2t
aj otherwise

output

k:=o0.. Illm

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

0.6~

e
'S

Flaw Growth -Depth- {inch}
o
N

P
S 0.8
£
)
=
20 0.6
Q
w1
]
=
E 04
e
o
E
<9

0

Developed by:

0.2

Operating Time {years}
— Entergy-CEP Model
"""""" Conventional Model

Flaw Growth in Length Direction

e

23

e m e e e mmmmmm e oo

7

2

Operating Time {years}
—_— Entergy-CEP Model
— Conventional Model

J. 8. Brihmadesam

Engineering Report
M-EP-2003-002-01

The Current model, in the
time period of interest
provides a higher growth.

The flaw growth in the length direction for
the conventional model is controlled by
the flaw aspect ratio. Hence the
observed higher growth rate for the
conventional model doe not signify a truly
higher growth rate.

Verified by:
8. C. Gray
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Stress Intensity Factors

Stress Intensity Factor {ksi sqrt.inch}

| | | ] | | |
0 0.5 1 1.5 2 25 3 3:5 4

Operating Time {years}
— Depth Point Entergy-CEP Model
"""""""" Surface Point Entergy-CEP model
— Conventional Model Depth Point

The SIF comparison shows that the current model has higher SIF for the period of interest (one
operating cycle). The conventional model SIF rises above the current model SIF for the depth point
(a-tip) but remains below that for the surface point (c-tip).

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Hoop Stress {ksi}
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40
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-20
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Axum plot showing the ID and the OD stress distribution for the CEDM

—o—— ID Distribution
ol O D Distribution /
Top of Bli Zone
Bottom of Weld
T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance from Nozzle Bottom {inches}

Engineering Report
M-EP-2003-002-01

Axum plot showing the comparison for Crack growth between Conventional and Current Model

Crak Growth - Depth Direction {inch}

Developed by:
J. S. Brihmadesam

o

o

(=]

o

Entergy Model
Industry Model

T
2
Operating Time

{years}

Verified by:
B. C. Gray
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Axum plot showing the SIF comparison between the Conventional and Current Models

—— Current model (Entergy)
=i —— Conventional Model (Industry)
©
S 50 5
£
g
L
%)
30
10 T T T T T T T ' T
0 1 2 3 4
Operating Time {years}
Developed by: Verified by:
B. C. Gray

J. S. Brihmadesam
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Comparison for Through-wall Cracks
Developed by Central Engineering Programs, Entergy Operations Inc
Developed by: J. S. Brihmadesam Verified by: B. C. 6ray
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

Purpose :- This worksheet is used to compare the results from the conventional model, edge crack model and the current
model. The SIF comparison is made between the conventional model and the current model. The crack growth and SIF
comparisons are made between the edge crack and current model. The SIF equations for the conventional model are included
in the current model's recursive loop structure. The edge crack is modeled separately in a recursive loop immediately following
the loop for the current model. Graphical results show the comparisons at the end.

The salient differences between the three models considered are:
1) Current model is based on A, which is limited to 20. The closed form solutions are based on a thick wall cylinder.

The applied stresses are based on a moving average. Therefore an increase in the stress field as the crack

advances is considered in the analyses
2) The conventional model is based on a Center Cracked Panel with a SICF of 1.0. The applied stresses are at the

initial flaw location and remain constant over the entire crack growth regime.

3) The edge crack model uses the plate height (b) equal to the nozzle length from the bottom of the nozzle to below
the weld. The initial flaw length (a) is equal to the blind zone (1.544 inches). When this is done the ratioa/b
(crack-length/plate-height) is larger than the validity limit of 0.6. Therefore, the estimated SIF is considered

non-representative.

Arkansas Nuclear One Unit 2

Component : Reactor Vessel CEDM -"8.8"degree Nozzle, "0" Degree Azimuth 1.3 inch above Nozzle Bottom
Calculation Reference: MRP 75 th Percentile and Flaw Pressurized

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1.
The correction is applied in the determination of the crack extension to Th l.'_OUg h Wall
obtain the value in inch/hr . Axial Flaw
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The first Input is to Jocate the Reference Line (eg. top of the Blind Zone). The through-wall flaw "Upper
Tip" is located at the Reference Line.

