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1.0 INTRODUCTION 

The purpose of this calculation is to reconcile the Class 1 fatigue evaluation of the High Pressure 
Injection Nozzle [1] considering the new piping loads due to the valves recently replaced at 
Oconee Unit 2 and planned for replacement at Oconee Unit 3.  

2.0 METHODOLOGY 

2.1 New Piping Loads 

The methodology of Reference I was used in recalculate the usage factor for the 40 year design 
life of the HPI nozzle with the new piping loads. The piping loads were extracted from the 
SUPERPIPE runs made by Duke Power Company personnel [2]. The output files were named 
"P25124N.GLA" and "P25315N.GLA" and were reflective of the piping problem numbers being 
run: (1) Problem 2-51-24, and (2) Problem 2-53-15. According to Duke personnel, these 
problem numbers correspond to the East Coolant Loop (Problem 2-53-15) which is the normal 
line, and the West Coolant Loop (Problem 2-51-24) which is the emergency line. These 
descriptions are consistent with the problem numbers and layouts given on the Reference 3 and 4 
drawings.  

According to Duke personnel, the emergency lines are more limiting -- this is consistent with 
conclusions made on page 23 of Reference 5. Therefore, the forces and moments from file 
"P25124N.GLA" were extracted for use in the stress and fatigue analyses. Based on Reference 6, 
the following load cases were extracted from the SUPERPIPE output file: 

Load Case Name Description 
FPTH Full Power thermal conditions.  
STRS Stratified Stress Conditions 
OBXY Horizontal earthquake (X-Y Direction).  
OBZY Horizontal earthquake (Z-Y Direction).  

From the Reference 3 drawing, nodes 175A and 300A represent the nozzle location in each leg of 
the West Coolant Loop.  

The SUPERPIPE output file [2] is extremely large and could not easily be printed. Therefore, 
the applicable portions of the file were "cut and pasted" into a separate file using a DOS editor.  
The resulting smaller file is listed in Appendix A. That file provides the necessary forces and 
moments.  

The forces and moments from Appendix A are summarized in Table 1 for the locations and load 
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cases under consideration. The maximum absolute value of the forces and moments is tabulated 

for subsequent use in the fatigue analysis.  

2.2 Fatigue Analysis 

A spreadsheet was used to recreate the original fatigue analysis (FATIGUE1.XLS). The new 

piping loads (full power thermal and OBE) were then substituted into the analysis to determine 

the new fatigue usage (FATIGUE2.XLS). For the new analysis, the OBE piping loads were 

analyzed without Deadweight, unlike the original analysis in which OBE+Deadweight was 

conservatively used. Consistent with the original fatigue analysis, the elastic-plastic correction 

factor, Ie, was determined from Figure F-105(a) of Reference 7 (reproduced in Figure 1). The 

fatigue curve for stainless steel from Reference 7 is reproduced in Figure 2. A program to 

interpolate the fatigue curve was used (FATIGUE.EXE) to obtain more exact results. A third 

analysis was conducted with the stratified stress condition loads to determine which would be 

more limiting (FATIGUE3.XLS). The full power thermal piping loads proved to be more 

limiting. The spreadsheets used for the analysis are reproduced in Appendices B-D and the 

reconciled fatigue usage is summarized in Table 2.  

3.0 RESULTS 

The reconciled 40 year fatigue usage for the HPI nozzle is 0.884.  
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Table 1 

Piping Loads for HPI Nozzle Analysis 
Loads Obtained from File "NOZZLE. TXT") 

Load Case = FPTH 
Multiplier [8] 1.102 Axial Y Z Torsional YY ZZ 

Node Force Force Force Moment Moment Moment 
No. (lbs) (lbs) (lbs) (ft-lbs) (ft-lbs) (ft-lbs) 

Nozzle 175A 204.54 -291.84 142.8 -188.07 611.03 2105.47 
Nozzle 300A 200.11 -71.87 -136.33 549.82 139.03 645.57 

Maximums 225.4031 321.6077 157.3656 605.9016 673.3551 2320.228 

Load Case = OBXY 
Axial Y Z Torsional YY ZZ 

Node Force Force Force Moment Moment Moment 
No. (Ibs) (Ibs) (lbs) (ft-lbs) (ft-lbs) (ft-lbs) 

Nozzle 175A 65.48 57.69 63.87 65.87 118.73 112.83 
Nozzle 300A 52.64 99.67 260.21 207.54 662 253.51 

