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Appendix A

This Appendix contains design information, UT analysis data and an evaluation to
determine the best-estimate as-built configuration.

This Appendix has five (§) Attachments.
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Design Input Sheet for Fracture Mechanics Evaluation of CEDM nozzles below the Attachment J-weld
{ANO Unit 2 and WSES Unit 3}

L5 A InputUsed st @

T

ra-Coneurrence SETEC S R

20y i W e B

iSource &

1.25 inches

Site Design Engincering:

Thread length

E-234-760-2 ANO-2
E-74170-112-01 WSES-3

ANO:
WSES3:; N Row

Site Design Enginccring,

Chamfer Dimension Same Drawing as above 0.094
ANO:
WSES3:_MNam m;:[
Ronnie Swain’s Notes of 0.300 Site Quality Programs/NDE
ANO:

NDE Decad Zone

4723/03 artached to c-mail of
4/23/03

Nodal stresses below J-

WSES3:
DEI Calculations were performed for Westinghouse
under contract to Westinghouse for ANO-2 and

Residual Stress Distribution

DEI calculations :
C-7736-00-5 ANO-2
C-7736-00-4 WSES-3

weld

Seventy-fifth Pereentile

EPRI report based on information provided by all

WSES3 RVHP cvaluations. Westinghouse {OEM}
provided design input. Westinghouse and DE1 have
Appendix “B™ qualificd QA program and these
calculations were performed under the applicable
program. This provides reasonable assurance that the

results are applicable.

utilities and the analyses for the report was performed

PWSCC Crack Growth rate

EPRI-MRP 55 revision 1.

E~-234-760-2 ANO-2

Curve

OD =4.05"; ID=2.719"

under EPRI QA program. The report was reviewed by

Utility peer group {MRP} for correctness,
i and applicability. The information is

reasonable for use for ANO-2 and WSES-3
application.

Site Design Enginecring:
ANO:

Nozzle Dimensions {ID and OD)

E-74170-112-01 WSES-3

OD =4.05"; ID = 2. H8~

2.728"
[

WSE3: Noarm Eoy

1: Concurrence is only required for items that have a signature block. The Residual Stress resulis and PWSCC crack growih rate report have

been provided wnder approved QA programs and there is reasonable assurance of the result’s accuracy. Hence for these two items specific

concurrence Is not required.
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NDE Dead Zone Design Input

June 6, 2003
Design Input to Engineering Report M-EP-2003-002:

At the request of Entergy, Westinghouse reviewed UT data for 10 penetrations
taken from the 2R15 ANO-2 reactor head inspection. This inspection was
performed with a 7010 ultrasonic end-effector, using 0.250" diameter, 24mm
PCS Time-of-Flight-Diffraction ultrasonic transducers. The penetrations were
chosen by their location on the head, in order to provide a representative sample
of the entire head. The analysis was performed in order to determine the
ultrasonic dead band located immediately above the threaded region of the
CEDM nozzles. This review determined the dead band to be 0.200".

Ronald V. Swain
UT Level Il
Waterford 3 SES
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To support the crack growth rate cvaluation for the portion of the CEDM nozzle that extends below the J-

groove weld on the ANO-2 and W-3 heads, the length of this portion of the nozzle is required. Because

this length varies with the nozzle location, an Excel spreadshect was developed to calculate the various ;
parameters of the nozzle J-groove weld configuration. :

To describe the geometry, the following nomenclature is used: The location of the rozzle relative to the
curvature of the head is identified by the angle in degrees between the vertical centerline of the head, and a
line created by the radius of curvature of the bottom surface of the cladding where it intersccts with the
centerline of the nozzle. The nozzle locations included in the crack growth rate evaluation are identified as
the following;

ANO-2 Waterford-3
Nozzle Jocation Penetration No. Nozzle location Penctration No.
4 1 0° 1

8.8° 2,3,4,5 7.8° 2,3

28.8° 30,31,32,33,34, 29.0° 36,37, 38,39, 40,
35,36,37 41,42,43 )

49.6° 70,71,72,73, 74, 49.7° 88, 89,90,91 ¢
75,76,77,78,79, )
£0, 81

The point location around the OD of the nozzle is identified by the azimuth angle with the zero degree

azimuth location being the point furthest from the vertical centerline of the head, which is also the fowest
point that the J-groove weld artaches to the nozzle (the “low-hillside™). The length of the portion of the ’
nozzle that extends down below the J-groove weld s calculated at the zero degree azimuth for each of the 'j
nozzle locations evaluated, g

The length, “L™, of the portion of the nozzle that extends down below the J-groove weld is defined as the
vertical distance from the point where the surface of the cladding would intersect with the outside surface
of the nozzle at the zero degree azimuth location down 1o the bottom of the nozzle (see attached sketch). i

Using ANO drawings M-2001-C2-23, M-2001-C2-26, M-2001-C2-32, M-2001-C2-55, and M-2001-C2-
107, and Waterford drawings 1564-506, 1564-1036, and 15644086, the length “L™ was calculated as
shown in the following table: :

ANO-2 Waterford-3
Nozzle location L (inches) Nozzle location L (inches)

[ 2.50 0° 2.88

38 249 2.8 233

288° 243 29.1° 2.86

49.6° 248 49.7° 2.92

Verified by:
A ANO-2 Waterford-3

Lo 6/403 Nevo. Koy 6403
7 Jamie GoBell Date Nara Ray.. / Date
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Evaluation of a Sister Plant (Plant A)
Ultrasonic Testing Data

Purpose:
Using the Plant A UT data estimate the weld dimensions for comparison with Design Drawing to develop a
as-built configuration for the welds.

Process:

The UT data from the Zero degree transducer measure the elevation, using the encoder information, for the
end of the blind zone, the beginning of the weld (fillet weld toe), and the top of the weld. From this preliminary
information determine the available freespan and the total weld length. This is to be performed for both the Downhill
(0° azimuth) and the Uphill (180° azimuth).

