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org OrgCode LCS [deg]

DPS9, 150 mm OD, 1 gpm

CEl 82.2

CRIEPI 67.1

KIWA 69.5

NRC 68.9

SIA 77.6
average 73.0
st. dev. 6.5

DPS12, 150 mm OD, 1 gpm, WRS

CEl 78.2

CRIEPI

KIWA 74.5

NRC 77.9

SIA
average 76.9
st. dev. 2.0

ERPC5, 150 mm OD, free

CEl 91.2

CRIEPI 76.5

KIWA 79.9

NRC 78.1

SIA 77.6
average 80.7
st. dev. 6.0

ERPC6, 150 mm OD, ER1

CEl 1333

CRIEPI 83.8

KIWA-FE 120.9

NRC 93.5

SIA 69.5
average 100.2
st. dev. 26.4

ERPC7, 150 mm OD, ER2

CEl 117.8

CRIEPI 77.7

KIWA-FE 107.1

NRC 914

SIA 68.7
average 92.5
st. dev. 20.2

ERPC8, 150 mm OD, ER1, WRS3

CEl

CRIEPI

KIWA

NRC 114.8

SIA

ERPC8%*, 150 mm OD, Free, WRS3

CEl

CRIEPI

KIWA 110.7

NRC

SIA

ERPC5*, 150 mm OD, 1gpm; WRS3, Free

CEl
CRIEPI
KIWA
NRC
SIA

%difference in KIWA results d

85.7

22.584

Interpolated

1COD [mm]

0.076
0.078

0.087
0.079

0.099

0.089
0.137

0.070
0.073

0.079
0.079

0.055

0.057
0.069
0.085

0.060

0.061
0.070
0.083

0.129

0.022

0.098

-337.651

0.089
0.100
0.095
0.104
0.093

0.086

0.109
0.099

0.081
0.090
0.088
0.094
0.093

0.061
0.084
0.065
0.081
0.102

0.067
0.089
0.071
0.083
0.101

0.085

0.026

0.091

-248.171

MCOD [mm] OCOD [mm] CBM_NO kN-n

0.101 53.5
57.6
0.113 39.7
0.121 69.1
0.108 59.2

average

std dev.
0.074 55.6
0.128 37.0
0.063 64.2

average

std dev.
0.093 48.6
52.9
0.104 39.8
0.109 64.1
0.108 59.2

average

std dev.
0.067 61.9
49.3

0.073

0.094 75.1
0.118 78.6

average

std dev.
0.075 49.0
523

0.082

0.096 66.2
0.119 70.7

average

std dev.
0.042 743
0.030 333
0.085 36.8
-183.819 -10.511

CCS [deg]

156.4
158.0
127.0
171.0
175.7
157.6

19.0

156.4

126.3
171.0

151.2
22.8

163.8
166.0
140.5
178.0
175.7
164.8

14.9

312.0
317.5
314.8

282.0
265.8
273.9

11.5

LR kg/s

0.767
5.702
1.283
5.156
785.527

0.992

1.176
4.270

0.720
3.478
1.487
3.420
49.488

0.339
0.366

0.856
3.922

0.461

0.360
0.797

0.306

0.391
0.737
3.922

IDCOD [mm] MWCOD [mm. ODCOD [mm]