Enter the elevation of the Reference Line (eq.Blind Zone) above the nozzle bottfom in inches.

BZ:= 1.3 Location of Blind Zone above nozzle bottom (inch)

The Second Input 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.

ULSrs Dist = 1.786 Upper axial Extent for Stress Distribution to be used in the analysis (Axial distance
above nozzle bottom)
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Input Data :-

L:=.794 Initial Flaw Length TW axial

OD := 4.05 Tube OD

ID :=2.728 Tube ID

Pint == 2.235 Design Operating Pressure (internal)

Years := 4 Number of Operating Years

Lim = 1500 Iteration limit for Crack Growth loop

T:= 604 Estimate of Operating Temperature

v = 0.307 Poissons ratio @ 600 F

0o = 267107 12 Constant in MRP PWSCC Mode! for 1-600 Wrought @ 617 deg. F

Qg =310 Thermal activation Energy for Crack Growth {MRP)

Tref := 617

-Q ( 1 1 \
1103103 \ T+459.67 T +459.67) o

Co=¢ Oc
OD
Ro=7
Rj:= 2
2
Timgpr Ljim
Chlk == P Pmtyk == |—
Itim 0

Reference Temperature for normalizing Data deg. F

Timgpg := Years-365-24

t:=Ry, —R; Rym:=Rj+ é CFinhr = 1.417-105

Ly:=BZ

1]
il
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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:
Column "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)

Datap) := :
0 1 2 3 4 5
0 0 274 24.36 2221 2041 18.98
1 0.48 0.63 1.49 36 444 527
2 0.87 17.66 16.42 14.61 12.41 9.38
3 118 298 26.05 2272 18.95 142
4 143 3362 27.79 248 24.32 26.99
5 163 32.36 28.47 27.59 34.28 451
6 179 27.39 28.92 31.39 4388 63.72
7 192 215 25.56 33.55 48.09 66.36
8 2.05 16.94 23.79 34.06 49.47 67.67
) 218 14.83 2226 34.78 49.05 63.38
AllAX] := Datag 0 AIlID := Datay " AIIOD := Datag; >

2

~1
(9

W
(=]

Stress [ksi)
>

—25

=50

— 1D Distribution
........... OD distribution

Axial Distance above Bottom [inch]
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Observing the stress distribution select the region in the table above labeled Data,, 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 27404 -24.356 -22.209 -20.407 -18.978)
0483 0633 -1486 -3.599 —444 5268
087 17.665 16422 1461 12415 9376
Data:=| 1.18 29.798 26.049 22723 1895 14.201
1428 33.623 27.792 248 24321 26989
1.627 32.364 28469 27.591 34.284 45.104
\1.786 27.394 28918 31388 43.882 63.718 )

Axl:= Data® ID := Data? OD := Data™
Rip = regress(Axl, 1D, 3) Rop := regress(Axl, 0D, 3)
FLCpr:= BZ - | Flaw Center above Nozzle Bottom
Ine _ ULstrs.Dist —~ BZ
Strs.avg - _"'20
Incre, = DLStrsDist = BZ
TEdg - "'__20

RIDp ) := regress(AllAxl, AllID, 3) ROD [ = regress(AllAxl, AlIOD, 3)

No User Input required beyond this Point
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Calculation to develop Stress Profiles for Analysis
Hoop Stress Profile in the axial direction of the tube for ID and OD locations
N:= 20 Number of locations for stress profiles

Loco =FLcpe— L

i=1.N+3
L
Inc:ri =l ifi<4 lncredgi = 7 ifi<4
Inc otherwise
Strs.ave Incrggg otherwise
Loc, := Loc.__l + Incr, Locl, = 0 ifi=1
! Locli_l + Incredgi otherwise

SID; := Rip, + Rp,-Loc; + RIDS'(Loci)z + R106~(Loci)3 SOD; := Rop, + Rop, Loc; + RODS-(Loci)2 + R0D6-(Loci)3

2 3
SIDAyL, := RIDAy, + RIDy,Locl, + RIDA"S-(Locli) + RIDAH6-(Loc1i)