Results:
The results are provided in a table in the following pages. The columns highlighted in “yellow” contain the
desired information. This information is used to perform the comparison with design drawing.
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TR e Dovwnhi T e e P - Uphill Side of CEDM i S
Nozzie JAzimuth -~ Data Axial Position finch} - -~ - 1 1 {incht _ BAazimuth .- Data Axial Position finch} - - L finch}
Degarees] Dead zone| Bottom of fillet ] Top of J-weid] Bottom of fillet| Top of J-weld | D Dead zone| Bottom of fillet| Top of J-weid| ot flllet | Yop ot J-weid
1 31.000 1.320 2.440 36880 1120 2,380 | 129,000 1,440 2.560 2.800 13120 2360
2 2.000 1,160 2360 3840 -.1.200 2 178.000 1,200 3.04Q 4,360 1.840
3 0.000 0720 1,680 3,180 0,969 2440 - N1s0000| 0760 2,440 3.920 - _1.680 31680 |
4 0,000 0600 1,640 3,000 1.040 2,400 { 180,000 | 0600 2.600 23,920 2.000 21320
] N/A 0.000 0.000 0,000 0000 __ |
8 258000 =0.04Q 09060 1 2.600 1.000 2.840 178.000 0040 2200 2.520 2160 2,480
7 2356.000] 1040 2120 2,800 1,080 2.660 [180.000] 1080 3120 4,560 2,040
B 10,000 0400 1600 2.920 1.200 2.620 182,000 0,360 2.920 4200 2.6€0 840 )
k- 0.000 0040 1.120 2.720 1.080 - 2880 192.000 =0.040 2.440 3.760 2,480 3.800
10 | 356000] 0160 1200 2.680 1,040 2,620 [180.000] 0200 2.680 3,960 2,480 2,780
11 2040 2,520 jese ) 2660 172.000 0,960 3.440Q 4,840 2,430 3880 |
12 $.000 1,120 2120 .600 1.000 2.480 182,000 1160 23,720 $.080 2,660 920
13 2,320 2,880 1.160 2220 174,000 1,189 3.840 5120 2,880 960 |
14 028,000 1.040 2.000 2,640 0,960 2.800 | 204,000 1,000 2.560 2.000 2.660 4,000
16 23560001 0080 1,200 2640 1,120 2.660 176,000 0,040 2.760 4120 2720 4,080
16 29000 0.040 1.160 2.840 1120 2.800 182.000 0,000 2.640 4080 2.640 4,080
17 0,000 0,960 1,960 3,320 1000 | 2360 176.000] 0920 | 3560 4720 - 2840 1 3800 |
13 0,000 0,160 1.320 2,680 1160 2,620 0240 2.840 4 000 2,600 ___3.760
19 2.000 1120 2 23840 1,180 2.5 182,000 1.04Q 3769 4 980 2,720 2920
20 4,000 0,880 1,920 3520 1,040 2.840 [ 180 000] 0980 3.880 5440 2.920 4430 |
21 0,000 1,160 1,880 3.600 0,720 2440 JT1es000] 1200 4080 | 5600 2,880 4400 |
22 3540001 0,120 1.08Q 2640 0,960 2.520 1200001 0040 3080 4600 2,040 4560 |
23 8,000 0040 0920 2800 0,880 25890 182,000 (1] 3040 4520 2,960 4,440
—24 9,000 0,040 0,920 2400 _ 0,880 2,360 172,000 0000 3120 4,480 2120 4,430
| 26 6,000 0,040 0,920 2560 | ___ 0.B3Q 2,520 178.0001 0040 3200 4 840 3,180 4800 |
|28 13500001 0360 1.320 2769 0,960 2,400 178 000 0,320 3,400 4,760 3.080 4,440 )
27 358000 | | _.0830 1 2760 0.720 2800 | 2200 4,720 2.040 456580 |
|28 1356000 0,320 11680 ! 2800 0,840 2.480 [ 180.000 ] Q. 2,440 2,040 3160 4760
1 29 1358000 0120 1,120 2600 h | | ——2.480 178.000 0,080 2320 4760 3.240 4880 |
30 _[2ssoool 0040 0,800 26840 ores [ 2600 _T182000] 0000 3200 4800 3.200 4800 |
1 £.000 0.0 1,000 2760 0,820 2880 000 0,040 3 4840 3320 4,800
22 2580001 -0040 9.920 2440 0,860 2.480 1780001 -0080 2.040 4520 3120 4600 |
|33 0,000 0,040 0,840 2,360 0,800 2.320 [180.000] ©.000 2960 4,560 2.960 4580 |
34 2.000 -0080 | 0680 2.520 D760 2. 174000 -0 08 ] 2.960 4,560 3.040 4840
|26 254 0001  ©080 0 8OO 2560 0720 2. 182000] 0,080 3.040 4,800 2,860 4720 |
|36 __ 123040001 0360 1.000 —2.060 2.840 2.520 11800001 0360 3.840 2.480 3.480 6.420 ]
37 0,000 0,200 0,840 2720 0,640 1800001 0,160 3680 5,320 3.520 5460
38 1356000} 0440 1.280 2,960 0.840 2.620 [180.000] 0480 3.840 5520 3.390. £.040
| 39 1354000 0,120 Q 2.560 0,680 2.440 1740001 0.090 2520 5200 3440 $420
40 3%9.000) 0,580 1.240 2880 0680 2.320 182,000 0,480 4,240 5,480 3.780 £.000
41 0000 0,040 osso | 2360 0 840 2.320 180,000 3.600 | 4960 3520 4,830
42 358000 0200 0,960 2.600 0760 2. 178.0001 0200 3680 5200 3,480 6.000
43 12580001 0240 0920 2760 0680 2,620 (180,000} 5,240 3,400 4,960
44 0.000 0.000 0720 2.760 02320 2760 - 184.000 0.000 3.780 5,640 2.760 _ £.64Q
45 358000 0040 oesg | 2,680 0,640 2 178 000] 0040 2880 sec0 VY - 3840 - -} - ss60 |
46 €000 0120 0720 2,600 0,800 2 178,000 0,120 2,920 5520 3.900 §.400
47 0000 0120 0,680 2,680 0.660 180,000 5 6800
43 000] 0400 1,080 3,160 0,680 2,760 1700001 0480 4320 6,120 3,840 5.840
49 0,000 ~0.080 0,480 2520 0,560 2,600 176.000 0,080 3,720 5.560 3,800
[0 0000 0120 0,840 2.840 0.720 2,720 1800001 0080 3,960 5,800 3,880 6720 |
51 0,000 | ___1.800 4,040, 0.620 2.760. 180.000] 1240 5200 7.000 3.960 5.28Q
62 8000 0120 0 2680 1180000 | 4.000 5.640 2.840 5480 |
|63 1358000! DQ40 0840 2480 0,800 2440 _ 8182.000] -0040 3.960 5.44Q 4,000 5480 |
64 0.900 0,160 0600 | 2800 0,440 2840 $180000] 0200 4,000 5,800 3,800 5600 |
65 2354 000| 0120 0 840 2,720 0720 | 2s00 170.000] 0080 3880 5,680 3.800 5600 |
56 4,000 1,120 1.960 3840 0.840 2720 [180.000] 1080 4 800 6,840 3,720 5,760
67 2.000 0160 1 0760 2,680 0,800 2.620 ___§182,000] 4.200 S.g00 |
T o160 1.000 2880 0,840 2.620 178.000| 0080 4,040 5800 3,960 5720 |
| 69 N/A 0,000 0.000 2.000 Q000 |
|80 N/A 0,000 0.000 0.000 n.000 |
€1 3340001 _-0080 J 0360 2.720 0440 1 2,800 179.0001 __-0,080 4240 0160 1 4320 1 _ €240 |
€2 358,000 0320 0920 2.760 0.600 2440 3182000 0320 4,640 £.320 . 4.320 $.000 3
63 2.000 0160 0,840 2880 1 oa4s0 1 2720 31820001 0080 J 4280 | | —4.200 |
4 2.000 -0129 o480 | 0,600 2,480 [182.0001 0,120 3,880 5,800 4000 5920 |
|_€6 2000 ! 0080 0,600 2440 0.620 2,360 179.000 0,080 4200 —5.960 4,120 5800 3
£6 352,000 0,080 0680 2.800 02,600 2,620 | 180,000 | 0080 4,120 8169 4,040 #0080 3
87 258,000 0.320 1.040 2.800 0.720 2,430 178,000 0,320 4,440 £.329 4,120 £.000 1
o8 0.000 0040 0,680 2.920 0,640 2,830 } 180,000 0,120 5.000 7120 4,380 Z7.000 1
T 3520001 ©280 0.520 3080 0.240 - 2800 176.000] 0360 5.000 7.160 4,640 8,200
0 4000 | 0980 } oss0 | 2800 0,400 2.8 1840001 0240 5.000 8960 4,760 €720 |
1 354,000 0120 0,440 2960 0.320 2.840 176.000 0160 4,840 £.840 4,680 86080 )
72 2,000 0,040 0,520 2,800 0,480 2.760 178000} 0120 4840 8,960 4720 82840 |
73 N/A 0,000 ) 0,000 0000 |
74 344 000 0,120 0.64Q 2649 0.520 2.520 | 168,000 0200 $.120 £.840 4,920 - £.640
-1 0.000 0120 0720 2800 0,800 2.4 184,000 Q200 4.880 6,760 4,680 £.660 )
78 0.000 0,040 0,640 2.22Q 0.800 2680 _ 1180000F 0080 4840 8600 4560 - |
— 17 4,000 0,000 o330 | 2480 0,360 2,480 | 180,000 D000 4720 8760 4,720 s.7¢0 |
z8 352,000 0.2Q0 1,080 2080 [N.1.1] 2.880 176.000 0280 $.520 2.200 5.240 6920 )
79 2.000 1.040 1720 2880 0,880 2.840 182.000 1120 P - } B8040 4,960 £.9220
| =0 4.000 0.000 0,400 2600 0.400 2.600 1840001 0080 $.200 7.040 5120 €960 |
a1 0.000 -0080 0200 2400 0,280 2,480 [180.000f 0040 5.040 6920 5,000 €880 |
82 £.000 0.000 0,440 2840 0,440 2.84Q 178.000 0,000 $.200 7.040 5.200 Z7.040 3
23 0,000 0,160 0 800 3040 0,440 2880 __ _1180.000) 0200 5 040 7.360 4,840 7160 |
B4 0,000 0,240 0,560 2960 0.320 2720 176,000 0,320 $.200 2,400 4,880 7.090
|85 13580001 0240 0800 2.840 0,360 2.800 178.000 0360 £.080 7.08Q 4720 - $720 ]
-1 358,000 =0.040 0,400 2900 0,440 2.840 178.000 0 040 5,200 7160 5.1€0 J320 )
87 0000 0.080 0,449 2729 0,360 2.640 - 176.000 0169 5120 7,200 4,960 Z7.040 ]
-] D000 0,000 0,400 2.080 0,400 2080 __ 1180000 D120 5.84Q 8,440 5.720 8,320 %
| -89 0009 0,249 0,440 2.840 0.200 2,800 3180000} Q £.040 8,400 5.760 2.120
30 358.0001 0080 | 0080 } 2760 0160 2.840 182,0001 0040 S0880 1 8080 5.840 3,040 -
21 N/A 0.000 0.000 0000 £.000
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7 Attachment 5

Comparative Evaluation of Design Drawing and UT data to develop As-Built
Configuration

Purpose:

Compare the design drawing information with the as-measured UT data
from a Sister Plant (plant A) CEDM inspection to determine the differences
between the as-designed and as-measured configuration. Based on this
evaluation develop the as-built configuration to minimize the differences.

Process:

Use the as-designed information from design drawings and set the blind
zone elevation, from the nozzle bottom at 1.544 inches. Based on the location of
the blind zone determine the length of the freespan and the weld height for the
as-designed case.

This is to be done for the two azimuthal locations, namely the downbhill (0°
azimuth) and the uphill (180° azimuth). Use similar information from the UT
analysis data, Attachment 3, to determine the differences. The comparisons are
made for several nozzle groups to ensure an accurate evaluation.

Resulits:

The results are presented in the following pages. The first table provides
the determination of differences. These results show a consistent difference
between the as-designed condition and the as-measured condition. The
differences on the uphill side indicate that the J-weld may be longer than the
assumed as-designed condition. On the downhill side the differences suggest
that both the J-weld to be longer and a larger fillet radius. The large fillet radius
effect is observed for the higher head angle nozzle group (> 29.1°).

The second set of table was developed by increasing the J-weld length for
all nozzle groups by 0.3 inch and increasing the fillet radius for the downhill side
fillet on the higher angle nozzle groups ( groups with head angles > 29.1°). The
comparison between this configuration and the as-measured data is consistently
minimized as shown in the second table.

It should be noted that five nozzle groups were used in the comparison to ensure
that an accurate as-built configuration could be developed.
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Table 1: Comparison between the As-Designed and As-Measured (UT data)
Configuration

