Westinghouse Non-Proprietary Class 3 C-41

CAPSULE 83° IS PLATE M-605-1 (TRANSVERSE)

CVGraph 6.0; Hyperbolic Tangent Curve Printed on 1/1/2014 1:18 PM
A=38.18 B=37.18 C=84.59 T0=82.80 D= 0.00

Correlation Coefficient = 0.937
Equation is A + B * [Tanh((T-TO)(C+DD)]
Upper Shelf LE =7537 Lower Shelf LE = 1.00 (Fixed)
Temp@33 mils=75.60° F

Plant St. Lucie 2 Matenial- SAS33B1 Heat- A-8490-2
Orientation: TL Capsule: 83° Fluence:
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Westinghouse Non-Proprietary Class 3 C-42
Plant St. Lucie 2 Matenial- SAS33B1 Heat A-8490-2
Onentation: TL Capsule: 83° Fluence:
CAPSULE 83° IS PLATE M-605-1 (TRANSVERSE)
Charpy V-Notch Data
Temperature (° F) Input L. E. Computed L. E. Differential

1 120 104 161
47 230 233 032
60 300 284 160
78 ! 390 361 292
13 410 509 292
140 300 60.1 -10.09
157 870 644 2260
217 630 724 738
252 710 740 297
300 780 749 307
330 30 a2 023
401 700 753 533
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Westinghouse Non-Proprietary Class 3 C-43

CAPSULE 83° IS PLATE M-605-1 (TR_ANSVERSE)
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/1/2014 1.24 PM
A=50.00 B=50.00 C=115.59 T0 =169.55 D =0.00
Correlation Coefficient =0.937
Equation is A+ B * [Tanh((T-TO¥(C+DD)]
Upper Shelf %Shear = 100.00 (Fixed) Lower Shelf %Shear = 0.00 (Fixed)
Temperahure at 50% Shear = 169.60

Plant: St. Lucie 2 Material: SAS33BI Heat- A-8490-2
Onentation- TL Capsule; 83° Fluence:
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Westinghouse Non-Proprietary Class 3 C-44

Plant- St. Lucie 2 Material: SAS33B1 Heat A-8490-2
Orientation: TL Capsule: 83° Fluence:
CAPSULE 83° IS PLATE M-605-1 (TRANSVERSE)
Charpy V-Notch Data
Temperature (° F) Tuput %6Shear Computed %Shear Differential
1 00 51 S14
47 50 107 S
60 100 131 3.06
78 ' 300 170 1298
113 300 273 268
140 300 375 749
157 60.0 446 1541
217 350 69.4 3444
252 100.0 806 1936
300 100.0 905 947
350 100.0 958 42
401 100.0 2 179
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Westinghouse Non-Proprietary Class 3 C-45

CAPSULE 83° SURVEILLANCE PROGRAM WELD METAL
CVGraph 6.0: Hyperbolic Tengent Curve Printed on 12/1/2014 1:27 M
A=5110B= 4890 C =65.83 T0 =433 D=0.00
Correlation Coefficient = 0.959
Equation is A + B * [Tanh((T-TOM(C+DT))]
Upper Shelf Enerzy = 100.00 (Fixed) Lower Shelf Energy =2 20 (Fixed)
Temp@30 fi-bs=34 70°F Temp@35 - hs=2680°F Temp@50 ft bs=-580°F
Plant: St. Lucie 2 Material: SAW Heat 83637
Orientation NA Capsule: 83° Fluence:
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Westinghouse Non-Proprietary Class 3 C-46

Plant: St. Lucie 2 Material: SAW Heat: 83637
Orientation: NA Capsule: 83° Fluence:
CAPSULE 83° SURVEILLANCE PROGRAM WELD METAL
Charpy V-Notch Data
Temperature (° F) Input CVN Computed CVN Differential
40 00 269 493
25 390 362 277
-13 310 a7 1370
5 620 50.6 1130
0 61.0 543 6.68
4 800 834 344
78 870 26 559
117 1000 976 239
156 %.0 993 326
07 970 999 288
300 1210 1000 2101
401 990 100.0 -1.00
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Westinghouse Non-Proprietary Class 3 C-47

CAPSULE 83° SURVEILLANCE PROGRAM WEID METAL

CVGraph 6 0: Hyperbolic Tangent Curve Printed on 1/1/2014 1:34 PM
 A=4143B=40.13 C=76.80 T0=-3.71 D=0.00 |
Correlatian Coefficient=0973

Equation is A +B * [Tanh((T-TOW(C+DT))]

Upper Shelf L E. =81.86 Lower Shelf LE. = 1.00 (Fixed) |
Tempi@35 mils~16.00° F

Plant: St. Lucie 2 Material: SAW Heat: 83637
Orientation: NA Capsule: 83° TFhience:
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Westinghouse Non-Proprietary Class 3 C-48

Plant: St. Lucie 2 Material: SAW Heat 83637
Orientation: NA Capsule: 83° Fluence:
CAPSULE 83° SURVEILLANCE PROGRAM WELD METAL
Charpy V-Notch Data
Temperature (° F) InputL.E. Computed L. E. Differential
40 170 236 663
-3 330 305 250
13 280 366 856
-5 480 408 725
0 510 34 762,
48 620 652 317
8 70 733 226
117 770 785 152
156 780 806 -2.62
27 770 816 460
300 80 818 617
401 26.0 819 114
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Westinghouse Non-Proprietary Class 3 C-49

CAPSULE 83° SURVEILLANCE PROGRAM WELD METAL
CVGraph 6.0; Hyperbolic Tangent Curve Printed on 12/1/2014 1:37 PM
A=350.00 B=50.00 C=53.68 T0=10,76D =0.00
Correlation Coefficient=0974
Equation is A +B * [Tanb((T-TOV(C+DT))]
Upper Shelf %Shear= 100.00 (Fixed) Lower Shelf %eShear = 0.00 (Fixed)
Temperature at 50% Shear=10.80
Plant St. Lucie2 Material: SAW Heat- 83637
Orientation- NA Capsule: 83° Fluence:
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Westinghouse Non-Proprietary Class 3

C-50

Plant- St. Lucie 2 Material: SAW Heat 83637
Orientation: NA Capsule: 83° Fluence:
CAPSULE 83° SURVEILLANCE PROGRAM WELD METAL
Charpy V-Notch Data
Temperature (* F) Input %Shear Computed %6Shear Differential
-40 100 131 31
25 400 209 19.12
13 100 292 1921
5 400 357 427
0 400 401 011
48 20.0 £0.0 0,02
gL 950 924 255
117 100.0 981 187
156 100.0 996 044
17 100.0 100.0 0.05
300 100.0 1000 0.00
401 100.0 100.0 0.00
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Westinghouse Non-Proprietary Class 3 C-51

CAPSULE 83° HEAT AFFECTED ZONE
CVGraph 6.0 Hyperbolic Tangent Curve Printed on 1/1/2014 1:39 PM
A=60.60 B=5840 C=180.77 T0=53.59 D =0.00
Correlation Coefficient = 0.662
Equation1s A+ B * [Tank((T-TO/(C+DT))]
Upper Shelf Energy = 119.00 (Fixed) Lower Shelf Energy =2 20 (Fixed)
Temp@30 ft-Ibs=51.50° F Temp@35 filos=31.40° F Temp@50 ft-Ibs=20.50° F
Plant: St. Lucie 2 Material- SAS33B1 Heat- A-8490-2
Onentation” NA Capsule: 83° Fluence:
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Westinghouse Non-Proprietary Class 3 C-52
Plant St. Lucie 2 Matenial: SAS33B1 Heat A-8490-2
Orientation- NA Capsule: 83° Fluence:
CAPSULE 83° HEAT AFFECTED ZONE
Charpy V-Notch Data
Temperature (°F) Input CVYN Computed C\N Differential
-40 260 328 580
-2 170 403 -2329
1 450 441 093
48 36.0 588 279
60 1130 627 5033
78 108.0 634 3956
118 250 80.6 -53.57
157 470 208 4378
A7 1370 1025 3446
250 100.0 1071 <706
300 1450 1118 33.18
401 920 1166 -24355
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Westinghouse Non-Proprietary Class 3 C-53