0.367
0.888
0.421
0.938
4.205

0.479

0.414
0.836

0.330
0.734
0.444
0.805
4.205

Comments

0.396 Free, TP
Free, TP

0.476 Free, TP

1.020 @ 1(0.063) gr Free, TP

4.488 Free, TP

0.498 Free, TP, WRS3
Free, TP, WRS3

0.469 Free, TP, WRS3

0.877 @ 1(0.063) g Free, TP, WRS3
Free, TP, WRS3

0.353 Free

Free
0.497 Results from I¢ Free
0.873 2c Margin: 2.2 Free
4.488 Free

ER1
ER1
Results from F ER1
RC:0.817, 2c M ER1
CCS is too long ER1

ER2
ER2
Results from F ER2
RC:0.942, 2¢c M ER2
CCS is too long ER2

ER1, WRS3
ER1, WRS3
ER1, WRS3

312.0 75000000.000 2955004.000 3121674.000 3248151.000 RC:0.714, 2c M ER1, WRS3

170.5

139.1

18.416

0.670

0.810

-20.896

0.332

0.369

-10.925

0.348

0.396

-13.618

ER1, WRS3

Free, WRS3
Free, WRS3
0.364 Results from I¢ Free, WRS3
Free, WRS3
Free, WRS3

Free, WRS3
Free, WRS3
0.423 Results from I¢ Free, WRS3
Free, WRS3
Free, WRS3

-16.073

ERPC5/DP
S9 Margin
Ratio

0.943131
0.921536
0.9623
0.918316
1

LCS_LR/LC CCS_LR/C

S_COA

CS_COA

kg/s/cm™ gpm/cmn

2

9.16E-01
9.93E-01
1.01E+00
9.30E-01
9.19E-01

9.86E-01

8.22E-01
8.64E-01

8.97E-01
9.67E-01
9.44E-01
9.07E-01
9.19E-01

8.20E-01
9.50E-01
8.49E-01
8.79E-01
9.39E-01

8.41E-01
9.64E-01
8.72E-01
8.78E-01
9.57E-01

6.83E-01

2.29E+00

1.41E+00
4.30E+00
2.54E+00
3.40E+00
1.12E+02

1.40E+00

2.38E+00
3.16E+00

1.41E+00
3.02E+00
2.52E+00
2.52E+00
7.08E+00

8.14E+00

1.19E+00

x1073

Mwcob/
LCS

8.95E-01
1.24E+00
1.14E+00
1.25E+00
1.00E+00

9.19E-01

1.21E+00
1.06E+00

7.41E-01
9.77€-01
9.17E-01
9.99E-01
1.00E+00

3.80E-01
8.29E-01
4.46E-01
7.19€-01
1.22E+00

4.74E-01
9.50E-01
5.53E-01
7.54E-01
1.22E+00

6.15E-01

x1073

mMwcob/
ccs

1.95E+00
4.67E+00
2.75E+00
4.55E+00
1.99E+01

2.54E+00

2.72E+00
4.06E+00

1.67E+00
3.67E+00
2.62E+00
3.76E+00
1.99E+01

8.31E+06

ccs/Les

1.904189
2.354694
1.827338
2.481858
2.265427

2.001744

1.695302
2.195122

1.7959
2.169935
1.758448
2.279129
2.265427

3.336898
4.566485

3.085339
3.867465

2.71777

CBM/pi()(
t*Ron2)
[MPa]

252.2227
271.6244
187.0429

325.855
279.3723

262.4204

174.4897
302.7481

229.288
249.4606
187.6849
302.2765
279.3723

291.902
232.4841

354.1492
370.704

231.0694
246.6312

312.1795
333.4328

350.3767

197E-01 1.70E+00 1.540199 157.0329

8.51E-01 1.56E+00 8.85E-01 2.36E+00 1.623104 173.5378

0D (mm)

150
150
150
150
150

150

150
150

150
150
150
150
150

150
150
150
150
150

150
150
150
150
150

150

MWCOA
(mm~n2)

6.880089
6.346567
6.265563
6.77749
6.85301

6.390517

7.664252
7.29439

7.026494
6.512088

6.67119
6.943768
6.852901

7.684581
6.634158
7.420139
7.163297
6.706682

7.492969
6.533398
7.223825
7.175309
6.584242

9.229478

€BM/(pi()-
LCS)*(t*R
0n2))[MP
a]