Load Case = OBZY 
Axial Y Z Torsional YY ZZ 

Node Force Force Force Moment Moment Moment 
No. (lbs) (lbs) (lbs) (ft-lbs) (ft-lbs) (ft-lbs) 

Nozzle 175A 84.69 60.42 52.09 50.82 105.91 150.29 
Nozzle 300A 54.45 89.83 189.31 145.98 472.56 235.09 

Load Case = SRSS of OBXY and OBZY 
Axial Y Z Torsional YY ZZ 

Node Force Force Force Moment Moment Moment 
No. (Ibs) (lbs) (Ibs) (ft-lbs) (ft-lbs) (ft-lbs) 

Nozzle 175A 107.05 83.54 82.42 83.20 159.10 187.93 
Nozzle 300A 75.73 134.18 321.79 253.74 813.36 345.74 

Maximums 107.05 134.18 321.79 253.74 813.36 345.74 

Load Case = STRS 
Multiplier [8] 1.03 Axial Y Z Torsional YY ZZ 

Node Force Force Force Moment Moment Moment 
No. (Ibs) (Ibs) (lbs) (ft-lbs) (ft-lbs) (ft-lbs) 

Nozzle 175A 716.74 62.24 40.18 54.31 587.45 1560.22 
Nozzle 300A 353.56 -86.08 -315.48 -234.61 -210.72 540.44 

Maximums 738.2422 88.6624 324.9444 241.6483 605.0735 1607.027 
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TABLE 2 

Reconciled Fatigue Usage 

FigF16b 
Transient Pair Salt I N Nreq U 

Doz 188.09! 191f 401 0.209424 
Dpz 

Test7551 401 0.05298 
Zero LoadI 

A+OBE 261.191 - 1 00307 
B-OBE 1 

A BE 202.171 1591 401 0.251572 

BE 

1 

OB 9.9 
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FIGURE 1 
Elastic-Plastic Correction Factor, K, 
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4.0 REFERENCES 

1. B&W Calculation No. 32-1128224-02, Revision 2, "Revised HPI Nozzle Usage Factor," 
SI File No. DUKE- 11Q-263-B.  

2. E-mail transmittal from mflangel@dpcmail.dukepower.com (Duke) to Art Deardorff (SI), 
"fwd: PKZipped Files from G L Armentrout @ Oconee," 10/29/96, 9:50 am, SI File No.  
DUKE-11Q-263-I.  

3. Duke Power Co. Drawing, Calc. No. OSC-1323-06, Sheet 1 of 1, Rev. D19, "Reactor 
Building -- Unit 2, Piping Analysis Isometric, System 51, Problem 2-51-24, HPI West 
Coolant Loop/North & South Leg," pages: 6(1)30 and 6(1)31.1, 8/25/95, SI File No.  
DUKE-l lQ-262-2.  

4. a. Duke Power Co. Drawing, Calc. No. OSC-1324-06, Sheet 3 of 5, Rev. D18, ''Reactor 
Building -- Unit 2, Piping Analysis Isometric, System 53, Problem 2-53-15, HP Inj. Sys.  
East Coolant Loop N. Leg," page 62, 8/25/95, SI File No. DUKE- 1Q-262-2 

b. Duke Power Co. Drawing, Calc. No. OSC-1324-06, Sheet 4 of 5, Rev. D18, "Reactor 
Building -- Unit 2, Piping Analysis Isometric, System 53, Problem 2-53-15, HP Inj. Sys.  
East Coolant Loop S. Leg," page 63, 8/25/95, SI File No. DUKE-1 IQ-262-2 

5. B&W Document No. 51-1235058-00, "Fatigue Usage Summary," Release Date 11-8-94, SI 
File No. DUKE- 11Q-217.  

6. FAX transmittal from Geary Armentrout (Duke) to Gary Stevens (SI), 4 pages total, 11/8/96, 
SI File No. DUKE- I1Q-263-I.  

7. ASME Nuclear Power Piping, USAS B31.7 - 1969.1) 

8. E-mail transmittal from gla8363@pdrc.dukepower.com (Duke) to Denise Curd (SI), "HPI 
Emergency Injection Lines; Ec/Eh Values," 3/13/97, 4:32 pm, SI File No. DUKE-1 1Q-103, 
attached as Appendix E.  