As-Deslgned Dimensions

lo.o‘. Nozzle isiiii Bottom Top Length AlHS  Bottom  1.0362
Measured A Measured A Measured A AlHS Top 2.1825
[Nozzle 1 Al H_§ 1.12 008 2.36 0.18 124 0.09 AllHS tength 1.1463
7.8°.Nozzles ;o Bottom Top Length Low HS Bottom  1.0102
Measured A Measured A Measured A Top 21790
Nozzle 2 Low HS 1.20 0.19 2.48 0.30 1.28 0.11 High HS Bottom  1.6596
High HS 184 0.18 3.16 037 1.32 019 Top 2.7895
Nozzle 3 Low HS 0.96 -0.05 244 0.26 1.48 0.31 Low HS Length 1.1688
High HS 1.68 0.02 3.16 0.37 1.48 0.35 High HS Length 1.1298
29.1°% Nozzles iz | Bottom Top tength Low HS Bottom  1.0339
Measured A Measured A Measured A Top 21943
Nazzle 36 Low HS 0.64 -0.39 252 0.33 1.88 072 High HS Bottom  3.4969
HighHS | 3.48 -0.02 512 039 164 0.40 Top 47345
Nazzle 37 Low HS 0.64 -0.39 2.52 0.33 1.88 0.72 Low HS Length 1.1604
High HS 352 0.02 516 043 164 040 High HS Length  1.2376
Nozzle 38 Low HS 0.84 -0.19 2.52 033 1.68 0.52
High HS 336 0.14 504 031 168 044
Nozzle 39 Low HS 0.68 -0.35 244 0.25 1.76 0.60
High HS 344 -0.06 512 0.39 168 044
Nozzle 40 Low HS 0.68 0.35 232 0.13 164 0.48
High HS 376 026 5.00 0.27 124 000
Nozzle 41 tow HS 0.84 -0.19 232 0.13 148 0.32
High HS 352 002 488 015 1.38 0.12
Nozzle 42 Low HS 0.76 -0.27 240 021 164 0.48
High HS 348 002 500 027 152 028
Nozzle 43 Low HS 068 0.35 2.52 033 184 0.68
High HS 340 -0.10 4.96 023 1.56 0.32
Ja2.4° Nazzles S Bottom Top Length LowHS Bottom  1.0328
Measured A Measured A Measured A Top 2.3466
Nozzle 68 Low HS 064 -0.39 2.88 0.53 224 0.93 High HS Bottom  5.0734
High HS 488 -0.19 7.00 0.45 212 064 Jop 6 5437
Nozzle 69 Low HS 0.24 -0.79 280 0.45 256 125 LowHS Length 1.3138
High HS 464 043 6.80 0.25 216 068 High HS Length 1.4753
Nozzle 70 Low HS 0.40 -0.63 264 0.29 224 0.93
High H: 476 0,31 672 017 196 0.48
Nozzle 71 Low HS 0.32 0.71 284 0.49 2.52 121
High HS 468 -0.39 668 0.13 200 052
Nozzle 72 Low HS 048 -0.55 276 0.41 228 0.97
High HS 472 035 684 0.29 2.12 064
e 73 ~
Nozzle 74 Low HS 0.52 -0.51 2.52 0.17 2.00 0.69
High HS 492 015 664 0.09 172 024
Nozzle 75 Low HS 0.60 -0.43 248 0.13 1.88 0.57
High HS 468 039 656 0.01 188 0.40
Nozzle 76 Low HS 0.60 0.43 268 0.33 208 0.77
High HS 456 -0.51 652 -0.03 196 048
Nozzle 77 Low HS 0.36 -0.67 248 0.13 2.12 0.81
High HS 472 -0.35 6.76 021 204 056
Nozzle 78 Low HS 0.88 0.15 288 0.53 200 069
High HS 5§24 017 692 037 168 020
Nozzle 79 Low HS 0.68 -0.35 2.84 0.49 216 0.85
High HS 496 -011 6.92 037 1.96 0.48
9.7 Nozzles Sl Bottom Top Length Low HS Bottom  0.9602
Measured A Measured A Measured A Top 24185
Nozzle 88 Low HS 0.40 -0.56 3.08 0.66 268 1.22 High HS Bottom  6.2468
High HS 572 -0.53 8.32 0.49 260 1.02 Top 7.8308

avg
stdev
stdev/avg

avg
stdev
stdeviavg

avg
stdev
stdev/avg

Weld Bottom Stats Weld Top Stats
Lowand HighHS  Lowand High HS
0.08 0.18
Weld Bottom Stats Weld Top Stats
LowHS HighHS  LowHS High HS
.19 0.18 0.30 037
-0.05 002 0.26 037
0.07 0.10 0.28 0.37
017 0.11 0.03 0.00
24 11 01 00
Weld Bottom Stats Weld Top Stats
LowHS HighHS  LowHS High HS
039 -0.02 0.33 0.39
-0.39 0.02 033 0.43
019 014 033 0.31
-035 -0.06 025 0.39
-0.35 0.26 013 027
<0.19 0.02 0.13 0.15
027 002 0.21 0.27
035 010 033 023
-0.31 0.00 0.25 0.30
0.08 0.12 0.09 0.09
-03 636 04 03
Weld Bottom Stats Weld Top Stats
LowHS HighHS  LowHS High HS
038 019 0.53 045
079 -043 0.45 025
063 -031 0.29 017
-0.71 -0.39 0.49 013
055 -035 041 0.29
-0.51 -0.15 017 0.09
043 -039 0.13 001
-0.43 -0.51 0.33 -0.03
-0.67 035 0.13 o1
-0.15 0.17 053 037
035 011 0.49 037
-0.51 -0.28 0.36 0.21
019 019 0,16 0.15
04 -07 04 07
Weld Bottom Stats Weld Top Stats
LowHS HighHS  LowHS High HS
-0.56 -0.53 0.66 0.49
076 -049 0.18 029
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Table 2: Comparison between proposed As-Built and As-Measured (UT data)
Configuration
Modifled (“As-Built") Dimensions Weld Bottom Stats Weld Top Stats
0.0° Nozde i liw. Bottom Top Length AllHS Bottom  1.0324 Lowand HighHS  Lowand High HS
Measured A Measured ___a | Measured A AlHS Top 24825 0.09 -0.12
Nozzle 4 All HS 112 0.09 2.36 -0.12 124 021 AlHS Length 1.4501
7.8° Nozzles Bottom Top Length LowHS Bottom  1.0060 Weld Bottom Stats Weld Top Stats
Measured A Measured A__{Measured A Top 2.4790 LowHS HighHS  LowHS High HS
Nozzle2 LowHS 120 0.19 248 0.00 1.28 -0.19 High HS Bottom  1.6573 0.19 a.18 0.00 0.07
High HS 184 018 3.16 007 132 011 Jop 30895 -005 0.02 004 007
Nozzle3 Low HS 0.96 -0.05 2.44 0.04 1.48 0.01 Low HS Length 14730 avg 0.07 0.10 -0.02 0.07
High HS 1.68 002 316 007 1.48 0.05 High HS Length  1.4322 stdev 017 0.11 0.03 0.00
stdev/avg 23 1.1 -1.5 0.0
29.1%. Nozzles 2iiil Bottom Top Length Low HS Bottom 0.6412 Weld Bottom Stats Weld Top Stats
Measured A Measured A Measured A Top 2.4943 LowHS High HS LowHS HighHS
Nozzle 36 Low HS 064 0.00 252 0.03 1.88 0.03 High HS Bottom  3.4969 0.00 0.02 0.03 0.09
High HS 348 002 512 009 164 010 Top 50345 Q.0a 0.02 Q.03 0.13
Nozzle 37 Low HS 064 0.00 2.52 0.03 1.88 0.03 Low HS Length 1.8531 0.20 -0.14 0.03 0.01
High HS 352 0.02 516 013 164 010 High HS Length 1.5376 0.04 -0.06 -0.05 009
{Nozzle 38 Low HS 084 0.20 2.52 003 168 017 0.04 026 0.17 .03
High HS 336 014 504 001 | 168 014 0.20 0.02 017 -0.15
Nozzle 39 Low HS 0.68 0.04 244 -0.05 1.76 0.09 0.12 -0.02 -0.09 -0.03
High HS 344 -0.06 512 0.09 1.68 0.14 0.04 -0.10 0.03 -0.07
Nozzle 40 Low HS 0.68 0.04 232 -0.17 1.64 021 avg 0.08 0.00 -0.05 0.00
High HS 376 0.26 500 003 1.24 =0.30 stdev 0.08 0.12 0.09 0.09
Nozzle 41 Low HS 0.84 0.20 232 -0.17 1.48 -0.37 stdev/avg 1.1 636 -1.8 1885
High HS 352 002 488 0.15 1.36 018
Nozzle 42 Low HS 0.76 0.12 240 -0.09 164 0.21
High HS 348 002 500 003 152 002
Nozzle 43 Low HS 0.68 0.04 252 0.03 1.84 0.01
HighHs | 340 010 | 496 o007 | 15 002
* Nozzies sk Bottom Top Length Low HS Bottom  0.6083 Weld Bottom Stats Weld Top Stats
Measured A Measured A Measured ___A Top 2.6466 Low HS High HS LowHS High HS
Nozzle 68 Low HS 064 003 2.88 023 224 0.20 High HS Bottom 50734 0.03 -0.19 0.23 0.15
High HS 488 019 7.00 015 212 034 Jop 68487 -0.37 -0.43 0.15 -0.05
Nozzle 69 Low HS 0.24 -0.37 280 0.15 2.56 ¢.52 LowHS Length  2.0383 0.21 -0.31 -0.01 -0.13
High HS 464 -0.43 6.80 -0.05 216 038 High HS Length  1.7753 0.29 -0.39 0.19 -0.17
Nozzle 70 Low HS 0.40 -0.21 264 -0.01 224 0.20 013 -0.35 0.1 -0.01
High HS 476 -0.31 672 013 196 0.18 -0.09 -0.15 0.13 -0.21
Nozzle 71 Low HS 032 -0.29 284 019 252 0.48 -0.01 -0.39 0.17 -0.29
HighHS | 468 -0.39 668 017 200 0.22 0.0 0.51 0.03 -0.33
Nozzle 72 Low HS 0.48 -0.13 276 0.1 228 0.24 -025 -0.35 017 -0.09
High HS 472 035 6.84 -001 212 034 0.27 017 023 007
Nozzle 73 Low HS 5 007 011 0.19 007
Al High HS < T | Bk e £ avg -0.09 -0.28 0.06  -0.09
Nozzle 74 Low HS 0.52 -0.09 252 -0.13 200 004 stdev 0.19 0.19 0.16 0.15
High HS 492 £.15 664 021 1.72 006 stdev/avg 2.1 0.7 25 -1.7
Nozzle 75 Low HS 0.60 -0.01 248 -0.17 1.88 -0.16
High HS 468 039 £5 029 1,88 210
Nozzle 76 Low HS 0.60 -0.01 268 0.03 208 0.04
High 456 -0.51 652 033 1.96 018
Nazzle 77 Low HS 0.36 0.25 248 017 212 0.08
High HS 472 035 £76 009 204 026
Nozzle 78 Low HS 0.88 0.27 288 0.23 2.00 -0.04
High HS 524 017 692 007 1.68 -0.10
Nozzle 79 Low HS 0.68 0.07 284 0.19 2.16 0.12
High HS 4 96 -0.11 6.92 007 1.96 0.18
9 ZoNoztles Lz Bottom Top Length Low HS Bottom  0.4228 Weld Bottom Stats Weld Top Stats
Measured A Measured A Measured A Top 27185 Low HS High HS LowHS High HS
Nozzle 88 Low HS 0.40 -0.02 3.08 0.36 268 0.38 High HS Bottom  6.1780 -0.02 -0.46 0.36 0.19
High HS 572 046 8.32 019 260 065 Top 81308 0.22 -0.42 0.12 -0.01
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Explanation of Mathcad worksheet used in the deterministic Fracture Mechanics
Analyses.