CAPSULE 83° HEAT AFFECTED ZONE
CVGraph 6 0: Hyperbolic Tangent Curve Printed on 12/1/2014 145 PM
A=3643B=3545C=13283T0=16.72D =0.00
Correlation Coefficient =0.735
Equation is A+ B * [Tanh((T-TO)(C+DT))]
Upper Shelf LE =7191 Lower Shelf LE. = 1 00 (Fixed)
Temp@35 mis=1130°F

Plant: St. Lucie 2 Matenial- SAS33B1 Heat A-8490-2
Onentation: NA Capsule: 83° Fhuence:
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Westinghouse Non-Proprietary Class 3 C-54

Plant: St. Lucie 2 Material: SAS33B1 Heat A-8490-2
Orientation” NA Capsule: 83° Fluence:
CAPSULE 83° HEAT AFFECTED ZONE
Charpy V-Notch Data
Temperature (° F) InputL.E. Computed L. E. ‘ Differential

40 240 22 183
12 120 289 1690
1 340 323 172
18 20 447 265
60 720 476 2439
78 720 517 2026
18 260 592 3323
157 460 643 1825
07 850 686 1641
50 7o 699 215
300 780 700 708
401 67.0 n7 469
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Westinghouse Non-Proprietary Class 3 C-55

CAPSULE 83° HEAT AFFECTED ZONE

CVGraph 6.0: Hyperbolic Tangent Curve Printed on 1/1/2014 1:51 PM
A=50.00 B=50,00 C=148.77 T0=61.46 D = 0.00
Correlation Cosfficient = 0,828
Equation is A+ B * [Tan((T-TOY(C+DT))]

Upper Shelf %Shear = 100.00 (Fixed) Lower Shelf %Shear = 0.00 (Fixed)
Temperature at 50% Shear = 61.50

Plant S¢. Lucie 2 Material: SAS33B1 Heat A-8490.2
Orientation: NA Capsule: 83° Fluence:
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Westinghouse Non-Proprietary Class 3 C-56
Plant- St. Lucie 2 Material: SAS33B1 Heat A-8490-2
Onentation: NA Capsule: 83° Fluence:
CAPSULE 83° HEAT AFFECTED ZONE
Charpy V-Notch Data
Temperature (° F) Input %eShear Computed %Shear Differential

=10 30 204 -1336
-12 10.0 371 -17.14
1 400 307 321
48 400 455 -349
60 90.0 495 4049
78 730 555 19.46
118 300 68.1 -38.14
157 60.0 783 -1832
217 100.0 89.0 11.00
250 100.0 927 735
300 100.0 96.1 389
401 100.0 990 103
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Westinghouse Non-Proprietary Class 3 C-57

CAPSULE 263° IS PLATE M-605-1 (TRANSVERSE)
CVGraph 6 0 Hyperbolic Tangent Curve Printed on 12/1/2014 2:36 PM
A=40.60 B=38.40 C=91.96 T0 = 159.08 D= 0.00
Correlation Coefficient = 0,955
Equationis A +B * [Tanh((T-T0}(C+DT))]
Upper Shelf Energy = 79.00 (Fixed) Lower Shelf Energy =2 20 (Fixed)
Tenp@30 f-1bs=133.10° F Temp@3$ ft-Ibs=145.60° F Tenp@50 f-1bs=18210° F
Plant- St. Lucie 2 Material: SAS33B1 Hest A-8490-2
Orientation: TL Capsule: 263° Fluence:
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Westinghouse Non-Proprietary Class 3 C-58

Plant: St. Lucie 2 Matenial: SAS33B1 Heat: A-8490-2
Orientation: TL Capsule: 263° Fluence:
CAPSULE 263° IS PLATE M-605-1 (TRANSVERSE)
Charpy V-Notch Data
Temperature (° F) Input CVN Computed CVN Differential
0 30 45 154
40 1.0 76 344
7 160 122 375
100 190 188 0.16
125 36.0 270 901
130 410 368 418
160 230 410 -1798
195 470 549 788
25 0.0 642 1578
250 66.0 69.7 366
300 26.0 75.6 1042
375 840 783 5.69
CVGraph 6.0 12/0172014 Page 2?2
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Westinghouse Non-Proprietary Class 3 C-59

CAPSULE 263° IS PLATE M-605-1 (TRANSVERSE)

CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/1/2014 2:41 PM
A=4337B=4137C=11512 T0=177.75D=0.00
Correlation Coefficient = 0.969
Equation is A + B * [Tanh((T-T0){(C+DT))]

Upper Shelf LE. =85.74 Lower Shelf L E. = 1,00 (Fixed)
Tenp@35 mils=154 80° F

Plant: St. Lucie 2 Material: SAS33B1 Heat: A-8490-2
Orientation” TL Capsule: 263° Fluence:
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Westinghouse Non-Proprietary Class 3

C-60

Plant St. Lucie 2

Matenial: SAS33B1

Capsule: 263°
CAPSULE 263° IS PLATE M-605-1 (TRANSVERSE)

Charpy V-Notch Data

Heat A-8490-2

Fluence:

Temperature (° F) Input L. E. Computed L. E. Differential
(] 60 47 130

40 90 81 091

12 140 12,6 136
100 140 184 444
125 340 252 879
150 400 334 6.65

160 20 369 -14.89
195 490 497 067
225 65.0 598 il1s
250 620 669 495
300 85.0 767 831
375 780 831 507
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Westinghouse Non-Proprietary Class 3 C-61

CAPSULE 263° IS PLATE M-605-1 (TRANSVERSE)

CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/1/2014 2:43 PM
A=50.00 B=50.00 C = 69.76 T0=175.16 D = 0.00
Correlation Coefficient = 0,962
Equation1s A+B * [Tanh{(T-TOW(C+DT))}

Upper Shelf %Shear = 100.00 (Fixed) Lower Shelf %Shear = 0.00 (Fixed)
Temperature at 30% Shear= 17520

Plant: St. Lucie 2 Matenal: SAS33B1 Heat- A-8490-2
Orientation: TL Capsule: 263° Fluence:
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Westinghouse Non-Proprietary Class 3 C-62

Plant* St. Lucie 2 Material- SAS33B1 Heat A-§490-2
Orientation TL Capsule: 263° Fluence:
CAPSULE 263° IS PLATE M-605-1 (TRANSVERSE
Charpy V-Notch Data
Temperature (° F) Tnput %Shear Computed %6Shear ’ Differential
0 50 0.7 435
40 100 20 797
n 150 49 10.06
100 200 104 961
125 300 192 10.82
150 350 327 229
160 200 393 -1930
195 500 639 1385
25 100.0 80.7 1932
250 1000 89.5 1047
300 1000 973 2
375 100.0 997 032
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Westinghouse Non-Proprietary Class 3 C-63

CAPSULE 263° SURVEILLANCE PROGRAM WELD METAL

CVGraph 6.0: Hyperbolic Tangent Curve Printed on 13/1/2014 2:45 PM
A=53,60 B=5140 C=101.75 T0=26.49 D = 0.00
Correlation Coefficient = 0.966
Equation is A + B * [Tank((T-TO{C+DD))]

Upper Shelf Energy = 105.00 (Fixed) Lower Shelf Energy =2 20 (Fixed)
Temp30 ft Tbs=24.00° F Temp@35 fi-Tbs=12.00°F Tenp@30 ft-Tbs= 19.40° F

Plant St. Lucie 2 Matenial: SAW Heat 83637
Orientation: NA . Capsule: 263° Fluence:
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Westinghouse Non-Proprietary Class 3 C-64