410.7073
407.2331
284.3166
493.6248
444.0455

418.4391

272.7727
482.089

390.2724
394.253
302.0517
481.853
444.0455

568.0202
381.7484

609.1112
563.6168

434.3472
392.3094

531.8186
504.5724

652.9157

150 2.746233 288.865¢

150 7.402238 287.677¢

150

120

°
S

®Free,TP ®Free ®ERI ER2 = Free,TP,WRS3 ER1, WRS3 = Free, WRS3
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i Figure 5.26
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Figure 5.29

LCS
CEl CRIEPI
Free, TP 822 67.1
Free 91.2 76.5
ER1 1333 83.8
ER2 117.8 77.7
Free,TP,WRS3 78.2
ER1,WRS3
Free, WRS3
ccs
CEl CRIEPI KIWA
156.4 158.0 127.0
163.8 166.0 140.5
156.4 126.3
170.5

KIWA

NRC

69.5
79.9
120.9
107.1
74.5

110.7

171.0
178.0
312.0
282.0
171.0
312.0

NRC

SIA

68.9
78.1
93.5
91.4
77.9
114.8

175.7
175.7
317.5
265.8

SIA

77.6
77.6
69.5
68.7
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ERPC Submaster
op org

ERPCS, 150 mm OD, 1 gpm; No, Free
150mm  CEl

KIWA-FE RO
NRC
SIA

ERPC6, 150 mm OD, 1 gpm; No, ER1
CEI
CRIEPI
KIWA-FE
KIWA-FED
NRC
SIA

ERPC7, 150 mm OD, 1 gpm; No, ER2
CEI
CRIEPI
KIWA-FE
KIWA-FED
NRC
SIA

ERPCS, 150 mm OD, 1 gpm, ER1, WRS3
CEl
CRIEPI
KIWA
NRC
SIA

ERPC1, 400 mm OD, 1 gpm; No, Free
400mm  CEl
CRIEPI
KIWA
NRC
SIA

ERPC2, 400 mm OD, 1 gpm; No, ER1

ERPC3, 800 mm OD, 1 gpm; No, Free
800mm  CEl
CRIEPI
KIWA
NRC
SIA

ERPC4, 800 mm OD, 1 gpm; No, ER1
CEI
CRIEPI
KIWA
NRC
SIA

ERPC5*, 150 mm OD, 1gpm; WRS3, Free
CEl
CRIEPI
KIWA
NRC
SIA

LS [deg]

91.2
76.5
79.9
82.6
82.2
78.1
77.6

1333
83.8
1209
1175
93.5
69.5

117.8
77.7
107.1
104.7
91.4
68.7

1107
114.8

62.2
49.6
54.5
50.6
50.4

88.9
54.7

57.5
43.7

38.7
315
35.4
318
317

53.0

342

363
26.6

0.070

0.073
0.072
0.073
0.079
0.079

0.055

0.057

0.058

0.069
0.085

0.061
0.062
0.070
0.083

0.022
0.129

0.070
0.069

0.081
0.081

0.054

0.072
0.089

0.078

0.075

0.088
0.088

0.060

0.076

0.100

0.098

Interpolated

0.081
0.090
0.088
0.086
0.087
0.094
0.093

0.061
0.084
0.065
0.066
0.081
0.102

0.067
0.089
0.071
0.072
0.083
0.101

0.026
0.085

0.084
0.094

0.097

0.098

0.065

0.087

0.088

0.110

0.092

0.102

0.102

0.105

0.074

0.096

0.094
0.121

0.091

0.093

0.104
0.100
0.101
0.109
0.108

0.067

0.073

0.075

0.094

0.118

0.075

0.082

0.083

0.096
0.119

0.030
0.042

0.097
0.107

0.115
0.115

0.076

0.106
0.130

0.106

0.113

0.123
0.123

0.088

0.115

0.143

0.085

48.6
52.9
39.8

64.1
59.2

61.9
493

823
78.6

49.0
523

722
70.7

1489.6
1500.0

928.9
1736.0
1569.9

1970.0
1450.0

2314.0
2216.3

14178.7
13600.0

8033.5
14996.0
135445

17400.0
13300.0

20268.0
17303.7

36.8

1DCOD [mi MWCOD [1 ODCOD [ CBM_NO kb CCS_SSE [deg]