This Appendix has three (3) Attachments.
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ID Surface Flaws
Entergy Op(’mtimls Inc. Apendix xx; Attachment yy Engineering Report
Central l.‘ngmm’rm,\' Programs Page 1 of 30 M-EP-aaa-bbb-cc
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-11707: July 1992.
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1. 2002

Waterford Steam Electric

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

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized
Mean Radius -to- Thickness Ratio:- "R_/t" -- between 1.0 and 300.0

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

General information containing the Component Identification for analysis. Note
the information for Nozzle group , Location, and Elevation at which the analysis is
being performed. This information is not critical to the analyses; it is general
information but it is important for cataloging the analyses files.
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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 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.

Refpging = 1544

To place the flaw with repsect to the reference point, the flaw tips and center can be located as follows:
1) The Upper “C~ Tip" located at the reference point (Enter 1) '
2) The Center of the flaw at the reference point (Enter 2)
3) The lower *C- 1(p" Jocated 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 dimensfon (measured from nozzle bottom) below.

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

ULgyrs.Dist = 205
Three critical information are required in the three entries on page one.

1) the first entry required {Refpint} is the “Reference Location”; this entry
defines the reference line (e.g. the blind zone elevation) with respect to
the nozzle bottom.

2) The second entry {Val} defines the location of the Crack. In the current
analysis a value of two (2) is selected. This value locates the center of
the flaw at the reference line described above.

3) The third required input is the upper limit, elevation above nozzle
bottom, to be used for the stress distribution that will be used in the
analyses. This location for the current analyses is chosen to be slightly
above the bottom of the weld such that the appropriate stress profiles
are incorporated into the analyses.
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input Data :-

[.==235 Initial Flaw Length

ag = 0.035 Initial Flaw Depth

od = 4.05 Tube OD

id == 2728 Tube ID

Ppyt = 2235 Design Operating Pressure (internal)

Years .= 4 Number of Operating Years

l“m = 1500 lterationjimit for Crack Growth loop

T := 604 Estimate of Operating Temperature

O = 267-10 2 Constant in MRP PWSCC Model for I-600 Wrought @ 617 deg. F

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

Trcl" =617 Reference Temperature for normalizing Data deg. F

1) General Input data for tube and flaw geometry. In addition other
parameters required for the analyses are defined. These inputs remain
unchanged for this set of analyses.

2) The input for internal pressure Py is used to add the internal pressure to
the flaw face.

3) The operating time Years is set to four (4) such that proper analysis for
one cycle of operation is obtained.

4) The iteration limit I is prescribed as a large number (1500) such that
small time increments for crack growth are used in the crack growth
analysis.

5) The remainder of the inputs are for crack growth model, which is based on
MRP-55 at the seventy-fifth percentile.



Engineering Report
M-EP-2003-004-00
Appendix B; Attachment 1

Page 4 of 23
od id 1 . .
Ry = - Rig= ) t:=R,-Ryy Ry, =Riyg+ 3 Tlmopr = Years-365-24
Tim Iy R
. . 5 _ opr _ | lim _ L _°'m
Cr‘inhr = 1417-10 Ch]k = - Pmlb“\. = -W €= ? R[ = T
lim
0”3 | TH5967 T, .0 +459.67
COI = 1103-10 ref™ } Qg Temperature Correction for Coefficient Alpha
Cop =Cyy 75 th percentile MRP-55 Revision 1

General calculations to develop the constants needed for the analyses.
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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 "§" = OD Stress data at each Elevation (ksi)

AllData = _
0 0 -28.32 -18.3 -12.16 62 -0.02
i 0.35 -18.79 -12.49 661 -1.37 365
2 0.63 . 17.84 -10.52 441 .0.48 2.08
3 0.85 2052 -12.97 59 -0.87 -1.54
ry 1.03 -19.66 -11.83 529 0.23 1.46
5 1.18 172 -10.59 -0.52 16.33 21.02
3 1.29 -8.02 22 10.46 32.66 37.29
7. 1.44 478 9.56 24.9 38.18 54.09
] 1.59 13.25 18.57 35.28 52.81 66.52
) 1.74 16 22.02 39.19 62.95 75
10 1.689 15.86 23.14 40.23 64.33 74.87
1 2.04 1263 23.76 41.26 58.67 66.78
AXLen := AllData® ID 5y = AllData" 0D, = AllData®
Stress Distribution
100 T T T T T T

= s -

=

1]

g ——_

G op————— a

""...#-—
e 1 1 1 ] 1 !
50
0 0.5 1 1.5 2 2.5 3 35

Axial Elevation above Bottom [inch]
~—— D Distribution
—= 0D Distribution

1) the nodal stress data is imported from an Excel spread sheet provided by
Dominion Engineering. The appropriate data set in the spread sheet is
provided in the import command in Mathcad. It is important not to import
the node number column.

2) The data imported is plotted for the ID and OD distribution along the
length of the nozzle.

3) The plot presents all the nodal stress data imported. This plot is used to
define the region of interest for analysis and to select the sub-set of stress
distribution data pertinent to the analysis.
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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. 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.

( 0
0.35

0.63
0.854
1.034
1.178
1.293
1.442
1.591
1.74
1.889
\2.038

Data:=

—-28.324
-18.794
—17.838
—=20.517
—19.663
-17.203
—8.023
4778
13.252
16.001
15.857
12.629

—18299
—12.495
-10.518
—12.968
—11.831
—10.587
—2.205
9.557
18.569
22017
2314
23.76

Axl=Da®  MD = Dat® 1D = Data’®

Rip = regress(Axl, 1D, 3)

Rpqp = regress(Ax1,MD, 3)

—-12.16
—6.607
—4.407
—5.902
—5.288
—-0.515
10.461
24903
35278
39.194
40.235
41.263

—6.201
—1.366
—0.477
~0.874
0227
16.326
32.658
38.177
52.808
62.945
64.335
58.673

—0.021 \
3.655
2.08

—1.536

146

21.019
37.289
54.089
66.517
75.001
74.874
66.777 )

TQ = Dala@) QT := Data(z) oD = Data<5>

RQT = regress(Ax1,QT,3)

RTO = regress{Axl, TQ,3)

ROD = regress(AxI, 0D, 3)

1) Shows the incorporation of the selected data into a Data matrix that will be

used in the analysis.

2) The definiton of the axial distribution at the five locations through the wall

thickness are defined.

3) A third-order polynomial regression is performed at each of the five
through-wall locations to define the curve used to develop the through-wall

distributions.



Engineering Report
M-EP-2003-004-00
Appendix B; Attachment 1
Page 7 of 23

FLCmr = RCfPoim ) if Val =1 Flaw center Location above Nozzle Bottom
RC‘Poinl if Val=2

Refpging + <o otherwise

UL sop — Urs
~1-Strs.Dist Tip
UTip =Flcniet <0 Incgyrs avg = 20

1) defines the upper tip of the flaw based on reference line and flaw location
(Val) inputs provided in the first sheet.

2) Determination of segment length above the initial crack upper tip location.
Twenty (20) segments are used.

N =120 Number of locations for stress profiles

i:=1.N+3 Incri = | ¢ ifi<d

]"cSlrs.an otherwise

L.oci = Locj-1 + Incrj

1) Setting of the iterative loop to develop the through-wall stress distribution.
2) Initialization of the loop to define axial elevation and segment length
required to obtain the through-wall stress profiles at defined locations.
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-~

SID;j = RlDl + R]Dd-Loci + R”)ﬁ-(Loci)2 + RIDG-(Loci)’1

2 3
SQT;j = RQT3 + RQT“.LOCi + RQTS(LOCl) + RQTG'(I_.OCf)

2 3
SMD; := Ryp_ -+ Ryyp -Loci + RMDS-(LOC;) + RMDG-(Loci)

2 3
STQ; = RTQ3 + RTQd-Loci + RTQS-(Loci) + RTQG.(LOC;)

SOD; = ROD. + ROD4'L°°i + RODS-(Loc;)2 + ROD6-(Loci)3

Determination of stresses at the five locations through the thickness and at
defined elevations. This structure develops the matrix for the through-wall stress
distributions for the defined locations that will be used in the moving average
method for developing the stress profiles.
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SIDj + SIDj4 +SIDj2 . SQTj+ SQTj+1 +SQTjs2 |
Sidj = J ; — if j=1 Sqtj = 3 J ifj=1

Sid._]'(j"' 1) + SIDj42 sqt( ‘_I).(j+ 1)+ SQTj42
d - otherwise J - otherwise
Jt2 1+2
SMDj+ SMDjy + SMD; STQj+ STQj41 + STQ;
S j i+ B2 i S Qj + STQj+1 + STQj+2 =1
mdj 3 “lj 3
Smdj_l.(j +1) + SMDj12 Stqj_l.(j + 1) + 8TQj42
- otherwise - othenwvise
jt2 jt2

SOD; + SODj41 + SODj2
Sod. = J It TR
i 3

Sodj_l‘(j +1) +S0Dj42
otherwise

j+2

Loop structure to perform the calculations for stress profiles at the defined
locations along the nozzle height.

1) All five locations through the thickness are similar.

2) The first conditional statement defines the average stress at the initial
flaw location, which is the average of the stress at the lower tip, the
flaw center, and the upper tip. These stresses are used to calculate
the applied stress for the initial flaw.

3) The second conditional statement performs the moving average at
each segment location. Thus the moving average accounts for the
changing stress field as the crack progresses towards the bottom of
the weld. In the current analyses the stress field increases in
magnitude as the crack progresses towards the weld bottom.