2 3
SODy = RODA“3 + RODy Locl, + RODAHS-(Locli) + RODA|]6-(Locli)
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Development of Elevation-Averaged stresses at 20 elevations along the tube for use in Fracture Mechanics Model

j=1.N
SID. + SID. . + SID.
1
Sig_ = ! & 32 if j=1
) 3
Sidj_l-(j +1)+ SIDj_‘_2 .
- otherwise
j+2
SIDAj. + SIDAy. | + SIDaj
j j+1 2 ...
Sid.al, = if j=1
J 3
Sidall, -(j + 1) + SIDpj;.
j-1 j+2 .
- otherwise
j+2
Sod. + Sid.

Om, = _12—_1 + Ppnt Op. :

Sod. — Sid.
] J

SODj + SODj+l + SODJ._'_2

Sod == if j=1
odj 3 J

S"dj_{(j + 1)+ SODj+2 -
otherwise

j+2

SOD4j. + SODgjp.  + SODag,
] §+1 j+2

Sod.all, == ifj=1
J 3
Sod.allj_l'(j +1) + SODA_

otherwise

j+2

Sod.allj + Sid.allj
Omall =~ + Ppnt

Engineering Report
M-EP-2003-002-01
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Stress Distributions for use in Fracture Mechanics Analysis

Membrane Bending OD Stress ID Stress Membrane

Stress Stress stress

(Edge Crack)

[, 0 0 0 0 ] 0

0 0 0 0 0 0 0 0 0 0

1] 1527 14731 1| 8.303 1] 17.766 1| 553

2] 18.819 2| 4.823 2| 11.761 12 | 21.408 !2 12.037

3] 21.119 3| 4766 3| 14.117 3| 2365 3| 16.08

L 22.794 4]-4625 4| 15.934 4| 25184 4] 18.889

5]24.115 5] -4.426 5] 17.454 5 | 26.306 5] 20.99

5] 25215 6] 4184 6| 18.796 F6 27164 6] 22646

om=}7 | 26.169 ob=}7]-3.905 Sod =7 | 20.029 Sia=f7]27.839 Omall =7 | 24.005

8 | 27.022 8 | -3.504 B | 21.193 6 | 28.381 '8 | 25.153

9 | 27.802 9 | -3.254 9 | 22.314 9 | 28.821 9| 26.146

10| 28.53 10| -2.885 10| 23.41 10| 29.18 10] 27.022

11] 29.217 11] -2.489 11| 24.493 11] 29.471 11| 27.807

12| 29.874 12] -2.066 12| 25,572 12] 29.705 12| 28.518

13| 30.507 13| -1.617 13] 26.655 13] 29.889 13] 29.169

14] 31122 13| -1.142 14| 27.745 4] 30.029 4] 2977

15] 31.723 15| -0.64 15| 28.848 15| 30.128 15| 30.329

Proppength = ULStrs Dist — (FLCntr + ‘) Propp ength = 0.486
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Calculations : Recursive calculations to estimate flaw growth

Recursive loop for Entergy Model and Industry Model

TWCpwsec=[[ |i < ©

l0 «1

NCB0 « Cplk

[ [while i < Ijjm,

Omappld ¢ |Om, if |i < 10

O'm2 if lo < li < l0 + Incgyrs avg

0m3 if |0 + Incgyrs.avg < li = lO + 2 Incgyrs avg

0m4 if 10 + 2 InCgyrs avg < li < 10 + 3-IncStrs avg
Om. if ]0 + 3'InCStrs.an < li < l0 + 4Incgirs avg
Oy if 10 + 4Incsirs avg < I, < 1y + 5Incsirs avg
Gm., if 10 + 5-Incsirs avg < li < IO + 6-IncSirs avg
O if 10 + 6 InCSyrs avg < li < lo + 7InCstrs.avg
om if 10 + 7-Incgirs avg < li < I() + 8Incsys avg
Om,, if I0 + 8Incgyrs.avg < li < lo + 9 Incgyrs.avg
Om  if l0 + 9-IncSprs avg < Ii < 10 + 10-Incgyrs avg
Om. . if l0 + 10-Incgyrs avg < Ii < 10 + 11-Incggrs.avg
Om. _ if l0 + 11-InCgyrs.avg < li < ]0 + 12-Incgyrs.avg
Om.  if 10 + 12-InCgprs avg < li < l0 + 13-Incgprs.avg
Om. _ if l0 + 13-Incgrs.avg < li < I0 + 14-Incgprs.avg
Om,  if '0 + 14-InCgprs avg < li < l0 + 15-Incgprs.avg
Om,, if lj+ 15Incgys avg <1, <1y + 16-Incgprs avg
O if I0 + 16-InCgyrs avg < li < 10 + 17-Incgrs.avg