Plant: St. Lucie 2 Material: SAW Heat: 83637
Orientation: NA Capsule: 263 Fluence:
CAPSULE 263° SURVEILLANCE PROGRAM WELD METAL
Charpy V-Notch Data
Temperature (° F) Input CV¥YN Computed CVN Differential
20 110 135 248
40 210 11 310
20 360 316 438
0 480 405 749
50 600 653 A3
n 68.0 752 717
120 , 910 900 011
150 1040 967 734
195 107.0 1014 3.61
0 1110 1037 126
275 89.0 1042 1523
300 1300 1045 2547
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Westinghouse Non-Proprietary Class 3 C-65

CAPSULE 263° SURVEILLANCE PROGRAM WELD METAL
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/1/2014 2:48 PM
A=5758 B=56.58 C=116.98 T0=48.32 D =0.00
Correlation Coefficient =0 967
Equation is A + B * [Tanh((T-T0)}(C+DD))]
Upper Shelf LE =114.16 Lower Shelf LE = 1.00 (Fixed) |
Temp@35 mils=-1.10°F |
Plant: St. Lucie 2 Material: SAW Heat 83637 ;
Onentafion: NA Capsule: 263° Flnence: |
i
140 :
Lok L
120 f—
= 100 |— 5 :, :
S W :
S T g = = 5
= i | : i
‘E 8“ : H
w» . i
= |
a - e | -4 - - Ty =
= ;
N i
ﬁ %
o :
ol :
W :
b X
= :
-
| | i l | i
100 200 300 400 500 600
Temperature (° F)
CVGraph 6.0 12/01/2014 Page 112
WCAP-17939-NP May 2015

Revision 0




Westinghouse Non-Proprietary Class 3

C-66

Plant- St. Lucie 2 Matenial: SAW Heat: 83637
Onientation: NA Capsule: 263° Fluence:
CAPSULE 263° SURVEILLANCE PROGRAM WELD METAL
Charpy V-Notch Data
Temperature (° F) Input L. E. Computed L. E. Differential
-80 90 123 2335
-40 240 215 253
=20 190 278 1.16
0 400 355 455
50 520 584 639
n 66.0 689 2288
120 910 885 233
150 103.0 972 376
193 107.0 105.6 137
250 1110 1107 033
275 870 1119 -2486
300 1320 1126 1935
CVGraph 6.0 12/012014 Page 172
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Westinghouse Non-Proprietary Class 3 C-67

CAPSULE 263° SURVEILLANCE PROGRAM WELD METAL
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 1/1/2014 2:51 PM
A=50MB=SOMC=9”..15'I\!=16.30D=0‘.00
Correlation Coefficient = 0.997
Equation is A + B * [Tanh({(T-T0}(C+DT))]
Upper Shelf %Shear= 100.00 (Fixed) Lower Shelf %Shear=0.00 (Fixed)
Temperature at 50% Shear= 16 40

Plant St. Lucie 2 Material- SAW ' Heat 83637
Onentation NA Capsule: 263° Fluence:

110 ;

100 : : ; o :

"l i

“ i §
. 70
s | i
-~
m i
- 5 5
o 50 |
ot . i
= ;
& 40— :

-~ .

20 f

10 :

-300 -200 -100 0 100 200 300 400 500 600
Temperature (° F)
CVGraph 6.0 12/0172014 Page 12
WCAP-17939-NP May 2015

Revision 0




Westinghouse Non-Proprietary Class 3 C-68

Plant: St. Lucie 2 Material: SAW Heat: §3637
Onentation: NA Capsule: 263° Fluence:
CAPSULE 263° SURVEILLANCE PROGRAM WELD METAL
Charpy V-Notch Data
Temperature (°F) Tuput %Shear Computed %Shear Differential
80 150 110 399
40 50 n38 224
20 300 313 126
D 00 412 5
50 65.0 675 251
n 75.0 770 201
120 950 905 453
150 1000 043 57
195 100.0 980 203
250 100.0 994 062
275 100.0 %6 036
300 1000 998 021
|
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Westinghouse Non-Proprietary Class 3 C-69

CAPSULE 263° HEAT AFFECTED ZONE

CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/1/2014 2.53 PM
A=66.10 B=63.90 C =163.76 T0= 15118 D=0.00

100

Correlation Coefficient =0.862
Equation is A + B * [Tanh((T-TO/(C+DT))]
Upper Shelf Energy = 130.00 (Fixed) Lower Shelf Energy =2 20 (Fixed)
Temp@30 fi-Ibs=4640° F Temp@35 f-lbs=6420°F Temp@>0 f-1bs=109.10° F
Plant: St. Lucie 2 Material- SAS33B1 Heat A-8490-2
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Westinghouse Non-Proprietary Class 3

C-70

Plant St. Lucie 2 Matenal: SAS33B1 Heat A-8490-2
Orientation’ NA Capsule: 263° Fluence:
CAPSULE 263° HEAT AFFECTED ZONE
Charpy V-Notch Data
Temperature (° F) Input CVN Computed CVN Differential
40 320 133 1852
10 150 215 654
60 13.0 338 2079
72 430 374 759
100 310 468 424
120 540 541 008
150 830 656 1736
180 70.0 772 723
250 119.0 100.6 1843
250 490 100.6 -3157
300 1440 1121 3186
375 1260 1222 3.80
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Westinghouse Non-Proprietary Class 3

C-71

CAPSULE 263° HEAT AFFECTED ZONE

CVGraph 60 Hyperbolic Tmgent Curve Printed on 12/172014 2:56 PM
A=4205B=4105 C=172.87 T0=106.52 D = 0.00
Correlation Coefficient =0.900
‘Equation is A + B * [Tanh((T-TO)}(C+DT))]

Upper Shelf LE. =83.10 Lower Shelf LE =1.00 (Fixed)
Tempi@35 mls= 76.60°F
Plant- St. Lacie 2 Material: SAS33B1 Heat A-8490-2
Orientation: NA Capsule: 263° Fhuence:
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Westinghouse Non-Proprietary Class 3 C-72

Piant: St. Lucie 2 Material: SAS33B1 Heat A-8490.2
Onentation: NA Capsule: 263° Fluence:
CAPSULE 263° HEAT AFFECTED ZONE
Charpy V-Notch Data
Temperature (° F) InputL.E. Computed L. E. Differential
40 260 137 1227
10 150 212 £25
60 130 313 1826
n 020 340 804
100 ' 430 405 250
120 470 453 L75
150 0.0 522 783
180 56.0 585 25
250 540 700 1599
250 780 70.0 801 |
300 8.4 752 781 |
375 770 796 2258
|
|
|
|
|
|
|
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Westinghouse Non-Proprietary Class 3 C-73

CAPSULE 263° HEAT AFFECTED ZONE

CVGraph 6 0: Hyperbolic Tangent Curve Printed on 12/1/2014 2:58 PM
A=50.00 B=50.00 C=139.62 T0 =101.67 D = 0.00
Correlation Coefficient =0.950
Equation is A+ B * [Tank(T-TO}(C+DT))]

Upper Shelf %Shear = 100.00 (Fixed) Lower Shelf %Shear= 0.00 (Fixed)
Temperature at 50% Shear=101.70

Plant- St. Lucie 2 Material: SAS33B1 Heat- A-8490-2
Onentation: NA Capsule: 263° Fluence:
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Westinghouse Non-Proprietary Class 3 C-74

Piant- St. Lucie 2 Material: SAS33B1 Heat: A-$490-2
Orientation: NA Capsule: 263° Fluence:
CAPSULE 263° HEAT AFFECTED ZONE
Charpy V-Notch Data
Temperature (° F) Input “Shear Computed %Shear Differential
40 200 116 839
10 250 212 3.80
60 200 355 15.50
2 450 393 547
100 50.0 494 0.60
120 50.0 56.5 £53
150 750 66.6 835
180 800 734 456
250 1000 89.3 1067
250 700 893 -1933
300 1000 945 551
375 1000 980 195
CVGraph 6.0 121012014 Page 22
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Westinghouse Non-Proprietary Class 3 C-75