Uy = 0.000

o
1
=]
2
w
=

1%

I
=
"
S

Y = stack(uo.u[ JUy,u3 ,u4)

SIG, = stack(Sidl Squ,*Smd, »Stq, 'Sod])
SIG3 == stack(Sids,Sqt3,Sn]d3,Slqs,SodJ)

SIGs = stack(SidS,Sqts,Smds,Slqs,Sods)

SIGy = stack(Sid7,Sq[7,Smd7,Slq7,Snd7)

SIGg == smck(sid‘),s%,smdg,sl%.sodg)

SIG|; = stack{S;4 ,Sgt »Smd. ~Siq..+S
11 (ld“ qt;,*“md,, tq,, od“)

SIGy3 = stack(Sidl3,Sqtn,Smdls.Slqls,Sodn)

SIG < == stack({S:; ,S. .S .S, LS
15 (Sid,Sat,5> Smd -Stq, > Sod )

SIG(~ := stack(S;; ,S., .S 2Sin S
"7 (xd|7 qt,,”"md,;*>1q,,%0d,,

SIG g == stack(S:; ,S, ,S 3Siq 5S
119 »= stac ( id,o*2at,y >md, 4" tq odw)

u
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3 = 0.75 uy = 100

SIG, = stack(Sidl,Sqtz,Smdz,S[qz,Sodz)

SIG = Sm‘:k(sidé'sqt“’and4’stq4’sod4)

SIGg = smck(sidé,s%,smd(’,s[q(),sodé)

SIGS = Slﬂck(sids R Sqtg' Smdx R Stqs . S()ds)

SIGg = stack(Sidlo,Smm,Smdm,Slqm,Sodm)

SIG = Stac"(sidlz’S‘l‘u’smd.z’S‘qu’SOd,g)

SIGy = Smck(sid,_;sqt, o Smd, »Siq,,>S0d, 4)

SIGyg = stack(Sidm,Sqtm,Smdm,S[qu,SodIG)

SIGyg = stack{S:y ,S4 S 28 »S
18 = stac ( id|¢*2qt g ®md o 7tq o odlg)

SIGyq = smck(sidm,sqtm,smdm,s[qm,sodm)

Setting of a column matrix for the stresses at each segment for the five through-

wall location.
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IDRG | := regress(Y.SIG,3)

IDRGj := regress('Y ,SIGj, 3)

IDRGgy = rcgrcss(Y,SIGS,3)

IDRG7 = regress(Y .SIG7,3)

IDRG:,_ = regrcss(\’,SlG2,3)
IDRG4 = rcgrcss(Y,SlG4,3)

IDRGg := regress(Y,SIGg.3)

IDRGyg := regress( Y ,SIGg,3)

IDRGg = regress( Y, SIGg, 3) IDRGyq := regress(Y,SIGg,3)
IDRGy == regress(Y,SlG|l,3) IDRGy5 = rcgress(Y,SlGlz,3)
IDRG 3 := regress(Y,SIG3,3) IDRG 4 = regress(Y,SIG | 4,3)
IDRG s = regress(Y,SIGy5,3) IDRG ¢ := regress(Y .SIGg,3)
IDRG 7 = rcgress(Y,SIG|7,3) IDRG g = regrcss(Y,SlG]8,3)
[DRG19 = rcgress(Y,SlG]g,3) IDRGZO = regrcss(Y,SleO,3)

Third-order polynomial regression to determine the coefficients that describe the
stress distribution through the wall at the defined locations.



Engineering Report
M-EP-2003-004-00

Appendix B; Attachment 1

SICF Coefficient Determination

Ish =
0; 1.000 0.200 0.000
A 1.000 0.200 0.200
12! 1.000 0.200 0.500
30 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
a1 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

Partial data table for the SICF determination.

1) Column 0 is the R/t ratio.
2) Column 1 is the a/c ratio (crack aspect ratio)

3) Column 2 is the a/t ratio (normalized crack depth)

Page 12 of 23

This table in conjunction with the table in the following page together is used to

determine the particular SICF
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ambi =

S

X

e | e B
|5

62

0 1.076 0.693 0.531 0434 0.608 0.083 0.023 0.009
aq: 1.056 0.647 0.495 0.408 0.615 0.085 0.027 0.013
2. 1.395 0.767 0.557 0.446 0.871 0171 0.069 0.038
3. 2.53 1.174 0.772 0.58 1.554 0.363 0.155 0.085
4. 3.846 1.615 0.995 0.716 2277 0.544 0.233 0.127
5" 1.051 0.689 0.536 0.444 0.74 0.112 0.035 0.015
B 1.011 0.646 0.504 0421 0.745 0.119 0.041 0.02
7; 1.149 0.694 0.529 0435 0.916 0.181 0.073 0.04
8 1.6 0.889 0.642 0.51 1.334 0.307 0.132 0.073
9. 2.087 1.093 0.761 0.589 1.752 0.421 0.183 0.101
10 0.992 0.704 0.534 0.506 1.044 0.169 0.064 0.032
1 0.987 0.701 0.554 0.491 1.08 0.182 0.067 0.034
12 1.01 0.709 0.577 0.493 1.116 02 0.078 0.041
13 1.07 0.73 0.623 0.523 1.132 0.218 0.095 0.051
14 1.128 0.75 0.675 0.556 1.131 0.229 0.11 0.06
15 1.049 0673 0.519 0427 06 0.078 0.021 0.008
16 1.091 0.661 0.502 0413 0.614 0.083 0.025 0.012

Partial table of the influence coefficients (SICF) as described below:

1) Column 0 is the uniform coefficient for the a-tip.

2) Column 1 is the linear coefficient for the a-tip.

3) Column 2 is the quadratic coefficient for the a-tip.

4) Column 3 is the cubic coefficient for the a-tip.

5) Column 4 is the uniform coefficient for the c-tip.

6) Column 5 is the linear coefficient for the c-tip.

7) Column 6 is the quadratic coefficient for the c-tip.

8) Column 7 is the cubic coefficient for the c-tip.

Both tables, (labeled Jsb and sambi), have the same number of rows.
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W o= Jsb® X = sl Y = 15t
ay = Sambi(0> ap = Sambi(l> ag = Samhi<2) ac = Sambi@
cy = Samhi<4> cp = Szlmbi(5> Q= Samhi<6) cc = Sambi<7)
n= |3 if R <40
2 otherwise
"a-Tip” Uniform Term
MaU = augment(W,X,Y) vaU =ay RaU = rcgrcss(MaU,VaU,n)
W
LUV, X, Y) = interp| Ry15. Moy, Vayyo| X |
Y)
iy, 4,.8) = 1424 Check Calculation

Programming steps shown for determining the SICF.

1)
2)

3)

4)

o)
6)

7)

First is the definition of the column matrix defined with respect to the
tables above.

Second is the conditional statement that defines the polynomial order
based on cylinder property (Rn/t ratio). For thick cylinder the polynomial
order is cubic (3) whereas for thin cylinder it is quadratic (2).

Third the M,y statement assembles the matrix required for regression and
interpolation for the uniform a-tip SICF.

Fourth the R,y statement performs the nonlinear regression on the
assembled matrix to determine the regression coefficients needed for the
interpolation routine. This is for the uniform a-tip term.

Fifth the f,y statement defines the interpolation function. This is for the
uniform a-tip term.

Sixth the fau(4,.4,.8) statement is the check calculation for R/t = 4, a/lc =
0.4 and a/t = 0.8. The calculated value of 1.424 compares favorably with
the text value of 1.443.

Similar structure is followed for all the other SICF entries.
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Recursive Loop for Calculation of PWSCC Crack Growth

CGRympi = Jie 0
a9 < 210
Co<— CO

while j < Ij;
Start of the recursive loop showing the loop initialization.
1) Index “j” is set to zero (0).
2) Initial crack depth and half length are defined.
3) The Time for corrosion interval is initialized.
4) The internal loop for each corrosion time span is initiated.
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G« |IDRGy if cj<cg
3
IDRGy if ¢ < ¢j < co+ InCgpg qve
d—3 o —

IDRG:,,,3 if cg+ lncStrs.avg <cjscot 2'1“081rs.avg

IDRGy if cg+ 2 Incgypg avg < Cj < €0+ 3InCgypg avg
3 > ' a

IDR653 if co+ 3"“°Strs.avg <cj<cot 4"“CStrs.a\-'g

IDRG()-3 if cg+ 4"“°Strs.avg <cjScot S'mCStrs.avg

IDRG73 iff co+ 5-Incqypg que < Cj S o+ 6']“°Strs.avg

g

IDRGS3 if ¢co+ 6"“°Strs.avg <¢cj<Sct 7'InCStrs.avg

IDRGg3 it co+ 7"“°Strs.avg <cj<cot 8'l”CSlrs.avg

IDRG if co+8-Inc o < Ci £ co+9-Inc ,
10, Strs.avg ~ Strs.avg

Partial statement showing assignment of the uniform stress coefficient. The
assignment considers all twenty (20) segments. Similar assignment statements
cover the other three stress coefficients (viz. linear — o4, quadratic- o2 , and cubic
- o3). The assignment is based on the current flaw upper c-tip location. The
conditional statement is based on current location “c;” as compared to the upper
and lower limit for each segment.
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&()(-— GO

Eqé- G+ 0| —= |+ 09| —
2 0 1
Lt )

§3€—00+G]'; t+Cy| —
Lt )

Eg Ot o |—

Using the stress coefficients for the through-wall stress distribution, this step
determines the stress distribution across the crack face in the depth direction.
The crack depth is divided into five equal segments. The stress distribution
across the crack face is calculated for each current crack location.

Xp ¢ 0.0

X1 025

X9 ¢ 05

X3¢ 0.75

Xg 1.0

X stack(xo,x] ,X2,X3,X4)
ST « stack(&o,ﬁl ,§2,§3.-§4)

RG « regress(X,ST,3)

Developing the appropriate matrix and performing a third-order polynomial
regression to determine the stress coefficients for the stress distribution across
the crack face. These stress coefficients are used in the SIF dteremination.
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000 < RG3+ le
0]0(— RG4

O9o0¢ RGs
G309 RUig

Assignment of the stress coefficients. The stress coefficient for the uniform term
coo contains the coefficient for the uniform stress (operating+residual) and the
addition of the internal pressure (Pit). This is the step where the internal
pressure is added to the calculation. This step ensures that the crack faces are
pressurized.

aj
ARj —
‘ Ci
aj
ATj(— —
1

Gauj - faU(RI,ARj ,ATj)
G, for.(Ry» AR} AT))
Gaq, fao(Re, AR}, ATj)
Gacj « fc(R; AR}, AT))
chj « fy(R, AR}, AT))
Gclj<— fCL(Rt,ARJ-,ATj)
Geq. < fCQ(Rt,ARj ,ATj)

J

GCci — fCC(Rt,ARj,ATj)
Step showing calculation of current crack aspect ratio (a/c), the current crack

G
normalized depth (a/t) and the function call {G,; e.g.( auj )} for the eight SICF
associated with the current crack dimensions.
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c: 1.65
1+ 1.464-(—" otherwise

Determination of the crack shape factor depending on the current crack aspect
ratio.