163.8
166.0
140.5

162.0
178.0
175.7

312.0
3175

282.0
265.8

312.0

1712
173.0
128.8
183.0
179.6

3155
3181

1712
173.0
1125
181.0
1773

316.2
318.0

139.100

21.4

1.226

LR_CCS kg/s

0.720
3.478
1.487

3.420
49.488

0.670
75000000.000

4.339
5.607
3.087
12.270
157.414

13.114
16.632
5.252
31.420
474.287

0.810

1DCOD [mm]

0.306

0.39127

0.737
3.922

0.332
2955004.000

0.598
0.553

1.784
6.010

1.196
0.727

2.981
10.028

0.369

Interpolated

MWCOD [mm]

0.330
0.734
0.444

0.805
4.205

0.348
3121674.000

0.658
1.670
0.653
1.970
6.595

1317
3.340
0.872
3.314
11.068

0.396

0DCOD [mm]

0.353

0.49681

0.873
4.488

0.364
3248151.000

0.719
0.752

2.155
7.181

1.438
1.017

3.646
12.108

0.423

Comments

Results from ISAAC/LBBPipe

Results from FEM/ExcelSQUIRT. Values are given for LE analyses
Results from FEM/ExcelSQUIRT. Values are given for RO analyses
2¢ Margin: 2.29, BM Margin: 4.45

Results from FEM/ExcelSQUIRT. Only values from LE analyses are provided
Results from FEM/ExceISQUIRT. Only values from LE analyses are provided
RC: 0.817, 2c Margin: 3.34, BM Margin: 4.83, CBM SigB = 495 MPa

CCS is too long such that LR is not valid.

Results from FEM/ExcelSQUIRT. Only values from LE analyses are provided
Results from FEM/ExcelSQUIRT. Only values from LE analyses are provided
RC: 0.942, 2c Margin: 3.08, BM Margin: 4.30, CBM Sig8 = 440 MPa (/2)

CCS is too long such that LR is not valid.

ave. 6.983959
0.050626 st.dev. 0.353571
Results from ISAAC/LBBPipe. See report for description of this analysis; CCS is a
RC: 0.714, 2c Margin: 2.72, BM Margin: 4.36, CBM SigB = 447 MPa; OD WRS Cra

Results from ISAAC/LBBPipe
2c Margin: 3.62, BM Margin: 6.11

Not analyzed
RC: 0.856, 2c Margin:5.48, BM Margin: 5.33, CBM SigB = 624 MPa
CCS is too long such that LR is not valid.

Results from ISAAC/LBBPipe
2c Margin: 5.68, BM Margin: 5.98

Not analyzed
RC: 0.889, 2c Margin: 8.7 BM Margin: 6.69, CBM Sigh = 683 MPa
CCS is too long such that LR is not valid.

Results from ISAAC/LBBPipe. See report for description of this analysis

Interpolated

MWCOA [mmA2]

7.026494
6.512088

6.67119
6.737989
6.790494
6.943768
6.852901

7.684581
6.634158
7.420139
7.365823
7.163297
6.706682

7.492969
6.533398
7.223825
7.175873
7.175309
6.584242

2746233
9.229478

12.87095
11.55296
11.82855

12.1105
12.15324

14.24691
11.7961

12.48505
11.85486

17.5693
15.85552
16.39345
16.00652
16.47962

19.36737

16.2357

16.83853
15.89821

LCs [deg]
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1200

1000

LCS (deg)

1
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Participating
O izati Candu Energy Inc.