CAPSULE 263° STANDARD REFERENCE MATERIAL

CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/1/2014 3:01 PM
=4410B=41.90C=89.08 T0=18820 D =0.00
Correlation Coefficient = 0.974
Equation is A +B * [Tanh((T-TO/(C+D)]

Upper Shelf Energy = 86.00 (Fixed) Lower Shelf Energy =2 20 (Fixed)

Teuyyai30 fi-lbs=157.10° F Terp@35 f-1bs=168.60° F Temp@30 £-1bs=200.90° F
Plant: St. Lucie 2 Material- SA533B1 Heat: HSST-0IMY
Orientation: LT Capsule: 263° Fluence:
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Westinghouse Non-Proprietary Class 3

C-76

Plant: St. Lucie 2 Material: SAS33B1 Heat: HSST-01MY
Onentation: LT Capsule: 263° Fluence:
CAPSULE 263° STANDARD REFERENCE MATERIAL
Charpy V-Notch Data
Temperature (° F) Input CVN Computed CVN Differential
40 30 27 030
50 70 58 120
100 120 124 D36
125 230 185 447
150 400 272 1284
160 270 313 426
195 330 473 1429
195 450 473 2%
250 750 693 575
300 800 197 930
37 930 848 825
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Westinghouse Non-Proprietary Class 3 C-77

CAPSULE 263° STANDARD REFERENCE MATERIAL

CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/1/2014 3:03 PM
A=4419B=4319 C=110.55 T0=207.15D = 0.00
Carrelation Coefficient = 0.980
Equation1s A + B * [Tanh((T-TO)(C+DT))]

Upper Shelf LE. =87.37 Lower Shelf 1. E. =1.00 (Fixed)
Temp@35 mils=183 30° F

Plant St. Lucie 2 Matenal: SAS33B1 Heat: HSST-0IMY
Onentation: LT Capsule: 263° Fluence:
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Westinghouse Non-Proprietary Class 3

C-78

Plant. St. Lucie 2
Orientation: LT

Material: SAS33B1
Capsule: 263°

Heat: HSST-0IMY
Fluence:

CAPSULE 263° STANDARD REFERENCE MATERIAL

Charpy V-Notch Data
Temperature (° F} Input L. E. Computed L. E. Differential

40 10 20 098

50 70 5.8 125
100 110 119 037
125 180 169 1.06
150 330 237 934
160 280 268 119
105 340 395 546
195 290 305 1046
250 67.0 60.1 6.86
300 770 738 20
375 80.0 834 342
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Westinghouse Non-Proprietary Class 3 C-79

CAPSULE 263° STANDARD REFERENCE MATERIAL

CVGraph 6 0: Hyperbalic Tangent Curve Printed on 12/1/2014 3:05 PM.
A=50.00 B=50.00 C=76.5% T0=190.04 D = 0.00
Correlation Coefficient=0973
Equation is A +B * [Tanb((T-TOy(C+DT))]

Upper Shelf %Shear = 100.00 (Fixed) Lower Shelf %Shear = 0.00 (Fixed)
Temperature at 50% Shear=190.10

Plant St. Lucie 2 Material: SAS33B1 Heat: HSST-0IMY
Onentation: LT Capsule: 263° Fluence:
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Westinghouse Non-Proprietary Class 3

C-80

Plant St. Lucie 2
Onentation LT

Material- SAS33B1
Capsule: 263°

Charpy V-Notch Data

Fluence:

CAPSULE 263° STANDARD REFERENCE MATERIAL

Heat: HSST-0IMY

Temperature (* E) Input %Shear Computed %35hear Differential
40 00 02 025
50 50 25 248
100 150 87 630
125 200 155 453
150 350 260 899
160 300 313 134
193 500 532 323
195 350 532 1823
250 1000 827 1728
300 1000 ; 946 536
375 100.0 932 079
CVGraph 60 12012014 Page 22
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Westinghouse Non-Proprietary Class 3 C-81

:
|
|
\
l |
CAPSULE 97° IS PLATE M-605-1 (LONGITUDINAL)
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/8/2014 9:09 AM
| A=3510 B=52.90 C=116.96 T0 = 184.60 D = 0.00
‘ Correlation Coefficient =0 898
Equation is A+ B * [Tanh((T-TO¥(C+DT))]
\
| Upper Shelf Energy = 108.00 (Fised) Lower Shelf Energy =220 (Fixed)
| Tempa30 f-1bs=124 30° F Temp@3s f-lbs=13790°F Temp@50 f1bs=17330° F
; Plant: St. Lucie 2 Material: SA533B1 Heat: A-8490-2
i Onientation: LT Capsule: 97° Fluence:
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Westinghouse Non-Proprietary Class 3 C-82

Plant S¢. Lucie 2 Material: SAS33B1 Heat A-8490-2
Onentation LT Capsule: 97° Fluence:
CAPSULE 97° IS PLATE M-605-1 (LONGITUDINAL)
Charpy V-Notch Data
Temperature (* F) Input CVN Computed CVN Differential
70 190 153 373
95 350 210 1400
110 280 253 )
120 430 285 1447
140 240 359 1185
150 280 199 1189
170 67.0 485 1847
200 410 620 2n0m
200 00 620 22002
260 1110 851 2585
300 100.0 951 491
375 1130 1041 893
‘CVGraph 6.0 12/08/2014 Page 22
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Westinghouse Non-Proprietary Class 3 C-83

CAPSULE 97° IS PLATE M-605-1 (LONGITUDINAL)

CVGraph 6.0: Hyperbohic Tangent Curve Printed on 1/8/2014 2:15 AM
A=3340B=3240C=16240T0=20735D=0.00
Correlation Coefficient =0.901

Equation is A + B * [Tanb({(T-TOy(C+DT))]
Upper Shelf LE. = 105.80 Lower Shelf LE =1.00 (Fixed)
Termp@35 mils~14780° F
Plant St. Lucie 2 Matenal: SAS33IB1 Heat A-8400.2
Orientation: LT Capsule: 97° Fluence:
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Westinghouse Non-Proprietary Class 3 C-84

Plant: St. Lucie 2 Material: SAS33B1 Heat- A-8490-2
Orientation: LT Capsule: 97° Fluence:
CAPSULE 97° IS PLATE M-605-1 (LONGITUDINAL)
Charpy V-Notch Data
Temperature (° F) Input L. E. Computed L. E. Differential
70 150 173 230
95 300 20 8.00
110 10 253 172
120 360 2777 835
140 ~ 250 08 7.83
150 290 356 563
170 59.0 416 17.44
200 320 51.0 -19.03
200 380 510 1303
260 8.0 69.8 19.18
300 20 804 158
375 890 940 -5.00
CVGraph 6.0 12/082014 Page 22
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Westinghouse Non-Proprietary Class 3 C-85

CAPSULE 97° IS PLATE M-605-1 (LONGITUDINAL)

CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/8/72014 9-48 AM
A=50.00 B=50.00 C=110.16 T0 = 180.44 D=10.00
Correlation Coefficient = 0.934
Equation is A +B * [Tanb((T-T0)(C+DT))]

Upper Shelf %Shear = 100.00 (Fixed) Lower Shelf %Shear = 0.00 (Fixed)
Temperature at 50% Shear = 180,50

Plant: St. Lucie 2 Matenal: SAS33B1 Heat A-8490-2
Onientation” LT Capsule: 97° Fluence:
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Westinghouse Non-Proprietary Class 3 C-86
Plant- St. Lucie 2 Material: SAS33B1 Heat: A-8490-2
Orientation: LT Capsule: 97° Fluence:
CAPSULE 97° IS PLATE M-605-1 (LONGITUDINAL)
Charpy V-Notch Data
Temperature (° F) Input %6Shear Computed %Shear Differential
70 200 11.9 813
95 250 115 751
110 250 218 323
120 300 250 498
140 50 324 743
150 300 36.5 633
170 600 453 1472
200 450 588 -13.79
200 400 588 -1879
260 100.0 209 19.09
1000 898 1024
375 100.0 972 284
|
|
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Westinghouse Non-Proprietary Class 3 C-87