Om, if I+ 17-Incgysavg <1, <1, + 18-Incsprs avg

O otherwise
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Ob.appld < Obl if liSl0

obz if IO < li < IO + InCStrs‘avg

b, if 1y + Incgrs avg <1, < 1) + 2 Incyrs avg

cb4 if IO + 2-Inchs_avg < li < lo + 3-Incsyrs avg

Cbs if IO + 3'IHCStrS.an < ]i < lo + 4 Incsu-s'avg

cbﬁ if I0 + 4-Incgyrs.avg < li < 10 + 5-Incsrs avg

0b7 if lo + S'Incstrs‘avg < Ii < 10 + 6‘Incstrs_avg

Gba if lO + 6'InCStrs‘avg < Ii < 10 + 7'lnCStrs‘avg

Ob, if lg+ 7-Incsirsavg <1 < 1y + 8 Incsirs ave

cbw if l0 + 8 Incgprs.avg < li < 10 + 9-Incgirs avg

Gb“ if l0 + 9 InCgqrs avg < li < IO + 10-Incsrs.avg

obu if l0 + 10-Incgirs avg < li < IO + 11 Incgyrs avg

0b13 if 10 + ll-lnch-S_a‘,g < li < lO + 12'IﬂCStrs.avg

0b14 if lo+ 12-Incgqrs.avg < li < l0 + 13-Incstrs avg

Gbls if lo + 13‘Incsu-s.avg < Ii < 10 + 14'Incsn's_avg

Gblﬁ if I0 + 14-Incgyrs avg < Iis 10+ 15-IncSrs avg

Gbl? if lo + 15-Incgtrs.avg < Iislo+ 16-IncSirs.avg

Cbls if l0 + 16-Incsm_avg< li < Io+ 17-Incstrs avg

0bl9 if lo+ 17-Incgirs avg < li Slo+ 18-Incsirs avg

Op__ otherwise
20

0.25 L.
Aje— []2-(1 - vz)] m

Aem, ¢ 1.0090 + 036214 + 0.0565-(1;)” - 0.0082.(1;)° + 0.0004.(r;)" - 8.326. 107 .(1;)°
Apm_ ¢ ~0.0063 + 0.0919-4,; - 0.0168-(1;)% - 0.0052.(1,)’ + 0.0008-(n;)" - 2.9701-107 . ()’

Ach, ¢ 0.0029 + 0.0707-A; ~ 0.0197-(1)% + 0.0034. (1) - 0.0003-(A)" + 8.8052-107%.(;)’

Agp, ¢ 0.9961 ~ 0.3806-2,; + 0.1239-(li)2 - 0-0211-(11)3 + 0.0017-(11)4 — 4.9939-107 5‘(xi)5
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Kpmi < Om.appld (n-li)o's

Kpbi € Ob.appld (7‘5‘ li)O.S

KmemmeDi « (Aemi + Abmi)'Kpmi
l(memmeDi « (Acmi - Abmi)'Kpmi
KbendoD, (Acbi + Abbi)'Kpbi
KbendID, < (Aebi - Abbl.)'Kpbi