N neaj )
K, « -(0 .Gy, + 010Gl + O Goo + 020G )
a L Q; ) 00 au, 10 al.' 20 aq 30 ac;

0.5
T-ci )
r J
K. «|—2 -(G -Gy, + 010Gl + 020Gy + 030-G )
c; ( Qj} 00 cu; 10 clJ 20 cq; 30 cc;
Ky < K, -1.099
KYj «— ch-1.099
Determination of the SIF at the two crack tips (a-tip and c-tip) in English units and
conversion to metric units.

l\ai«:— 90 i I\ai:§9.0

KOci otherwise

Conditional statement to test for the threshold value for the SIF. This is needed
for PWSCC crack growth analysis. Done for both the a-tip and c-tip. Only the a-
tip is shown.

- 1.16
D, « CO-(E\a_ ~ 9.0)
J J

Calculation of the crack growth rate {da/dt} in metric units (m/sec). Shown for the
a-tip but sthe same calculation is performed for the c-tip.
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Dyo. ¢ |Dg CFipnrCpii if Ky < 800

) J J

410~ '0.CF;

b Chllc Otherwise

Calculation for crack growth in one time block. This block for the current analysis
is about twenty-four hours (24 hrs.). The crack growth is in English units (inch)
because the conversion factor {CFi.} is used. The first statement is set when
the SIF is below the upper asymptote and the second statement is used when
the SIF is greater than the upper asymptote. When the SIF is greater than the
upper asymptote, the SIF independent crack growth is about 0.5 inch per year.

output(j, o) < i
output(j 1) ¢ a;
outpul(j,2) < €j—Cop

output(j 3) ¢ Dag.
=)
outputj, 4) < chj
output(j, sy < Kaj
output(j, ¢) < Kc.
J

NCB;
365-24

Olllpul(j ,7) &—

Typical output statements within the recursive loop showing the storing of
variables that are required for loop operation and those of interest in displaying
the time dependent trend.
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je i

aj< aj—; + Dagj—l
Cj4— Cj—1 T chj—l

aj tilfaj21
aj otherwise

o

NCB' — NCBj_l + Cb“\

output

The recursive loop is incremented and the required variables (crack depth, crack
length, and the time variable are updated for the start of the next recursive loop
operation. The last statement is a dummy statement to terminate the recursive
loop.

pmpl,englh = 0.506

Flaw Growth in Depth Direction
T T | I T T T

Flaw Growth -Depth- {inch)

1 | 1 1 |
0 03 I 1.5 2 25 3 35 4

Operating Time {years}

Typical Mathcad graphical display used to evaluate the important parameters.
The Propiengt in the upper left corner is used to ascertain the growth to the weld.
This number is calculated internally before the recursive loop is started. This is
the difference between the weld bottom location (ULsys.pist) and the Crack Upper
Tip location (Urip).



CGRsambi CGR

(k.8)

sambi

(k.6)

0.163

0.163

0.163

0.163

0.163

0.163

0.163

0.163

0.163

0.163

0.163

0.163

0.163

0.163

0.163

b | ob | b =] =] R S R ] ] R | =] S]] -] -

0.163

Engineering Repo

rt

M-EP-2003-004-00
Appendix B; Attachment 1
Page 22 of 23

CGRsambi

0.111
0.111
0.111
0.111
0.111
0.111
0.111
0.111
0.111
0.111
0111
0.111
0.111
0.111
0.111
0.111

(1

Typical numerical output in tabular form used to ensure proper functioning of the

model.

Crack Growh in Langth Drecion firch

O perating Time {years)

Typical Axum graphics for use in the report.
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End of the Mathcad worksheet Description
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Central Engineering Programs

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. 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

Waterford Steam Electric

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

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "let“ -- between 1.0 and 300.0

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

obtain the value in inch/hr .

Note :- The two differences between this model and the ID surface flaw model are:
1) Use of SICF tables from Reference1 for External flaws (pages 9 - 12).
2) The stress distribution is from the OD to the ID (pages 6 - 8).

These differences are noted (in bold red print) at the appropriate locations.

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 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 flaw tips and center can be located as follows:
1) The Upper "c- tip" 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 := 1

Developed by: Verified by:
B. C. Gray

J. S. Brihmadesam
%
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Input Data :-

L := 0.3966
aO = 0.0661
od := 4.05
id := 2.728
PInt = 2.235
Years := 4
Illm = 1500
T := 604

Appendix B; Attachment 2
Page 2 of 30

Initial Flaw Length

Initial Flaw Depth

Tube OD

Tube ID

Design Operating Pressure (internal)

Number of Operating Years

lteration limit for Crack Growth loop

Estimate of Operating Temperature

Engineering Report
M-EP-2003-004-01

0 = 2.67-107 12 Constant in MRP PWSCC Model for 1-600 Wrought @ 617 deg. F

Qg =310 Thermal activation Energy for Crack Growth {MRP)
Tref = 617 Reference Temperature for normalizing Data deg. F
od id t .
RO = Y Rid =3 t:= RO_ Rid Rm = Rid+ 3 Tlmop
Tim Iy
. 5 . opr lim _ L .
CFinhr = 1.417-10 Cblk = K Pmtblk = '5—0 CO = -5 Rt .
[ —Qg ( 1 1 3
1.103-10~3 | T+459.67 T_.+459.67
COl — o reft ) X Temperature Correction for Coefficient Alpha
Co =Cp1 75 th percentile MRP-55 Revision 1
Stress Input Data
Developed by:

J. S. Brihmadesam

r = Years-365-24

Verified by:
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)

Column "4" = Three Quarter Thickness Stress data at each Elevation (ksi)
Column "5" = OD Stress data at each Elevation (ksi)

AllData :=
4 0.48 0.63 -1.49 36 -4.44 -5.27
0.87 17.66 16.42 14.61 12.41 9.38
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
1.63 32.36 28.47 27.59 34.28 451
4 1.79 27.39 28.92 31.39 43.88 63.72
YL 1.92 21.5 25.56 33.55 48.09 66.36
8, 2.05 16.94 23.79 34.06 4947 67.67
97 2.18 14.83 22.26 34.78 49.05 63.38
AXLen = AllData<0> ID All = AllData<l> OD All = AllData(S)
Stress Distribution
100 I T T I T

Stress [ksi]

=50
0

0.5 1 1.5 2 25 3

AXLen
Axial Elevation above Bottom [inch]

Observina the stress distribution select the reaion in the table above labeled Data.. that represents the

Developed by:
J. S. Brihmadesam

Verified by:
B. C. Gray
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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 (Shiff-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\
0483 0.633 —1.486 -—3.599 —444 —5268
0.87 17.665 16422 14.61 12.415 9.376
1.18 29798 26.049 22.723 18.95 14.201
Data := | 1428 33.623 27.792 24.8 24321 26.989
1.627 32364 28469 27.591 34284 45.104
1.786 27394 28918 31.388 43.882 63.718
1.919 21498 25.556 33.55  48.089  66.365
\2.051 16944 23793 34064 49472 67672 )

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

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

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

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

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

RefPoint +¢p otherwise

ULStrs.Dist ~ UTip
20

Urip = FLcne + €0 Incgirs avg =

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

Locg := FLopr— L

i=1.N+3 Incri = |cp if i< 4

[nCStrs.avg otherwise

Loci := Locj—; + Incrj

2 3
SID; = Ryp_+Ryp,-Loci + RIDS-(Loci) + RIDG-(Loci)

2 3
SQTi = Rqr, +Rqr, Loci + RQTS-(Loci) + RQTG-(Loci)

D; =R Rpp -Loci + R )2 )’
SMD; := Ryp_ + Ryip,'Loci + Ryp -(Loci)” + Rmp,(Loci)
STQ; := Ry +Rq -Loci + R i) Loc;)’

Q= TQ3+ TQ4' oc + TQS'(LOCI) +RTQ6’( 001)

2 3
SODj = ROD3 + R()D4‘L00i + RODS-(Loci) + ROD6'(L°ci)

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

j=1.N

| SID;+ SIDjy; +SIDjsy . | SQT; + SQTj41 + SQTj2

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Entergy Operations Inc

Central Engineering Programs Page 6 of 30
bidj = . . — it =1 sqtj = : : 1t =1
Sid._l‘(j + 1) + SIDj42 Sqt( ._1)‘(j +1) + SQTj42
J - otherwise J - otherwise
j+2 J+2
SMD; + SMDj 4+ + SMD; STQ; + STQ;41 + STQ;
S q — fi] J+1 1+2 if J = St — Qj . Q_]+l Q_|+2 if J =1
md, 3 9; 3
Smd._l‘(j +1) + SMDj42 Stq._l'(j +1) + STQj+2
J - otherwise J - : otherwise
j+2 jt2

SOD; + SODj4 + SOD;
Sod. = ! AL 2 irj=1
i 3
Sodj_l'(j +1) + SODjy,
- otherwise
Jjt+2

Note the Change here to develop stress distribution forfn OD to ID

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

ug = 0.000 up = 0.25 Uy = 0.50 uz = 0.75 uy = 1.00
Y = stack(uo,u] ,u2,u3,u4)
SIG = stack(Sodl,Stql ,smdl,sqt],sidl) SIG, := stack(SOd2,Stqz,Smdz,Sqtz,Sidz)
Developed by: Verified by:
B. C. Gray

J. S. Bribmadesam
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SIG5 := stack(SOd3,Stq3,Smd3,Sqt3,Sid3) SIG, := stack(Sod4,Stq4,Smd4,Sqt4,Sid4)
SIG; = Sta':k(sods’sth’Smds’sqts’sids) SIGg = Sta‘:k(sodG’Sth’Smdé’Sqt6’sid6)
SIG7 := StaCk(sod7’Stq7’smd7’sqt7’sid7) SIGg = StaCk(sods’Stqs’smds’sqtg’sidg)
SIGg := stack(sodg,stqg,smdg,sqtg,sidg) SIGy = stack(SOdm,Stqu,Smdl O,Sqtlo,sidm)

SIG){ = stack(SOd“ ,stq“,smd”,sqt”,sid“) SIG |, = StaCk(SOdu’Stqlz’smdlz’sqtu’sidlz)
SIG - := stack{S ,S ,S S LS SIG, = stack(S ,S .S S . LS

13 ( od;3>°tq,3°°md ;> qt, 'd|3) 14 ( od,,>>tq,, "md, > "qt, ‘d14)
SIG ¢ = stack{S ,S S S LS SIG . = stack(S S .S .S LS

15 ( od;5>°tq;5> " md, 5> 7qt, ‘dls) 16 ( od,>1q,¢°"md, > 2qtyg 'dlé)
SIG 7 = stack(SOd”,Stq”,Smd”,Sqt”,Sid”) SIG g = StaCk(SOdIS’SthS’SdeS’sqtl8’sid18)
SIG|g = Sta"k(sodlg’stqlg’Smdlg’sqtlg’sid,g) SIGy = StaCk(SOdzo’Stqzo’Smdzo’Sqtzo’sidzo)