CAPSULE 97° IS PLATE M-605-1 (TRANSVERSE)
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/8/2014 9:22 AM
A=4010 B=37.90 C=114.35 T0=189.17 D = 0.00
Correlation Coefficient = 0.910
Equation 1s A + B * [Tanh((T-TOM(C+DT))]
Upper Shelf Energy = 78.00 (Fixed) Lower Shelf Energy = 2 20 (Fixed)
Temp@?30 f-Jbs=158 00° F Temp@35 filbs=173 70°F Temp 50 AIbs=219.80° F
Plant St. Lucie 2 Material: SAS33B1 Heat: A.8490.2
Crientation: TL Capsule: 97° Fluence:
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Westinghouse Non-Proprietary Class 3

C-88

Plant: St. Lucie 2 Material: SAS33B1 Heat A-8490.2
Onentation TL Capsule: 97° Fluence:
CAPSULE 97° IS PLATE M-605-1 (TRANSVERSE)
Charpy V-Notch Data
Temperature (* F) Input CVN Computed CVN Differential
70 180 106 T4l
9 16.0 144 156
120 270 196 738
140 no 247 274
150 370 276 240
170 360 338 219
200 250 437 -1868
200 290 437 -14.68
230 340 331 091
270 80.0 632 1683
300 780 685 954
375 770 752 ‘133
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Westinghouse Non-Proprietary Class 3 C-89

CAPSULE 97° IS PLATE M-605-1 (TRANSVERSE)

CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/8/2014 9:43 AM
A=4030 B =39.30 C =146.52 T0=215.90 D = 0.00

Correlation Coefficient = 0.916
Equationis A +B * [Tanh((T-TOY(C+DT))]
Upper Shelf LE. =79.59 Lower Shelf LE =100 (Fixed)
Tenpa35 mils=196 00° F
Plant St. Lucie 2 Matenal: SAS33B1 Heat: A-8490-2
Onentation: TL Capsule: 97° Fluence:
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Westinghouse Non-Proprietary Class 3 C-90
Plant St. Lucie 2 Material: SAS33B1 Heat- A-8490-2
Onentation: TL Capsule: 97° Fluence:
CAPSULE 97° 1S PLATE M-605-1 (TRANSVERSE)
Charpy V-Notch Data
Temperature (*F) Input L. E. Computed L. E Differential
70 140 105 353
95 20 137 -1170
120 240 177 625
140 20 216 038
150 340 2138 1024
170 370 284 860
200 230 361 -13.06
200 no 361 -13.06
70 470 441 204 |
0 500 3 584 ?
300 650 606 437
373 68.0 715 352 1
|
|
|
|
\
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Westinghouse Non-Proprietary Class 3 C-91

CAPSULE 97°1S PLATE M-605-1 (TRANSVERSE)

CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/8/2014 9:45 AM
A=50.00 B=50.00 C=104.52 T0=187.21 D=0.00
Carrelation Coefficient =0.948
Equation is A+ B * [Tank((T-T0)(C+DT))]

Upper Shelf %Shear = 100.00 (Fixed) Lower Shelf %Shear = 0.00 (Fixed)
| Temperature at 50% Shear= 187.30

Plant St. Lucie 2 Material: SAS33BL Heat: A-8450-2
Orientation: TL Capsule: 97° Fluence:
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Westinghouse Non-Proprietary Class 3 C-92

Plant: St. Lucie 2 Material: SA333B1 Heat- A-8490-2
CAPSULE 97° IS PLATE M-605-1 (TRANSVERSE)
Charpy V-Notch Data
Temperature (° F) Input %Shear Computed %6 Shear Differential

70 150 97 535
95 200 147 531
120 250 17 329
140 250 289 389
150 450 330 12.04
170 450 419 314
200 350 56.1 2107
200 450 56.1 1107
230 700 693 0.65
270 100.0 829 17.09
300 100.0 896 1041
375 100.0 973 270
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Westinghouse Non-Proprietary Class 3 C-93

CAPSULE 97° SURVEILLANCE PROGRAM WELD METAL

CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/8/2014 9:51 AM
A=48.60 B=4640 C=9215T0=13.41 D=10.00

Correlation Coefficient = 0.951
Equation is A + B * [Tanh((T-TOY(C+DD))}
‘Upper Shelf Fnergy = 95.00 (Fixed) Lower Shelf Energy =2 20 (Fixad)
Temp@30 R-Ibs=25.70° F Temp@35 f-los—14.40° F Temp@>50 fiTbs=1620°F

Plant: St. Lucie 2 Matenal: SAW Heat- 83637
Onentation: NA Capsule: 97° Fluence:
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Westinghouse Non-Proprietary Class 3

C-94

Plant: St. Lucie 2
Orientation: NA

Matenal: SAW
Capsule: 87°

Heat 83637

Fluence:

CAPSULE 97° SURVEILLANCE PROGRAM WELD METAL

Charpy V-Notch Data
Temperature (° F) Input CVN Computed CVN Differential
-60 17.0 179 038
40 250 244 064
30 no 282 23
25 240 303 631
20 450 325 1252
0 490 419 7.10
20 190 519 201
70 610 740 1298
120 930 86.6 635
170 1130 920 21.00
250 820 945 1246
300 030 048 182
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Westinghouse Non-Proprietary Class 3 C-95

CAPSULE 97° SURVEILLANCE PROGRAM WELD METAL

CVGraph 6.0: Eyperbolic Tangent Curve Printed on 1/82014 10:04 AM
A=4122B=4022 C=88.46 TO=1L76 D =0.00
Correlation Coefficient = 0.967
Equation is A + B * [Tanb((T-TO}(C+DD)]

Upper Shelf LE =81.45 Lower Sheif LE = 1.00 (Fixed)
Temp33 mils= -2 00°F

Plant: St. Lucie 2 Material: SAW Heat 83637
Onentation: NA Capsule: 97° Fluence:
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Westinghouse Non-Proprietary Class 3 C-96

Plant: St. Lucie 2 Material: SAW Heat 83637
CAPSULE 97° SURVEILLANCE PROGRAM WELD METAL
Charpy V-Notch Data

Temperature (° F) Input L. E. Computed L. E. Differential

60 140 143 026
-40 210 200 095
-30 150 235 53
23 250 254 041
20 360 274 863

0 450 359 909

20 350 450 996

70 60.0 644 444
120 840 750 896
170 840 793 474
250 0 811 908
300 820 813 , 0.67
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Westinghouse Non-Proprietary Class 3 C-97

CAPSULE 97° SURVEILLANCE PROGRAM WELD METAL

CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12872014 10:16 AM
A=350.00 B=50.00 C=74.44 TO=8.73 D=0.00
Correlation Coefficient = 0.995
Equation is A + B * [Tanh((T-TOY(C+DT))]

Upper Shelf %Shear = 100.00 (Fixed) Lower Shelf %Shear = 0.00 (Fixed)
Temperature at 50% Shear = 8 .80

Plant: St. Lucie 2 Material: SAW Heat: 83637
Orientation: NA Capsule: 97° Fluence:
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Westinghouse Non-Proprietary Class 3 C-98
Plant St. Lucie 2 Material: SAW Heat 83637
Onentation: NA Capsule: 97° Fluence:
CAPSULE 97° SURVEILLANCE PROGRAM WELD METAL
Charpy V-Notch Data
Temperature (* F} Input %6Shear Compufed %Shear Differential

-60 150 136 137
-40 250 213 374
-30 200 261 6.10
25 B0 288 -378
-20 300 316 -1.61
0 300 442 584
20 0.0 575 249
70 200 8338 -3.84
120 950 852 021
170 980 987 0,70
250 100.0 998 0.15
300 1000 1000 0.04
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CAPSULE 97° HEAT AFFECTED ZONE

CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/272014 1027 AM
A=4760 B=4540 C=43522T0=40.99 D = 0.00
Correlation Coefficient =0207