K AppOD, ¢~ KmembmOD, + KbendOD,
KAppIDi « l(memmeDl. + KbendIDi

KwH, < cml-(n-li)o's

KAppoD, + KappID,
2

KAppi «—

0.5
KWH.Ic:ru'.Strsi €« Gm.appld-(ﬂ:—li)

Kai « KAppi-l.099
Ka. ¢ |90 if Ky <90
1 1
Kq. otherwise
1

Dien,  Cor(Ka, - 9.0)“6

Dlengrt.hi « Dleni'CFinhr’Cblk if Kai < 80.0

410 "°.CF; - Cpy otherwise
output(i’ 0 <1

NCB,
output, . - —
UG 1) 652

output «— A

(i,2)

output 1

63
output(i, 4 « li
output(i’ 5) «— KAppi
output(i’ 6) « KAPPODi

output(i’ 7 « KApp[Di

outout «— K hemOD
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™ (,8) e
output ; o) KmemmeD].
output; 1oy ¢ KbendOD].
output; 1y € KbendID,
output; |5y ¢ Kwh,
output; 3 KWH.lcnr.Strsi
i+l

Lel  + Dlengl‘thi_l

il NCBi «— NCBi_1 + Cplk

| | {output i
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Recursive Loop For Edge Crack Model

TWCEDGpwsce = [[ |i < 0
Llo « |L||

NCB0 « Cpik

[ Twhile i < Iy

Om.appld < | Om.all, if L]i < Llo

Omall, if L]o < Lli < Llo + Incrgqg

Sm.all, if Llo + Incrggg < Lli < L]i + 2-Incrgqg
O'm.a"4 if Llo + 2-Incr5dg < L]i < Llo + .‘J-Incr].;dg
°m.a115 if Llo + 3~IncrEdg < Lli < L]o + 4-IncrEdg
o'm.allé if Ll0 + 4-Incrgqg < L]i < L10 + 5-Incrggp
Small, if Llo + 5Incrggg < L|i < Llo + 6-Incrggg
Sm.ally if Llo + 6Incrggg < L]i < Llo + 7-Incrggg
Om.all, if Llo + 7-Incrggg < L]i < Llo + 8 Incrggg
Gm.allm if Llo + 8-Incr]3dg < Lli < L]0 + 9-lncr]5dg
Gm.alln if Llo + 9-IncrEdg < L|i < L]o + 10-IncrEdg
om_a“n if L]O + 10-Incrggg < L1i < Llo + 11-Incrggg
Omall , if L]o + 11-Incrgqg < L1i < Llo + 12-Incrggg
Omall , if Llo + 12-Incrggg < L]i < L10 + 13:Incrggg
cm.a“ls if Llo + 13-Incrpgg < Lli < L10 + 14-Incrggg
(S,m,"]6 if Llo + 14-Incrggg < L]i < L10 + 15-Incrggg
Small,, if L1+ 15Incrggg <Ly <Ly + 16-Increqg
Omall , if Llo + 16-Incrggg < Lli < L]O + 17-Incrgqg
om.aulg if Llo + 17-Inc|']5;dg < Lli < L]o + lS-IncrEdg

o otherwise
m.all20

b « ULsys.Dist
1 L
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Lol |

Z.« 099 if —>10
! b

Ly,
— otherwise
b

2 3 4
Fab ¢ 1.12- 0.231-(zi) + 10.55-(21.) - 21,72.(zi) + 30'39’(23)
0.5 .
0'm.appld'(Tt-L].) -Fap. otherwise
i i
Ka, ¢ Kedg Crk-1.099
Ko, &« 190 if Ko £90
1 i

Kp. otherwise
1

Dlenl. « CO'(K(JLi - 9-0)1'16

Diengrth, < | Dien,CFinhr Coik if Ko, <80.0

410 10 CFinhr Chlk otherwise

output(i, 0) «1

NCB,
output,. .. & ——
PR 36524

output(i, 2)

output(i, 3) «— Dlengnhi

«— -L
Ly, - Ly,

output(i’ 4) « Kedg.Crki

outpu «Fap
1

%5
ie—i+1

L «L +
]I ll—l chngrthl_l

L NCBi «— NCBi_] + Cpik

output 1

i=1.1lim
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Propp ength = 0.486

~
£
o)

PWSCCi,3)