Reporting

Analyst Identification:
Date:

9-Sep-22 |

Min Wang

Codes and Procedures Used in Analysis (add space as needed)

Name and Version #

List any code or analysis limitiations for these
problems (e.g., utilizes flat-plate K-solutions)

ist any analysis assumptions

TTTeTy-UESTITIET™

analysis uses
L

approzCITTT:

T youTCoTeoT

con com

Briefly describe the approach used to incorporate WRS within the
evaluation

Provide any other comments related to your code capabilities or
evaluation approach that affects your results

COD Code(s) AP3 Version 1.0

1 Crack face pressure is 100%: customized to 50% for
benchmark problem.

2. No evaluation of LCS: customized to manually evaluate.
3. No evaluation of CBM: independently calculated using
EXCEL.

4. No evaluation for restraint condition: independently
calculated

Shape of crack opening is elliptical

Elastic COA solution for circumferential cracks in cylinder, Article

Leak Rate Code(s) LEAPOR-Candu

1. Not applicable to single phase steam
2. Code does not converge for some cases

Use SQUIRT (Excel version)

Crack Stability Code(s) AP3 Version 1.0

Material is ductile.

Net-section collapse is used.

WRS is not involved in crack stability.

Crack Morphology Modeling (add space as needed)

Briefly describe your crack morphology model
(if using a NUREG/CR-6004 type model, please just indicate this)

problems

List the crack morphology parameters, and
their values, that were used for these

COD dependentNUREG/CR-6400

NUREG/CR-6400

Quantitative Outputs

= e e e e e e e e
N B A T B
A EEaraE




Participating
Organization: CRIEPI

Codes and Procedures Used in Analysis (add space as needed)

o Reporting
Analyst Identification:
Vs | Date:

Sep. 30th, 2022

List any code or analysis | ions for these problems

Name and Version #

Calculations were made

(e.g., utilizes flat-plate K-solutions)
CRIEPI determined the COD under end restraint condition based on

List any analysis assumptions

Briefly describe the approach that your code or analysis uses.
to determine output variables (e.g., COD, CBM)
We detemined the Restrainted COD as follows:

Briefly describe the approach used to incorporate WRS within the evaluation

Provide any other comments related to your code capa
evaluation approach that affects your results

ies or

COD Code(s)

using Microsfot Excel.

the method given in PVP-Vol. 423, pp. 135-143 (2001).

In this paper, a simplified method to evaluate the COD of the cracked
pipe, that s restrained from rotation, was newly developed by use of
the statically indeterminate beam model with reduced-thickness
section.

1. Unrestrained COD is calculated by procedure written in DPS analysis. Here, we used load condition of free end restraint.
2. According to PVP-Vol. 423, pp. 135-143 (2001), the ratio of restrained COD to unrestrained COD is obtained.
3. Restrained COD is determined by multiplying unrestrained COD calculated at step 1 by the ratio obtained at step 2.

Leak Rate Code(s)

Crack Stability Code(s)

Crack Morphology Modeling (add space as needed)

Briefly describe your crack morphology model
(if using a NUREG/CR-6004 type model, please just indicate this)

List the crack morphology parameters, and their values, that were
used for these problems
(if using NUREG/CR-6004 type model, just indicate this)

Q Outputs
Under Accident
Analysis Characteristics Under Normal Operational (NO) Loading Loading Under Normal Operational (NO) Loading
NO + SSE N a
- ( ) Comments or Notes Pertaining to Analysis
y Pipe Wall Leak Rate For each LCS Crack For each unique CCS Crack

Analysis | Diameter | rpicknocs (LR WRS End

Number | o (kg Restraint LCS@LR 1COD WMWCOD GCoOD CBM @ constant NO axial force ccs R 1COD WMWCOD GCoOD

(0D, mm) | (mm) | (gpm)/(kgls) (2c in rads. or degs.) (mm) (mm) (mm) (kN-m) (2c in rads. or degs.) (kgls or gpm) (mm) (mm) (mm)