Eguation is A + B * [Tanh((T-TOW(C+DT))]
Upper Shelf Energy = 93 00 (Fixed) Lower Shelf Energy =2 20 (Fixed)
Temp@30 flbs=137.00° F Temp(@35 fi-lhs=83.00°F Temp@S0 fi-lbs=64 10° F
Plant St. Lucie 2 Material- SAS33B1 Heat A-8490-2
Onentation: NA Capsule: 97° Fluence:
140
120 }— o o
: o :
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Plant: St. Lucie 2 Material SAS33B1 Heat A-8490.2
Orientanion: NA Capsule: 97° Fluence:
CAPSULE 97° HEAT AFFECTED ZONE
Charpy V-Notch Data
Temperature (* F) Tnput CVN Computed CYN Differential
50 106.0 485 5746
7 170 50.6 3362
100 20 537 nn
120 340 55.8 275
130 240 56.8 32776
140 1200 578 6125
150 210 587 3174
170 00 607 3868
180 86.0 616 2437
250 1730 679 55.13
300 59.0 718 1282
375 68.0 76.9 890
CVGraph 6.0 12/08/2014 Page 22
WCAP-17939-NP May 2015

Revision 0




Westinghouse Non-Proprietary Class 3 C-101

CAPSULE 97° HEAT AFFECTED ZONE
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/8/2014 1038 AM
A=39.49 B=38.49 C =300.99 T0=116.80 D = 0.00
Correlation Coefficient = 0.444
Equation is A + B * [Tanb((T-TO}(C+DT))]
Upper Shelf LE =77.97 Lower Shelf L E. = 1.00 (Fized)
Temp@35 mils= 81 60° F
Plant St. Lucie 2 Material: SAS33B1 Heat A-8490-2
Orientation: NA Capsule: 97° Fluence:
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C-102

Plant St. Lucie 2 Material: SAS33B1 Heat- A-8490-2
Ornientation: NA Capsule: 97° Fluence:
CAPSULE 97° HEAT AFFECTED ZONE
Charpy V-Notch Data
Temperature (° F) Input L. E. Computed L. E. Differential
50 580 311 2692
70 180 336 -1555
100 370 373 034
120 200 399 -10.90
130 X 412 1917
140 820 04 3955
150 200 437 237
170 270 462 1922
180 530 475 555
250 80.0 555 2451
300 630 604 161
375 570 662 924
CVGraph 60 12082014 Page 212
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CAPSULE 97° HEAT AFFECTED ZONE

| CVGraph 6.0: Hyperbolic Tangent Curve Printed on 12/2/2014 10:40 AM
A=50.00 B=50.00 C=172.85TD=92.39 D = 0.00
Correlation Coefficient = 0.743
Equation is A + B * [Tash{(T-TO/C+DT))]

Upper Shelf %Shear = 100.00 (Fixed) Lower Shelf “Shear = 0.00 (Fixed)
Temperature at 50% Shear =92 40

Plant St. Lucie 2 Material: SAS33B1 Heat A-8490-2
Onentation: NA Capsule: 27° Fluence:

110

100

Percent Shear

20

10

-300 -200 -100 0 100 200 300 400 500 600
Temperature (° F)

CVGraph 6.0 12/0872014 Page 112

WCAP-17939-NP May 2015
Revision 0




Westinghouse Non-Proprietary Class 3 C-104
Plant- St. Lucie 2 Material: SAS33B1 Heat A-8490-2
Onentation” NA Capsule: 97° ‘ Fluence:
CAPSULE 97° HEAT AFFECTED ZONE
Charpy V-Notch Data
Temperature (° F) Iuput $eShear Computed %Shear ] Differential
50 60.0 380 N0
0 300 136 1356
100 55.0 522 280
120 50.0 579 am
130 500 60.7 1071
140 95.0 634 3157
150 450 66.1 207
170 450 711 -26.05
180 850 734 1162
250 100.0 86.1 1390
300 1000 917 830
375 100.0 963 366
CVGraph 6.0 12082014 Paga 2
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APPENDIX D  ST. LUCIE UNIT 2 SURVEILLANCE PROGRAM
CREDIBILITY EVALUATION

D.1 INTRODUCTION

Regulatory Guide 1.99, Revision 2 [Ref. D-1] describes general procedures acceptable to the NRC staff
for calculating the effects of neutron radiation embrittlement of the low-alloy steels currently used for
light-water-cooled reactor vessels. Positions 2.1 and 2.2 of Regulatory Guide 1.99, Revision 2, describe
the method for calculating the adjusted reference temperature and Charpy upper-shelf energy of reactor
vessel beltline materials using surveillance capsule data. The methods of Positions 2.1 and 2.2 can only
be applied when two or more credible surveillance data sets become available from the reactor in
question.

To date there have been' three surveillance capsules removed and tested from the St. Lucie Unit 2 reactor
vessel. To use these surveillance data sets, they must be shown to be credible. In accordance with
Regulatory Guide 1.99, Revision 2, the credibility of the surveillance data will be judged based on five
criteria.

The purpose of this evaluation is to apply the credibility requirements of Regulatory Guide 1.99,
Revision 2, to the St. Lucie Unit 2 reactor vessel surveillance data and determine if that surveillance data
is credible.

D.2 EVALUATION

Criterion 1:  Materials in the capsules should be those judged most likely to be controlling with regard
to radiation embrittlement.

The beltline region of the reactor vessel is defined in Appendix G to 10 CFR Part 50, “Fracture Toughness
Requirements” [Ref. D-2], as follows:

“the region of the reactor vessel (shell material including welds, heat affected zones, and plates
or forgings) that directly surrounds the effective height of the active core and adjacent regions of
the reactor vessel that are predicted to experience sufficient neutron radiation damage to be
considered in the selection of the most limiting material with regard to radiation damage.”
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The St. Lucie Unit 2 reactor vessel beltline region consists of the following materials:

1. Intermediate Shell Plates M-605-1, M-605-2, and M-605-3

Lower Shell Plates M-4116-1, M-4116-2, and M-4116-3

Intermediate Shell Axial Welds (Heat # 83642, Flux Type Linde 0091)
Intermediate Shell Axial Weld Repair (Heat # 83637, Flux Type Linde 0091)

Intermediate to Lower Shell Girth Weld (Heat # 83637 and 3P7317, Flux Type Linde
124) '

6. Lower Shell Axial Welds (Heat # 83637, Flux Type Linde 0091)

L A I

Per WCAP-15040, Revision 1 [Ref. D-3], the St. Lucie Unit 2 surveillance program was developed to the
requirements of ASTM E185-73. Intermediate shell plate M-605-1 had the highest initial RTxpr value
and the second highest Cu wt. % value. This plate is also the same heat of material as the intermediate
shell plate M-605-3; therefore, it is also representative of a second beltline plate. Intermediate shell plate
M-605-2 has a higher wt. % Cu value; however, it has superior fracture toughness properties (Initial USE
and RTypr) as compared to plate M-605-1. Lastly, all three lower shell plates, while having less than or
equivalent initial USE values, have lower initial RTypr values and significantly better wt. % Cu values
when compared to plate M-605-1. Hence, the intermediate shell plate M-605-1 was chosen as the most
limiting plate material.

The surveillance weld metal was selected as Heat # 83637, Flux Type Linde 124, Lot # 0951. The
selection of this weld material was the general practice for Combustion Engineering surveillance
programs because it was considered representative material, even though this material is not directly
applicable to any of the reactor vessel beltline welds. The vessel welds fabricated using the same weld
wire heat, 83637, are the intermediate shell axial weld repair, and the lower shell axial welds. However,
these welds all used a different Flux Type: Linde 0091 for the reactor vessel and Linde 124 for the
surveillance weld. The intermediate to lower shell girth weld seam used the same heat and flux type;
however, this weld was made with a second weld wire, heat # 3P7317, making the surveillance weld only
partially applicable to the vessel. Hence, weld wire Heat # 83637, Flux Type Linde 124 (flux lot # 0951)
was utilized in the surveillance program.