Regression of Throughwall Stress distribution to obtain Stress Coefficients throughwall using a Third Order polynomial

ODRG; := regress(Y,SIG,3)

~ e~

Developed by:
J. S. Brihmadesarn

ODRG, := regress(Y,SIGy,3)

A~~~ fev ~v~ Y

Verified by:
B. C. Gray
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ODRU3 = regress| Y ,51G3,3) UDRUy = regress| Y, 51Uy, 3)

ODRGj := regress(Y,SIGs,3) ODRGg = regress(Y ,S1Gg; )

ODRG7 = regress(Y,SIG7,3) ODRG8 = regress(Y,SIG8,3)

ODRGy := regress(Y,SIGg,3) ODRGj := regress(Y,SIG,3)
ODRG] | := regress(Y,SIG},3) ODRG | := regress(Y,SIG5,3)
ODRG13 = regress(Y,SIG13,3) ODRGy4 = regress(Y,SIG14,3)
ODRG15 = regress(Y,SIG15,3) ODRG16 = regress(Y,SIG16,3)
ODRG]7 = regress(Y,SIG17,3) ODRG18 = regress(Y,SIGlS,3)
ODRGlg = regress(Y,SIG19,3) ODRG20 = regress(Y,SIGzO,:%)

Stress Distribution in the tube. Stress influence coefficients obtained from thrid
order polynomial curve fit to the throughwall stress distribution

Propy ength = ULstrs.Dist ~ FlCntr— €0

PmpLength = 0.242

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

Developed by: Verified by:
J. 8. Bnhmadesam B. C. Gray
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Data Tables for External falws from Reference 1

Mettu Raju Newman Sivakumar Forman Solution of ID Part throughwall Flaw in Cyinder

Jsb :=

1.000 0.200 0.200
2: 1.000 0.200 0.500
13 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
i: 1.000 0.400 0.500
‘81 1.000 0.400 0.800
8 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
a5 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
24 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

Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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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
47 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
53 10.000 0.400 0.800
54 10.000 0.400 1.000
55 10.000 1.000 0.000
56 10.000 1.000 0.200
57 10.000 1.000 0.500
58 10.000 1.000 0.800
59 10.000 1.000 1.000
60 300.000 0.200 0.000
61|  300.000 0.200 0.200
62 300.000 0.200 0.500
63 300.000 0.200 0.800
64 300.000 0.200 1.000
65 300.000 0.400 0.000
66 300.000 0.400 0.200
67 300.000 0.400 0.500
68|  300.000 0.400 0.800
69|  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
Developed by:

J. 8. Brihmadesam

Engineering Report
M-EP-2003-004-01

Verified by:
B. C. Gray
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Sambi := —
0’ 1.244 0.754 0.564 0.454 0.755 0.153 0.06 0.032
iz 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
13 2.965 1.336 0.858 0.635 1.293 0.271 0.109 0.058
47 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! 1175 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 28 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
a1, 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 1111 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 2732 1.255 0.817 0.609 1.207 0.245 0.097 0.051
19 3.842 1.634 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 2.454 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
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
31 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
33 2.51 1.178 0.782 0.596 1.16 0.242 0.097 0.051
M 3.313 1.464 0.932 0.693 1517 0.339 0.139 0.073
35 1 0.655 0.518 0.44 0.754 0.118 0.036 0.017
36 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 1.4 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 0513 1127 0.189 0.068 0.034
Developed by: Verified by:

J. 8. Brihmadesam

B. C. Gray
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41 1.03 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 0.612 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 0114 0.062
49 2.921 1.323 0.859 0.645 1.715 0.402 0.169 0.092
50 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
52 1.31 0.755 0.565 0.466 0.984 0.192 0.076 0.04
53 1.565 0.858 0.625 0.505 1.378 0.309 0.129 0.07
54 1.749 0.938 0.675 0.539 1.747 0411 0.174 0.095
55 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
57. 1.078 0.738 06 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 1.137 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 0.514 042 0.613 0.081 0.024 0.011
62 1.459 0.79 0.569 0.454 0.79 0.138 0.051 0.026
63 1.774 0.917 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
67 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
69 1.438 0.838 0.618 0.496 1.413 0.31 0.126 0.066

W o= JsbO X = JstV Y = Jsb?

agy = Sambi<O> a = Sambi<1> aQ = Sambi<2> ac = Sambi<3>

cy = Sambi(4) cp = Sambi(5> cQ = Sambi<6) cc = Sambi(7>

Developed by: Verified by:

J. 8. Brihmadesam

B. C. Gray
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n:= 13 ithS4.0
2 otherwise
"a-Tip" Uniform Term
MaU = augment(W,X,Y) VaU =ayy RaU = regress(MaU,VaU,n)
A

f£,u(W,X,Y) = interp| R,7, My, Vau| X |

Y)

f,y4,4,.8) = 1.741 Check Calculation
Linear Term
M, = augment(W,X,Y) VaL =2 Ry = regress(MaL,VaL,n)

W)

f,1.(W,X,Y) := interp| Ryp ,Mpp ,Vpp | X |
Y)
faL(4"4"8) = 0919 Check Calculation

Quadratic Term

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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MaQ = augment(W, X,Y) an =ag RaQ = regress(MaQ,VaQ,n)

W)
f,0(W,X,Y) := interp| Ry, Maq» Vaqs| X |

Y)

faQ(4,.4,.8) = 0.656 Check Calculation
Cubic Term
M,c = augment(W,X,Y) VaC =ac Ryo = regress(MaC,VaC,n)
W)

£,0(W,X,Y) = interp| R,c,M,c, Vaoo| X |

Y)

fac(4,4,.8) = 0524 Check Calculation

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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"¢ Tip Coetticients
Uniform Term
M.y = augment(W,X,Y) VcU =cy R.y= regress(McU,VcU,n)
W
f.y(W,X,Y) = interp| Ro(1,Myy» Veus| X |
Y)
foy(4,4,.8) = 1371 Check Calculation
Linear Term
McL = augment(W, X,Y) VcL =cp RcL = regress(McL,VcL,n)
W)
£ .(W,X,Y) := interp| R; ,M_p,Vep»| X |
Y )
fo1.(2,4,.8) = 0319 Check Calculation
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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McQ = augment(W,X,Y) VcQ =cQ RcQ = regress(McQ,VcQ,n)

W
foQ(W,X,Y) := interp| Re s Mc» Ve | X |

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

M,c = augment(W,X,Y) Vee =cc

W)
£,0(W,X,Y) = interp| R.c, M, Vo] X |

Y)

f.c(4,.4,.8) = 0.068 Check Calculation

R.c = regress(McC Ve n)

Engineering Report
M-EP-2003-004-01
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Developed by:
J. S. Brihmadesam

Verified by:
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vaicuiatons [ xecursive caicuiauons 1o esumate riavw growtn.

Recursive Loop for Calculation of PWSCC Crack Growth Entergy Model

CGRsambi = j(—— 0

ag < 2y

Co ¢ C

NCBg « Cy

while j < Ij;,

Op < 0DRG13 if ¢j < ¢

0DRG23 if cop<cj<co+ IncStrs.avg

ODRG33 if co+ IncStrs.avg <cjsco+ Z'IncStrs.avg
ODRG43 if co+ 2'IncStrs.avg <¢cj<cpt 3’I“cStrs.avg
ODRG53 if co+ 3'InCStrs.avg <cj<cpt 4’In°Strs.avg
ODRG63 if cg+ 4'InCStrS.avg <cj<cot 5']ncStrs.avg
ODRG73 if cp+ S'InCStrs.avg <¢cjscpt G'IncStrs.avg
ODRG83 if co+ 6'I“cStrs.avg <cjsco+ 7'I“cStrs.avg
ODRG93 if co+ 7'In°Strs.avg <cjScot s’lncStrs.avg
ODRGm3 if ¢o+ 8'InCStrs.avg <cjSco+ 9'In°Strs.avg
ODRG; I if co+ 9'In°Strs.avg <cjsSco+ IO'InCStrs.avg
ODRG123 if co+ IO'InCStrs.avg <cj<cot ”'InCStrs.avg

ODRG3 if co+ 11-Incgyg avg < €j < ¢o+ 12-Incgyg avg
3 . .

IA

ODRG14 if Co+ lZ‘]l’lCStrs avg < Cj Co+ 13'II’ICStrS avg
3 . .

MAMND M & A 1A Tea PP O R I I P

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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UUI\U]S 11 ¢o+ IJ‘lllUStrS avg < Uj >t l4'l[lCStrS an
3 . B

ODRG163 if co+ 14'I"°Strs.avg <cj<co+ 15'In°Strs.avg
ODRG173 if co+ 15'In°Strs.avg <cj<cot 16'I"CStrs.avg
ODRG183 if co+ 16'I“°Strs.avg <cj<cot 17'In°Strs.avg
ODRG193 if co+ 17'In°Strs.avg <¢cjscot IS'I“CStrs.avg
ODRG203 otherwise

C1¢ ODRGI4 if ¢j < ¢

ODRG24 if cp<cj<co+ IncStrs.avg

ODRG:;)4 if co+ I“CStrs.avg <cjscp +2']“°Strs.avg
ODRG44 if c0+2'lncStrs.avg <cj<cot 3'IncStrs.avg
ODRG54 if co+ 3'In°Strs.avg <cj<cept 4'I“°Strs.avg
ODRG64 if co+ 4'In°Strs.avg <cj<co+ 5’I“°Strs.avg
ODRG—/4 if co+ 5'In°Strs.avg <¢cj<Sco+ 6'IncStrs.avg
ODRG84 if co+ 6'IncStrs.avg <¢jScpt 7'I“cStrs.avg
ODRG94 if co+ 7'In°Strs.avg <cj<cot 8'I“°Strs.avg
ODRG104 if co+ S'InCStrs.avg <cjsco+ 9'I“cStrs.avg
ODRG; 1, if cg+ 9'In°Strs.avg <cj<co+ IO’IHCStrs.avg
ODRG124 if cp+ IO'I"CStrs.avg <cj<cpt “'I“CStrs.avg
ODRG134 if co+ “'IncStrs.avg <cjsco+ lz'I“CStrs.avg

ODRG144 if Co + 12'In°Strs.avg < Cj <cp+ 13-IncStrS.an

IA

ODRG 5 if co+ 13-Incgyg avg < € o+ 14-InCgyq avg
4 . .