ERPCI 400 o 1(0.063) No Free 496 degs 0.0944 150 x 10° 173 degs. 89.0 gpm 1.67 mm

ERPC2 400 40 1(0.063) No ER1 547 doga. 0 O

ERPC3 800 8 110.083) No Free 31.5 degs. 0.102 1.36 x10° 173 degs. 264 gpm 3.34 mm

ERPC4 800 80 1(0.063) No ER1 342 dogs. 0 Qe

ERPCS 150 2 1(0063) No Free 76.5 degs 009 529 166 degs. 55.2 gom 0.734 mm

ERPCE 150 12 1(0.063) No ER1 538 dogs. OCED 8

ERPC7 150 12 1(0.063) No ER2 77.7 degs 0.0889 523

ERPC8
(Optional) 150 12 1(0.063) WRS3 ER1




Participating
Organization:

Kiwa

Analyst Identification:

A. Shipsha | Reporting

14.02.2024

Name and Version #

Codes and Procedures Used in Analysis (add space as needed)

List any code or anal

ysi
(e.9., utilizes flat-plate K-solutions)

ions for these problems
)

List any analysis assumptions

Briefly describe the approach that your code or analysis uses.
to determine output variables (e.g., COD, CBM)

Briefly describe the approach used to incorporate WRS within the evaluation

Provide any other comments related to your code capabilities or
evaluation approach that affects your results

COD Code(s)

See Kiwa report
regarding ERPC
analyses

Leak Rate Code(s)

See Kiwa report
regarding ERPC
analyses

See Kiwa report
regarding ERPC

Crack Stability Code(s) analyses

Crack Morphology Modeling (add space as needed)

Briefly describe your crack morphology model
(if using a NUREG/CR-6004 type model, please just indicate this)

List the crack morphology parameters, and their values, that were
used for these problems
(if using NUREG/CR-6004 type model, just indicate this)

Outputs
Under Accident
Analysis Characteristics Under Normal Operational (NO) Loading Loading Under Normal Operational (NO) Loading
NO + SSE
- ( ) Comments or Notes Pertaining to Analysis
. Pipe Wall Leak Rate For each LCS Crack For each unique CCS Crack

Analysis | Diameter |pickness (LR WRS End

Number Restraint LCS@LR 1COD MWCOD 0CoD CBM @ constant NO axial force ccs R 1COD WMWCOD GCoD

(0D, mm) | (mm) | (gpm)/(kgls) (2c in degs.) (mm) (mm) (mm) (kN-m) (2c in degs.) (kgls) (mm) (mm) (mm)

ERPC1 400 40 1(0.083) No Free 54.5 0.06882 0.08796 0.10710 928.9 128.8 3.087 0.55279 0.65252 0.75224 Results from ISAAC/LBBPipe

ERPC2 400 40 1(0.063) No ER1 Not analyzed

ERPC3 800 80 1(0.063) No Free 354 0.07482 0.09384 0.11286 8033.5 112.5 5.2523 0.72729 0.87215 1.01700 Results from ISAAC/LBBPipe

ERPC4 800 80 1(0.063) No ER1 Not analyzed

ERPC5 150 12 1(0.063) No Free 79.9 0.07272 0.08828 0.10383 39.8 140.5 1.487 0.39127 0.44404 0.49681 Results from ISAAC/LBBPipe