Based on the above discussion and the methodology in use at the time the program was developed, the St.
Lucie Unit 2 surveillance material meets the intent of Criterion 1.

Criterion 2:  Scatter in the plots of Charpy energy versus temperature for the irradiated and
unirradiated conditions should be small enough to permit the determination of the 30 ft-1b
temperature and upper-shelf energy unambiguously.

Based on engineering judgment, the scatter in the data presented in these plots is small enough to permit
the determination of the 30 ft-1b temperature and the USE of the St. Lucie Unit 2 surveillance materials
unambiguously. Hence, the St. Lucie Unit 2 surveillance program meets this criterion.
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Criterion 3:  When there are two or more sets of surveillance data from one reactor, the scatter of
ARTypr values about a best-fit line drawn as described in Regulatory Position 2.1 should
normally be less than 28°F for welds and 17°F for base metal. Even if the fluence range
is large (two or more orders of magnitude), the scatter should not exceed twice those
values. Even if the data fail this criterion for use in shift calculations, they may be
credible for determining decrease in USE if the upper shelf can be clearly determined,
following the definition given in ASTM E185-82 [Ref. D-4].

The functional form of the least-squares method as described in Regulatory Position 2.1 will be utilized to
determine a best-fit line for this data and to determine if the scatter of these ARTypr values about this line
is less than 28°F for welds and less than 17°F for the plate.

Following is the calculation of the best-fit line as described in Regulatory Position 2.1 of Regulatory
Guide 1.99, Revision 2. In addition, the recommended NRC methods for determining credibility will be
followed. The NRC methods were presented to industry at a meeting held by the NRC on February 12
and 13, 1998 [Ref. D-5]. At this meeting the NRC presented five cases. Of the five cases, Case 1
(“Surveillance data available from plant but no other source”) most closely represents the situation for the
St. Lucie Unit 2 surveillance plate and weld material.

Furthermore, per ASTM E185-82, only transverse orientation base metal is required to be included in
surveillance capsules. In addition, ASME Code requires that initial RTypr and USE be determined via
testing of Charpy V-notch specimens oriented in the transverse direction. Therefore, even though
10 CFR 50.61 states that “Surveillance program results means any data that demonstrates the
embrittlement trends for the limiting beltline material, including but not limited to data from test reactors
or from surveillance programs at other plants with or without surveillance program integrated per
10 CFR Part 50, Appendix H,” ASTM EI185-82 suggests inclusion of a greater quantity of Charpy
V-notch test specimens, whenever possible (which was done for St. Lucie Unit 2). The longitudinal
orientation Charpy V-Notch test results do demonstrate embrittlement trends for the limiting beltline plate
material. Consistent with 10 CFR 50.61, the longitudinal and transverse orientation plate data are all
considered in Tables D-1 and D-2. As an alternative presentation of the plate data, an interim chemistry
factor and credibility conclusion is presented in Tables D-3 and D-4 using only the transverse orientation
base metal Charpy V-notch test results.
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Case 1: Intermediate Shell Plate M-605-1 and Weld Heat # 83637

Following the NRC Case 1 guidelines, the St. Lucie Unit 2 surveillance plate and weld metal (Heat #
83637) will be evaluated using the St. Lucie Unit 2 data. This evaluation is contained in Table D-1. Note
that when evaluating the credibility of the surveillance weld data, the measured ARTypr values for the
surveillance weld metal do not include the adjustment ratio procedure of Regulatory Guide 1.99, Revision
2, Position 2.1, since this calculation is based on the actual surveillance weld metal measured shift values.
In addition, only St. Lucie Unit 2 data is being considered; therefore, no temperature adjustment is
required.

Table D-1

Calculation of Interim Chemistry Factors for the Credibility Evaluation for
St. Lucie Unit 2 Using All Available Surveillance Data

Intermediatev | o
Sl Plate 83 0.140 0488 | 45.1 21.99 0.238
M-605-1 )
b cuaitartinal) 97 2250 1220 | 1327 161.84 1.487
T 83° 0.140 0488 | 294 1433 0238
Shell Plate R
pieerdy 263 1.000 1.000 | 1027 102.70 1.000
T
(Lransverse) 97° 2250 1220 | 1276 155.62 1.487
SUM: 456.48 4.450
CF wios.1 = S(FF * ARTapr) = S(FF?) = (456.48) = (4.450) = 102.6°F
83° 0.140 0488 | 158 7.70 0.238
Surveillance
Weld Metal 263° 1.000 1000 | 265 26.50 1.000
(Heat #83637)
97° 2250 1220 | 248 30.25 1.487
SUM: 64.45 2725
CF suv. werd = Z(FF * ARTapp) + S(FF?) = (64.45) = (2.725) = 23.7°F
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The scatter of ARTxpr values about the functional form of a best-fit line drawn as described in Regulatory
Position 2.1 is presented in Table D-2.

Table D-2 St. Lucie Unit 2 Surveillance Capsule Data Scatter about the Best-Fit Line Using All
Available Surveillance Data

Intermediate Shell 83° 102.6 0.140 0.488 45.1 50.0 49 Yes

Plate M-605-1
(Longitudinal) 97° 102.6 2.250 1.220 132.7 125.1 7.6 Yes
. . 83° 102.6 0.140 0.488 294 50.0 20.6 No
Intermediate Shell )
Plate M-605-1 263° 102.6 1.000 1.000 102.7 102.6 0.1 Yes
(Transverse)
97° 102.6 2.250 1.220 127.6 125.1 2.5 Yes
. 83° 23.7 0.140 0.488 15.8 11.6 4.2 Yes
Surveillance Weld
Metal 263° 23.7 1.000 1.000 26.5 23.7 2.8 Yes
(Heat #83637)
97° 23.7 2.250 1.220 24.8 28.9 4.1 Yes

From a statistical point of view, +/- 16 would be expected to encompass 68% of the data. Table D-2
indicates that four of the five surveillance data points fall inside the +/- 1o of 17°F scatter band for
surveillance base metals; therefore, the plate data is deemed “credible” per the third criterion.

Table D-2 indicates that three of the three surveillance data points fall inside the +/- 1o of 28°F scatter
band for surveillance weld materials; therefore, the surveillance weld data is deemed “credible” per the
third criterion.
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Table D-3

Calculation of Interim Chemistry Factor for the Credibility Evaluation for St. Lucie
Unit 2 Using Only Transverse Orientation Base Metal Surveillance Data

Intermediate 83° 0.140 0.488 294 14.33 0.238
Shell Plate .
M-605-1 263 1.000 1.000 102.7 102.70 1.000
(Transverse)
97° 2.250 1.220 127.6 155.62 1.487
SUM: 272.65 2.725

CF M-605-1TL Only — Z(FF * ARTNDT) =+ Z(FFz) = (272.65) - (2.725) = 100.1°F

The scatter of ARTxpr values about the functional form of a best-fit line drawn as described in Regulatory
Position 2.1 is presented in Table D-4 for only the transverse base metal data.

Table D-4

St. Lucie Unit 2 Surveillance Capsule Data Scatter about the Best-Fit Line Using
Only Transverse Orientation Base Metal Surveillance Data

. 83° 100.1 0.140 0.488 294 48.8 19.4 No
Intermediate Shell
Plate M-605-1 263° 100.1 1.000 1.000 102.7 100.1 2.6 Yes
(Transverse)
97° 100.1 2.250 1.220 127.6 122.1 5.5 Yes

From a statistical point of view, +/- 1o would be expected to encompass 68% of the data. Table D-4
indicates that only one of the three surveillance data points falls outside the +/- 16 of 17°F scatter band
for surveillance base metals. With consideration of the three points, 67% of the data is within the 17°F
scatter band.