Notes: (1) The Reference 1 analysis used the 1968 DRAFT edition. As this edition was 
not available, the 1969 Edition was used instead.  
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NOZZLE.TXT Sun Nov 24 12:47:58 1996 Page 

*SUPERPIPE*SUPERPIPE*SUPERPIPE*SUPERPIPE*SUPERPIPE*SUPERPIPE*SUPERPIPE*SUPERPIPE*SUPERPIPE* 
1IMPELL CORPORATION PAGE 1 

ERPIPE VERSION 22E 05/31/90; SYSTEM: IBM-VM/MVS 10-26-96 12:46:48 

OCONEE NUCLEAR STATION UNIT 2 
OSC-1323-06 REV 024 
PROBLEM 2-51-24 
AS-BUILD NSM ON-22975 CONFIGURATION 

RESPONSE SPECTRUM ANALYSIS NO. 1 (OBXY). FORCES, MOMENTS AND STRESSES ALONG PIPE RUNS (CONTD.) 

RUN SOP DCP COMP AXIAL Y Z TORS YY ZZ 
NAME NO. NAME TYPE FORCE FORCE FORCE MOMENT MOMENT MOMENT M/Z 

(LB) (LB) (LB) (LB.FT) (LB.FT) (LB.FT) (PSI) 

RUN1A 
81 160T VALV 52.83 45.88 49.03 60.58 49.18 120.44 N/A 
82 161 VALV 52.83 45.88 49.03 60.58 38.27 111.52 N/A 
83 162 VALV 52.8 45.92 49.09 60.58 34.23 107.63 N/A 
84 165 VALV 52.81 46.26 49.62 60.63 30.68 102.49 N/A 
85 167 VALV 52.82 46.30 49.69 60.63 32.51 96.40 N/A 
86L 170 VALV 65.35 57.34 63.19 65.87 70.88 98.30 N/A 
86W 170 AWTT 65.35 57.34 63.19 65.87 70.88 98.30 1011.31 
86R 170 STRP 65.42 57.61 63.65 65.87 70.88 98.30 1011.31 
87L 175A STRP 65.42 57.61 63.65 65.87 118.73 112.83 1294.38 
87R 175A STRP 65.48 57.69 63.87 65.87 118.73 112.83 563.36 
88L 1758 STRP 65.48 57.69 63.87 65.87 160.41 137.21 705.63 
88R 1758 NONS 65.48 57.69 63.87 65.87 160.41 137.21 N/A 
89L 175C NONS 65.48 57.69 63.87 65.87 188.50 156.83 N/A 
89R 175C NONS 65.48 57.69 63.87 65.87 188.50 156.83 N/A 
90 175D NONS 65.48 57.69 63.87 65.87 272.63 222.90 N/A 

RN2A 
134 280T VALV 61.23 82.50 240.59 191.51 69.21 52.18 N/A . 135 281 VALV 61.23 82.50 240.59 191.51 107.39 67.09 N/A 
136 282 VALV 61.24 82.58 240.67 191.51 137.26 76.41 N/A 

137 285 VALV 61.19 83.24 241.25 191.36 185.96 91.84 N/A 
138 287 VALV 61.19 83.32 241.32 191.36 262.33 116.50 N/A 
139L 290 VALV 52.47 99.15 259.57 207.54 434.38 168.03 N/A 
139W 290 AWTT 52.47 99.15 259.57 207.54 434.38 168.03 3738.48 
139R 290 STRP 52.56 99.58 260.06 207.54 434.38 168.03 3738.48 
140L 300A STRP 52.56 99.58 260.06 207.54 662.00 253.51 5415.58 
140R 300A STRP 52.64 99.67 260.21 207.54 662.00 253.51 2357.07 
141L 3008 STRP 52.64 99.67 260.21 207.54 841.98 321.77 2951.63 
141R 3008 NONS 52.64 99.67 260.21 207.54 841.98 321.77 N/A 
142L 300C NONS 52.64 99.67 260.21 207.54 960.50 366.86 N/A 
142R 300C NONS 52.64 99.67 260.21 207.54 960.50 366.86 N/A 

143 300D NONS 52.64 99.67 260.21 207.54 1310.14 500.21 N/A 

RESPONSE SPECTRUM ANALYSIS NO. 2 (OBZY). FORCES, MOMENTS AND STRESSES ALONG PIPE RUNS 

RUN SOP DCP COMP AXIAL Y Z TORS YY U 
NAME NO. NAME TYPE FORCE FORCE FORCE MOMENT MOMENT MOMENT M/Z 

(LB) (LB) (LB) (LB.FT) (LB.FT) (LB.FT) (PSI) 