ERPC5_FEM 150 12 1(0.063) No Free. 82.6/82.2 0.07226/0.07323 0.08625/.08734 0.10023/0.10145 Not analyzed 162.0 Results from FEM. Values are given for LE/RO analyses
ERPC5* 150 12 1(0.083) WRS3 Free 85.7 0.09792 0.09132 0.08472 36.8 148.1/130.2* 0.81 0.36877 0.39580 0.42282 Results from ISAAC/LBBPipe. Thermal loads are treated as primary with fr
ERPCB 150 12 1(0.063) No ER1 120.9 0.05663 0.06489 0.07315 Not analyzed Results from FEM. Only values from LE analyses are provided
ERPCB* 150 12 1(0.063) No ER1 117.5 0.0576629 0.06627765 0.0748924 Not analyzed Results from FEM. Only values from LE analyses are provided
ERPC7 150 12 1(0.063) No ER2 107.1 0.06091 0.07131 0.08171 Not analyzed Results from FEM. Only values from LE analyses are provided
ERPCT7* 150 12 1(0.063) No ER2 104.7 0.06175 0.07245 0.08315 Not analyzed Results from FEM. Only values from LE analyses are provided
(g'::;:) 150 12 1(0.063) WRS3 Free 110.7 0.02219 0.02602 0.02985 33.3 182/159* 0.67 0.33245 0.34836 0.36427 Results from ISAAC/LBBPipe. See report for description of this analysis. B}
red values are averaged from ICOD and OCOD results

* analysis determined a complex crack shape with separate ID (148 for ERPC5* and 182 for ERPC8") and OD (130 for ERPC5" and 159 for ERPC8*). Values are shown in report figure as average values.

KIWA MWCOA 3.33559 mm"2 ERPC5
KIWA MWCOA 1.36220 mmA2 ERPC8
KIWA MWCOD 0.06371 mm ERPC8

expected value based on ERPC5 MWCOA




Participating
Organization:

Codes and Procedures Used in Analysis (add space as needed)

NRC

Reporting
Date:

Wallace Final

Name and Version #

List any code or analysis |
(e.g., utilizes flat-plate K-solutions)

ions for these problems

List any analysis assumptions

Briefly describe the approach that your code or analysis uses.
to determine output variables (e.g., COD, CBM)

Briefly describe the approach used to incorporate WRS within the evaluation

Provide any other comments related to your code capa
evaluation approach that affects your results

ies or

COD Code(s)

Leak Rate Code(s)

Crack Stability Code(s)

Crack Morphology Modeling (add space as needed)

Briefly describe your crack morphology model

(if using a NUREG/CR-6004 type model, please just indicate this)

List the crack morphology parameters, and their values, that were
used for these problems
(if using NUREG/CR-6004 type model, just indicate this)

Q Outputs
Under Accident
Analysis Characteristics Under Normal Operational (NO) Loading Loading Under Normal Operational (NO) Loading
NO + SSE N a
- ( ) Comments or Notes Pertaining to Analysis
y Pipe Wall Leak Rate For each LCS Crack For each unique CCS Crack
Analysis | Diameter | rpicknocs (LR WRS End
Number | o (kg Restraint LCS@LR 1COD WMWCOD GCoOD CBM @ constant NO axial force ccs R 1COD WMWCOD GCoOD
(0D, mm) | (mm) | (gpm)/(kgls) (2c in rads. or degs.) (mm) (mm) (mm) (kN-m) (2c in rads. or degs.) (kgls or gpm) (mm) (mm) (mm)
ERPC1 400 40 1(0.063) No Free 50.6 0.081 0.097 0.115 1736 183 12.27 1.784 197 2155 2 Margin: 3.62, BM Margin: 6.11
ERPC2 400 40 1(0.063) No ER1 575 0072 0.088 0.106 2314 RC: 0.856, 2 Margin:5.48, BM Margin: 5.33, CBM SigB = 624 MPa
ERPC3 800 80 1(0.063) No Free 318 0088 0102 0123 14996 181 3142 2981 3314 3646 2¢ Margin: 5.68, BM Margin: 5.98
ERPC4 800 80 1(0.063) No ER1 363 0076 0.094 0115 20268 RC: 0.889, 2 Margin: 8.7 BM Margin: 6.69, CBM SigB = 683 MPa
ERPC5 150 12 1(0.063) No Free 78.1 0.079 0.094 0.109 64.1 178 342 0.737 0.805 0.873 2c Margin: 2.29, BM Margin: 4.45
ERPCE 150 12 1(0.063) No ER1 905 0.069 0.081 0.094 823 RC: 0.817, 2 Margin: 3.34, BM Margin: 4.83, CBM SigB = 495 MPa
ERPC7 150 12 1(0.063) No ER2 914 0.07 0.083 0.096 722 RC: 0.942, 2¢ Margin: 3.08, BM Margin: 4.30, CBM SigB = 440 MPa (/2)
ERPCS = P 10083) D = 148 0120 0.085 0.042 743 312 7.50E407 ey rp— ey RC: 0,714, 2 Margin: 2.72, BM Margin: 4.36, CBM SigB = 447 MPa; OD WRS Crack closure;
(Optional) RC@CCS =0.017