The one data point that falls outside of the scatter band is by 2.4°F, which is a small amount considering
that the scatter band is 34°F (+/- 17°F). Furthermore, the two data points that are at fluence levels closer
to the actual current vessel fluence and projected end of 40-year life fluence have very minimal scatter
(2.6°F and 5.5°F). Since comparisons of the measured and predicted shifts for the two most recent data
points have minimal scatter, it is reasonable to state that the transverse plate data only is deemed
“credible” per the third criterion.
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Criterion 4:  The irradiation temperature of the Charpy specimens in the capsule should match the
vessel wall temperature at the cladding/base metal interface within +/- 25°F.

The surveillance materials are contained in capsules positioned near the reactor vessel inside wall so that
the irradiation conditions (fluence, flux spectrum, temperature) of the test specimens resemble, as closely
as possible, the irradiation conditions of the reactor vessel. The capsules are bisected by the midplane of
the core and are placed in capsule holders positioned circumferentially about the core at locations near the
regions of maximum flux. The location of the specimens with respect to the reactor vessel beltline
provides assurance that the reactor vessel wall and the specimens experience equivalent operating
conditions such that the temperatures will not differ by more than 25°F.

Hence, Criterion 4 is met for the St. Lucie Unit 2 surveillance program.

Criterion 5:  The surveillance data for the correlation monitor material in the capsule should fall
within the scatter band of the database for that material.

The St. Lucie Unit 2 surveillance program does contain Standard Reference Material (SRM). The
material was obtained from an AS533 Grade B, Class 1 plate (HSST Plate 01). NUREG/CR-6413,
ORNL/TM-13133 [Ref. D-6] contains a plot of Residual vs. Fast Fluence for the SRM (Figure 11 in the
report). This Figure shows a 26 uncertainty of 50°F. The data used for this plot is contained in Table 14
in the report. However, the NUREG Report does not consider the recalculated fluence and ARTypr
values for Capsule 263°. Thus, Table D-5 contains an updated calculation of Residual vs. Fast fluence,
considering the recalculated capsule fluence and ARTxpr values for Capsule 263°.

Table D-5 Calculation of Residual vs. Fast Fluence for St. Lucie Unit 2

| Residual

263° 1.000 1.000 131.2 136.10 4.9

Notes for Table D-5:

(a) Measured ATj;, values for the SRM were taken from Section 5 of this report.

(b)  Per NUREG/CR-6413, ORNL/TM-13133, the Cu and Ni values for the SRM (HSST Plate 01) are 0.18 and
0.66, respectively. This equates to a chemistry factor value of 136.1°F based on Regulatory Guide 1.99,
Revision 2, Position 1.1. The calculated shift is thus equal to CF * FF.

(c) Residual = Absolute Value [Measured Shift — RG 1.99 Shift].

Table D-5 shows a 2¢ uncertainty of less than 50°F, which is the allowable scatter in NUREG/CR-6413,
ORNL/TM-13133.

Hence. Criterion 5 is met for the St. Lucie Unit 2 surveillance program.
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D.3

CONCLUSION

Based on the preceding responses to all five criteria of Regulatory Guide 1.99, Revision 2, Section B, the
St. Lucie Unit 2 surveillance plate, with consideration of all surveillance data or considering only the

transverse orientation Charpy data points. and weld data are both deemed credible.
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APPENDIX E  ST. LUCIE UNIT 2 UPPER-SHELF ENERGY
EVALUATION

E.1 EVALUATION

Per Regulatory Guide 1.99, Revision 2 [Ref. E-1], the Charpy upper-shelf energy (USE) is assumed to
decrease as a function of fluence and copper content as indicated in Figure 2 of the Guide (Figure E-1 of
this appendix) when surveillance data is not used. Linear interpolation is permitted. In addition, if
surveillance data is to be used, the decrease in upper-shelf energy may be obtained by plotting the reduced
plant surveillance data on Figure 2 of the Guide (Figure E-1 of this appendix) and fitting the data with a
line drawn parallel to the existing lines as the upper bound of all the data. This line should be used in
preference to the existing graph.

The 55 EFPY (end-of-license) upper-shelf energy of the vessel materials can be predicted using the
corresponding 1/4T fluence projection, the copper content of the beltline materials and/or the results of
the capsules tested to date using Figure 2 in Regulatory Guide 1.99, Revision 2. The maximum vessel
clad/base metal interface fluence value was used to determine the corresponding 1/4T fluence value at
55 EFPY.

The St. Lucie Unit 2 reactor vessel beltline region minimum thickness is 8.625 inches. Calculation of the
1/4T vessel fluence values at 55 EFPY for the beltline materials is shown as follows:

Il

4.53 x 10" n/cm? (E > 1.0 MeV)

(4.53 x 10" n/cm?) * 024" ®625/4)

Maximum Vessel Fluence @ 55 EFPY
1/4T Fluence @ 55 EFPY

2.700 x 10" n/cm’ (E > 1.0 MeV)

The following pages present the St. Lucie Unit 2 upper-shelf energy evaluation. Figure E-1, as indicated
above, is used in making predictions in accordance with Regulatory Guide 1.99, Revision 2. Table E-1
provides the predicted upper-shelf energy values for 55 EFPY (EOL).
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e 3 : Limiting Plate Percent USE Decrease
Limiting 1?;21”5‘:‘“::;3 %iﬁegfcmase 23% from Capsule 263°
— (transverse-orientation)

100.0

Plate
Line

Weid
Line

Plate M-605-1
10.0

# Surveillance Material
Weld Heat # 836837

Percentage Drop in USE

55 EFPY 1/4T

Fluence =270 x 10" n/em?

1 B 2 i e A
1.00E+17 1.00E+18 1.00E+18 1.00E+20

Neutron Fluence, n/cm? (E >1 MeV)

Figure E-1 Regulatory Guide 1.99, Revision 2 Predicted Decrease in Upper-Shelf Energy as a Function of
Copper and Fluence
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Table E-1 Predicted Positions 1.2 and 2.2 Upper-Shelf Energy Values at 55 EFPY

Position 1.2®

Intermediate Shell Plate M-605-1 0.11 2.70 105 30 73.5
Intermediate Shell Plate M-605-2 0.13 2.70 113 30 79.1
Intermediate Shell Plate M-605-3 0.11 2.70 113 30 79.1
Lower Shell Plate M-4116-1 0.06 2.70 91 24 69.2
Lower Shell Plate M-4116-2 0.07 2.70 105 24 79.8
Lower Shell Plate M-4116-3 0.07 2.70 100 24 76.0
Intermediate to Lower Shell Girth Weld 0.07 270 96 30 672
Seam 101-171
Intermediate Shell Axial Weld Seams 0.05 270 116 24 282
101-124 A, B, C
Intermediate Shell Axial Weld Seam
.05 2. 24 103.4
101-124 C REPAIR 0.0 i 16

Lower Shell Axial Weld Seams 0.05 270 136 24 103.4

101-142 A, B, C

Position 2.2

Intermediate Shell Plate M-605-1 0.11 2.70 105 29 74.6
Intermediate Shell Plate M-605-3 0.11 2.70 113 29 80.2
Notes:

(a) Calculated using the Cu wt. % value and 1/4T fluence value for each material and Regulatory Guide 1.99, Revision 2, Position 1.2. In
calculating the Position 1.2 percent USE decreases, the copper weight percent values were conservatively rounded up to the next
highest line for each plate and weld material.

(b) Calculated using surveillance capsule measured percent decrease in USE from Table 5-10 and Regulatory Guide 1.99, Revision 2,
Position 2.2; see Figure E-1. Consistent with Criterion 1 of Appendix D, the surveillance weld percent USE decrease was not applied
to the reactor vessel weld materials because none of the actual reactor vessel welds directly match both the heat and flux type used for
the surveillance weld material.
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USE Conclusion

As shown in Table E-1, all of the St. Lucie Unit 2 reactor vessel beltline materials are projected to remain
above the USE screening criterion of 50 ft-lbs (per 10 CFR 50, Appendix G) at 55 EFPY.
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E-1 Regulatory Guide 1.99, Revision 2, Radiation Embrittlement of Reactor Vessel Materials,
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