CEDGpwsce

Flaw Growth -Axial {inch}
.—]
=

(.2

Flaw Length vs. Time

1.5

/
/
7
I"
/
/
/
/4
'I
/
/
1 2 3
TWC
b))
Operating Time {years}

Entergy Model
Edge Crack Model

Comparison for crack growth between Edge
Crack and Current Model. The edge crack mc¢
provides a constant crack growth rate equal tc
the asymptotic growth rate of about 05.
inch/year. The edge crack model produces a
SIF much greater than the asymptotic value of
ksi* in*0.5 or 80 Mpa*m*0.5. This is because
the "a/b” ratio (crack-length/plate-height) is
significantly greater than the validity limit of 0.¢
In order to meet the "a/b" ratio validity limit of (
the crack length, for the assumed plate height
cannot be greater than 1.073 inches, which is
lower than the blind zone length of 1.544 inche
As shown in attachment 3 of this appendix,
assuming a longer plate height produces SICF
that can be lower than the membrane compon
SICF. Therefore, the SICF for the modeled ed
crack configuration is considered incorrect
because the validity regime is violated (since ¢
ratio is in excess of 0.6).
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Stress Intensity Factor {ksi sqrt inch}

500

450

400

350

300

250

200

150

100

50

1 2 3 4
Operating Time {Years}
OD SIF - Entergy Model

- ID SIF - Entergy Model

SIF Conventional approach {Constant Stress Model}
SIF Conventional approach ( Increasing Stress Model)
Entergy Model - Average used for Flaw Growth

Edge Crack

The SIF for the current model is always higher
than the conventional model. Hence the
estimated crack growth produced by the
current model will be higher than that
produced by the conventional model. Hence
the current model is shown to be more
conservative than the conventional model.
The SIF for the edge crack is very high owing
to the large SICF produce by a large a/b ratio,
which is beyond the validity limit for the
determination of the SICF (discussed in the
previous figure).

LD
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Hoop Stress {ksi}

—o— |ID Hoop Stress

805 OD Hoop Stress
Top of Blind Zone

40" =
2.0
(Fes \Eonom of Weld
-20
-40 T T T T T T T

Axum Plot for the ID and OD Stress distribution along nozzle length used in the comparison

Hoop Stress Plot

0.0 0.5 1.0 1.5 2:0) 2.5 3.0
Distance from Nozzle Bottom {inch}

Axum plot showing the comparison for the SIF between the Current and Conventional Models.

SIF {ksiin*0.5}

200

150

2%
o
o

50

Current Model (Entergy)

——— Conventional model (Industry)

1 1 " 1 1 1

0 ] 2 3 4
Operating Time {years}
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LICENSEE-IDENTIFIED COMMITMENTS



LICENSEE-IDENTIFIED COMMITMENTS

TYPE
(Check one) SCHEDULED
ONE-TIME CONTINUING COMPLETION
COMMITMENT ACTION COMPLIANCE DATE

The final results of the inspections will be X 60 days after
included in the 60-day report submitted to startup from the
the NRC in accordance with Section IV.E next refueling
of the Order. outage
If the NRC staff finds that the crack-growth X Within 30 days after
formula in MRP-55 is unacceptable, the NRC informs
Entergy shall revise its analysis that Entergy of an NRC-
justifies relaxation of the Order within 30 approved crack-
days after the NRC informs Entergy of an growth formula.
NRC-approved crack-growth formula.
If Entergy’s revised analysis (#2, above) X Within 72 hours
shows that the crack growth acceptance from completing the
criteria are exceeded prior to the end of revised analysis in
Operating Cycle 17 (following the #2, above.
upcoming refueling outage), Entergy will,
within 72 hours, submit to the NRC written
justification for continued operation.
If the revised analysis (#2, above) shows X Within 30 days from
that the crack growth acceptance criteria completing the
are exceeded during the subsequent revised analysis in
operating cycle, Entergy shall, within 30 #2, above.
days, submit the revised analysis for NRC
review.
If the revised analysis (#2, above) shows X Within 30 days from
that the crack growth acceptance criteria completing the
are not exceeded during either Operating revised analysis in
Cycle 17 or the subsequent operating #2, above.
cycle, Entergy shall, within 30 days,
submit a letter to the NRC confirming that
its analysis has been revised.
Any future crack-growth  analyses X N/A
performed for Operating Cycle 17 and
future cycles for RPV head penetrations
will be based on an acceptable crack
growth rate formula.
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