ODRG16 if co+ 14~IncStrS avg <¢j <cyt 15-IncStrs avg
4 . .

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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ODRG174 if co+ 15'I“°Strs.avg <cj<cot 16'In°Strs.avg

ODRG184 if co+ 16'I“°Strs.avg <cjScot 17'In°Strs.avg

IN

ODRG194 if cg+17-Incgyrg avg < Co + 18-InCgyrg avg
ODRG204 otherwise

Gy ODRG15 if cj < ¢

ODRGZ if o < ¢j < co+Incgyg avg

ODRG3 if co+ Incgyrs ayg < €j < Co+2:Incgyr ayg
ODRG4 if co+ 2-Incgyg avg < Cj S < o + 3 Incgyq. avg
ODRGS if co+ 3-Incgys avg <€ < < co +4-Incgypg. avg
ODRG6 if co+ 4Incgy avg <G S < ¢+ 5 Incgyg. avg
ODRG7 if cg+ 5-Incgy,s avg < Cj < ¢+ 6-Incgyrg. avg
ODRG8 if co+ 6 Incgyyg avg <G SC+7 Incgyrs. avg
ODRG9 if co+ 7-InCgyrg ayg < €j < €0+ 8INCG4g avg
ODRGlO if co+ 8Incgyq avg < cj < co+9-Incgye avg
ODRG; 1 if co+ 9-InCgypq. avg < cj < ¢o + 10-Incgyq avg
ODRG]2 if co+ 10-Incgye avg < ¢j < cp+ 11-Incgyq. avg
ODRGI?’5 if ¢+ 11-InCgrg ayg < €j < €0+ 12:InCgyrg avg
ODRG145 if co+ IZ’I“CStrs.avg <cj<sco+ 13'InCStrs.avg
ODRG155 if co+ 13'["°Strs.avg <cj<co+ 14'In°Strs.avg

ODRG ¢ if co+ 14-Incgy avg < €j < ¢+ 15-InCgyg avg
5 . .

ODRG175 if co+ 15'In°Strs.avg <cj<cpt '6'In°Strs.avg

ODRGio if ca+16-InCosun neon < Ci S Ca+ 17-INCosun mnem

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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ODRG195 if co+ 17'I“°Strs.avg <cj<cot IS'I“CStrs.avg
ODRG205 otherwise

o3¢ |ODRG; if ¢j < ¢

0DRG26 if ¢ < ¢j < co+Incgyg ayg

ODRGj; if ¢o+ I"CStrs.avg <¢cj<c +2'In°Strs.avg

6

ODRG,4

. if co+ 2’I“°Strs.avg <cj<co+ 3'I“°Strs.avg

ODRG56 if ¢o+ 3’I“cStrs.avg <cj<c +4'In°Strs.avg

ODRG6 iff co+4Incgyq avg <¢j <

co + 5-Incgyrg. avg

ODRG;

ODRGg
6

if ¢o+ 5-Incgye avg < ¢j < cot6Incgyrg avg

if co + 6 InCgyrs ayg < ¢ < Co+ 7InCgyrs avg

ODRG9 if co+ 7 Incgys avg < S <cy+ S'IncStrs.avg

ODRGlO if co+8-Incgyo avg < ¢j S ¢o+ 9 Incgyrg. avg

ODRG;, l if co+9-Incgys avg <¢j<

o + 10-Incgypq. avg

ODRGlz if co+ 10-Incgyo avg <

j < co+ 11-InCgyg. avg

ODRGI36 Cj <cy+ lZ'Il’lCStrS‘avg

if ¢+ “'I“CStrs.avg <

Developed by:
J. 8. Brihmadesam

ODRGy4

ODRG 5
6

ODRG 4
6

ODRGy7

ODRGyg

ODRGjq
6

if ¢o+ ]2'IncStrs.avg <
if co+ 13'IncStrs.avg <
if co+ 14'In°Strs.avg <

if g+ 15-Incgyg avg <

cj <

cj<cot 13'lncStrs.avg
cj<co+ '4'I“CStrs.avg

cj<cpt ‘S'I“CStrs.avg

co + 16- InCStrs avg

ift co +16-InCgyrg ayg < €j < Co+ 17:InCGy5 ayvg

if cot 17.IncStrs‘an < Cj < Cot+ 18'InCStrs.an

Verified by:
B. C. Gray
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I 0DRG206 otherwise

éo(— 00

&1(—004'01'

t ) )

(0.5-a; 05-a:)
éz(— 0'0+0'1' J\+02'[——J\ +03'(

.t ) t )

(0.75-a; 0.75-a; )
_am(,z.(ﬂ\
t )

§3(— 0'0+01'

J t )

X(p € 0.0

X1 025

Xy 05

X3¢ 0.75

X4 1.0

X stack(xo,xl ,xz,X3,X4)
ST « stack(§0,§1 ,52,§3’§4)

RG ¢« regress(X,ST,3)
000 & RG3 + P[l’lt

010¢ RGs
Gop € RG;

0'30 — RG5

4]
ARj ¢ —
S

4
ATj —=
t

Gauj «— faU(Rt,ARj,ATj)

(0.25-a7) . (o.zs-aj\z .
02'

)+0'

2
1.0-a; 1.0-a;
Eq¢ 00+01-( , J\+02-(—J\ +03-(

Engineering Report
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Gal, « far (Rp- AR}, AT))
G, aq; < fa faQ(Rt» AR}, AT;)
Gacj — faC(Rt,ARj,ATj)
G, cu, < o fou(Rys AR}, AT;)
Gclj — ch(Rt,ARj,ATj)
Geq, ¢~ fe

G, ce; < Te foc(Re, AR}, ATj)

Q(Re-AR;,AT))

\165
Qj« 1+1464(J if ¢j 2 aj

\l .65
1+ 1.464 ( j otherwise

(e (20"

\05
Kc ( (000 u, o100 Gcl +620°Ge qj+030'Gccj)

Ky < Ka_-1.099
j ]
Ky K¢ 1099
i ]
Kaj<— 9.0 if Kocj < 9.0

K otherwise

.
J

<
K,Y]<—— 9.0 if K,Y <90

K., otherwise

Y
116
D, « CO-(Ka_ - 9.0)
J J
D, «

ag;

Cblk if K(X. < 80.0

D, -CF;
J inhr’ i

500 Gau ,+O IO'Galj + °20'Gaqj + c‘30‘Gacj)

Engineering Report
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Verified by:
B. C. Gray



Entergy Operations Inc

Central Engineering Programs

Developed by:
J. 8. Brihmadesam

Appendix B; Attachment 2
Page 23 of 30

'Cblk otherwise

— 10 .
|4'10 'Cthr

D. « C -(K
cj 0 Yj
chj<— ch-CF

116
- 9.0)

< 80.0

inhr

4-10~ 10.CF.

inhr Cb]k otherwise

output(j, o) ¢ J
output(j, 1) ¢ aj
output(j 2) ¢— €j—Cp
output(j 3) < D,
(j»3) ag;
output(j 4) <= Do
(j,4 cg;
output(j, s) ¢~ Ky
J
output(j, ¢) ¢ K,
J

NCB i

output(; 7y ¢é— ——
PUIL ™) = 36524

output(j, g) ¢ Gauj
output(j g) ¢ Galj
output(j, 1) ¢ Gaqj
output(j, 11) ¢ Gacj
output(j, 12) ¢ chj
output(j 13) ¢ Gclj
output(j, 14) < chj
output(j, is) < Gccj
jej+i

aj ¢ aj—1 + Dagj—1

Cie—cia+D_.

Engineering Report
M-EP-2003-004-01
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S — ucgj—l
aje |t ifaj =2t
aj otherwise
NCBj «— NCBj_l + Cblk
output
k:=0.. Illm
Developed by: 7 Verified by:

J. 8. Bnhmadesam B. C. Gray



1 Appendix B; Attachment 2 Engineering Report
Entergy Operations Inc PP Page 25 of 30 i s

Central Engineering Programs

PmpLength = 0.242

Flaw Growth in Depth Direction
l T T T T T T

e
T
1

Flaw Growth -Depth- {inch}
e
N
|

1 I { { | | [
0 0.5 1 1.5 2 25 3 3.5 4

Operating Time {years}

— Entergy-CEP Model

Flaw Growth -Length- {inch}

0 0.5 1 1.5 2 2.5 3 35 4
Operating Time {years}
— Entergy-CEP Model

Developed by: Verified by:
J. 8. Bihmadesam B. C. Gray
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Stress Intensity Factors

= 80 T T T | T T T
£
£
3
= 60 -
o~
g
23 P
S e
‘Z s -
S 20 | _
= —
g
& 1 1 1 1 1 I !
wn 0
0 0.5 1 1.5 2 25 3 35 4
Operating Time {years}
— Depth Point Entergy-CEP Model
~=-_ Surface Point Entergy-CEP model
Developed by: Verified by:
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Influence Coefficients - Flaw

Influence Coefficient {dimensionless}

T e T .. SN SNSRI S S——
0‘4 .............................................................
0.2
0
: = 1 T ) 25 3 35 4
Operating time {years}
— "a" - Tip -- Uniform
............... "a" - Tip -- Linear
........ "a" - Tip -- Quadratic
e Hal _ Tip -- Cubic
— "¢" - Tip -- Uniform
"¢' - Tip -- Linear
........ "¢" - Tip -- Quadratic
T— "¢" - Tip -- Cubic

19

Developed by: Verified by:
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CGRsambi(k’ 2) = CGRsambi(k’ 6 = CGRsambi(k’ 5 =
1.158 16.383 14
1.158 17.9 15.225
1.158 17.905 15.229
1.158 17.91 15.233
1.158 17.915 15.237
1.158 17.919 15.241
1.158 17.924 15.245
1.157 17.929 15.249
1.157 17.934 15.253
1.157 17.939 15.257
1.157 17.943 15.261
1.157 17.948 15.265
1.157 17.953 15.269
1.156 17.958 15.273
1.156 17.962 15.277
1.156 17.967 15.281
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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£037
&
s
B
2
5024
£
a
8
kd
1
4]
00 1
T T T T T
0 1 2 3 4
Operating Time {years}
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Surface k
Depth Point {"a" tip} |

C 20

Developed by: Verified by:
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