RN1A 
81 160T VALV 66.14 51.67 41.95 48.52 40.32 141.68 N/A 
82 161 VALV 66.14 51.67 41.95 48.52 30.45 133.25 N/A 
83 162 VALV 66.15 51.72 42.00 48.52 26.70 129.70 N/A 
84 165 VALV 66.21 52.15 42.37 48.51 23.30 125.20 N/A 
85 167 VALV 66.22 52.20 42.41 48.51 24.99 120.29 N/A 
86L 170 VALV 84.24 60.02 51.79 50.82 62.78 129.33 N/A 
86W 170 AWTT 84.24 60.02 51.79 50.82 62.78 129.33 1117.93 
86R 170 STRP 84.48 60.34 52.04 50.82 62.78 129.33 1117.93 

87L 175A STRP 84.48 60.34 52.04 50.82 105.91 150.29 1398.58 
87R 175A STRP 84.69 60.42 52.09 50.82 105.91 150.29 608.72 

88L 1758 STRP 84.69 60.42 52.09 50.82 141.18 176.73 739.83 
88R 1758 NONS a4.69 60.42 52.09 50.82 141.18 176.73 N/A 
89L 175C NONS 84.69 60.42 52.09 50.82 164.60 197.10 N/A . 89R 175C NONS 84.69 60.42 52.09 50.82 164.60 197.10 N/A 
90 175D NONS 84.69 60.42 52.09 50.82 234.07 264.88 N/A 

SPrepared by- VT2-q I /9(~ 
Checked by: 
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RN2A 
134 28OT VALV 50.41 76.18 173.67 132.58 53.49 47.62 N/A 
135 281 VALV 50.41 76.18 173.67 132.58 72.92 61.97 N/A 
136 282 VALV 50.42 76.26 173.74 132.58 92.83 70.76 N/A 
137 285 VALV 50.51 76.86 174.24 132.45 126.73 85.21 N/A 
138 287 VALV 50.53 76.93 174.30 132.45 181.06 108.16 N/A 
139L 290 VALV 53.69 89.35 188.86 145.98 306.42 157.66 N/A 
139W 290 AWTT 53.69 89.35 188.86 145.98 306.42 157.66 2743.89 
139R 290 STRP 54.09 89.75 189.24 145.98 306.42 157.66 2743.89 
140L 300A STRP 54.09 89.75 189.24 145.98 472.56 235.09 4015.10 
140R 300A STRP 54.45 89.83 189.31 145.98 472.56 235.09 1747.53 
141L 300B STRP 54.45 89.83 189.31 145.98 603.75 296.75 2196.73 
141R 300B NONS 54.45 89.83 189.31 145.98 603.75 296.75 N/A 
142L 300C NONS 54.45 89.83 189.31 145.98 690.09 337.45 N/A 
142R 300C NONS 54.45 89.83 189.31 145.98 690.09 337.45 N/A 
143 3000 NONS 54.45 89.83 189.31 145.98 944.68 457.75 N/A 

STATIC ANALYSIS NO. 4 (FPTH). FORCES, MOMENTS AND STRESSES ALONG PIPE RUNS (CONTD.) 

RUN SOP DCP COMP AXIAL Y Z TORS YY ZZ 
NAME NO. NAME TYPE FORCE FORCE FORCE MOMENT MOMENT MOMENT M/Z 

(LB) (LB) (LB) (LB.FT) (LB.FT) (LB.FT) (PSI) 
RUN1A 

81 160T VALV 204.54 -291.84 142.80 -188.07 242.91 1353.14 N/A 
82 161 VALV 204.54 -291.84 142.80 -188.07 287.54 144.34 N/A 
83 162 VALV 204.54 -291.84 142.80 -188.07 309.10 1488.41 N/A 
84 165 VALV 204.54 -291.84 142.80 -188.07 341.09 1553.78 N/A 
85 167 VALV 204.54 -291.84 142.80 -188.07 388.68 1651.05 N/A 
86L 170 VALV 204.54 -291.84 142.80 -188.07 483.88 1845.62 N/A 
86W 170 AWTT 204.54 -291.84 142.80 -188.07 483.88 1845.62 15021.87 
86R 170 STRP 204.54 -291.84 142.80 -188.07 483.88 1845.62 15021.87 
87L 175A STRP 204.54 -291.84 142.80 -188.07 611.03 2105.47 17240.40 
87R 175A STRP 204.54 -291.84 142.80 -188.07 611.03 2105.47 7503.69 
88L 1758 STRP 204.54 -291.84 142.80 -188.07 710.69 2309.14 8263.98 
88R 175B NONS 204.54 -291.84 142.80 -188.07 710.69 2309.14 N/A 
89L 175C NONS 204.54 -291.84 142.80 -188.07 776.14 242.89 N/A 
89R 175C NONS 204.54 -291.84 142.80 -188.07 776.14 242.89 N/A 
90 175D NONS 204.54 -291.84 142.80 -188.07 968.77 2836.58 N/A 