RC = Restraint Coefficient
2¢ Margin: CCS(SSE) / LCS(NO)
BM Margin: Bmfail(LCS, 1.4xFaxSSE) / BM(SSE)




Gary Dominguez
Dilip Dedhia
Mo Uddin

Participating Structural Integrity
Organization: Associates, Inc.

Reporting
Date:

Analyst Identification: 12/8/2023

Codes and Procedures Used in Analysis (add space as needed)

Provide any other comments related to your code capa
evaluation approach that affects your results

Briefly describe the approach that your code or analysis uses.
to determine output variables (e.g., COD, CBM)

B List any code or analysis limitiations for these problems . B 5 N " : . "
Name and Version # (o0, utllioes Rat-plats Keolutions) List any analysis assumptions Briefly describe the approach used to incorporate WRS within the evaluation

The applicable range for the COD solution is R/t from 2 o 20, theta/Pl| Asummed axial force are not affected by end-restraint | S--C0 applies the GOD evaluation that is consistent with xLPR approach using elastic plastic solution.

COD Code(s) SI-LBB 1.015 Empirically calculated the restraint factor and multiplied to the applied moment to calculate the effective resultant moment. The output do not include MW COD since it is not needed for leakage crack size calculation in LEAPOR
from 0.05 t0 0.9 and n from 2 to 10 effect
COD calculation applies the effective resultant moment which varies per crack length,
-The flow is a steady state condition
-The flow is adiabatic
LEAPOR Version 1.1 module was used by SI-LBB. Any associated  |-The fluid at the crack entrance is a subcooled
limitation of the LEAPOR code applies to LCS calculation. See incompressible liquid SI-LBB applies the leak rate calculation using the LEAPOR code. The results from the COD module such as ICOD and OCOD
Leak Rate Code(s) SHLBB 1.015 " i
assumption section. -The fluid at the onset of vapor generation experiences |was used as an input to calculate the LCS.

an isentropic expansion
-Asummed axial force are not affected by end-restraint
effect.

-LBB.ENG2 code was developed based on the
of plasticity and thin-shell

behavior J-R tearing instability analysis was implemented to calculate the CCS.
LBB.ENG2 module was used by S-LBB. Any associated limitation of |-Itis assumed that the J-integral is obtained by the sum | Empirically calculated the restraint factor and multiplied to the applied moment o calculate the effective resultant moment.
Crack Stability Code(s) SHLBB 1.015 the LBB.ENG2 code applies to CCS calculation. See assumption [of an elastic part and the plastic part. Instabilty calculation applies the effective resultant moment which varies per crack length.
section. -Reference stress that is assumed to be equal to yield
stress CBM were calculated by increasing the applied moment incrementally until the given LCS reaches the instability

-Asummed axial force are not affected by end-restraint
effect

Crack Morphology Modeling (add space as needed)

Analysis Characteristics Under Normal Operational (NO) Loading Undf:;:;;::li;ent Under Normal Operational (NO) Loading
B Wall Leak Rate For each LCS Crack — For each unique CCS Crack Comments or Notes Pertaining to Analysis
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