RN2A 
134 280T VALV 200.11 -71.87 -136.33 549.82 490.47 460.29 N/A 
135 281 VALV 200.11 -71.87 -136.33 549.82 447.87 482.75 N/A 
136 282 VALV 200.11 -71.87 -136.33 549.82 427.28 493.61 N/A 
137 285 VALV 200.11 -71.87 -136.33 549.82 396.75 509.70 N/A 
138 287 VALV 200.11 -71.87 -136.33 549.82 351.31 533.66 N/A 
139L 290 VALV 200.11 -71.87 -136.33 549.82 260.42 581.58 N/A 
139W 290 AWTT 200.11 -71.87 -136.33 549.82 260.42 581.58 6594.37 
139R 290 STRP 200.11 -71.87 -136.33 549.82 260.42 581.58 6594.37 
140L 300A STRP 200.11 -71.87 -136.33 549.82 139.03 645.57 6732.76 
140R 300A STRP 200.11 -71.87 -136.33 549.82 139.03 645.57 2930.36 
141L 300B STRP 200.11 -71.87 -136.33 549.82 43.89 695.73 3027.70 
141R 3009 NONS 200.11 -71.87 -136.33 549.82 43.89 695.73 N/A 
142L 300C NONS 200.11 -71.87 -136.33 549.82 -18.59 728.67 N/A 
142R 300C NONS 200.11 -71.87 -136.33 549.82 -18.59 728.67 N/A 
143 300D NONS 200.11 -71.87 -136.33 549.82 -202.49 825.62 N/A 

LOAD CASE NO. 4 (STRS). FORCES, MOMENTS AND STRESSES ALONG PIPE RUNS (CONTD.) 

RUN SOP DCP COMP AXIAL Y Z TORS YY U 
NAME NO. NAME TYPE FORCE FORCE FORCE MOMENT MOMENT MOMENT M/Z 

(LB) (LB) (LB) (LB.FT) (LB.FT) (LB.FT) (PSI) 
(LB) (LB) (LB) (LB.FT) (LB.FT) (LB.FT) (PSI) 

RN1A 
81 160T VALV 716.74 62.24 40.18 54.31 481.56 1721.80 N/A 
82 161 VALV 716.74 62.24 40.18 54.31 494.40 1702.21 N/A 
83 162 VALV 716.74 62.24 40.18 54.31 500.60 1692.75 N/A 
84 165 VALV 716.74 62.24 40.18 54.31 509.80 1678.71 N/A 
85 167 VALV 716.74 62.24 40.18 54.31 523.49 1657.82 N/A 
86L 170 VALV 716.74 62.24 40.18 54.31 550.88 1616.03 N/A 
86W 170 AWTT 716.74 62.24 40.18 54.31 550.88 1616.03 12524.34 
86R 170 STRP 716.74 62.24 40.18 54.31 550.88 1616.03 12524.34 

47.2 NAi
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87L 175A STRP 716.74 62.24 40.18 54.31 587.45 1560.22 12229.80 
87R 175A STRP 716.74 62.24 40.18 54.31 587.45 1560.22 5322.88 
88L 1759 STRP 716.74 62.24 40.18 54.31 616.12 1516.48 5226.27 
88R 175B NONS 716.74 62.24 40.18 54.31 616.12 1516.48 N/A 
89L 175C NONS 716.74 62.24 40.18 54.31 634.94 1487.75 N/A 
89R 175C NONS 716.74 62.24 40.18 54.31 634.94 1487.75 N/A 
90 1750 NONS 716.74 62.24 40.18 54.31 690.36 1403.20 N/A 

RN2A 
134 280T VALV 353.56 -86.08 -315.48 -234.61 654.56 308.76 N/A 
135 281 VALV 353.56 -86.08 -315.48 -234.61 549.67 336.84 N/A 
136 282 VALV 353.56 -86.08 -315.48 -234.61 498.99 350.41 N/A 
137 285 VALV 353.56 -86.08 -315.48 -234.61 423.80 370.54 N/A 
138 287 VALV 353.56 -86.08 -315.48 -234.61 311.93 400.50 N/A 
139L 290 VALV 353.56 -86.08 -315.48 -234.61 88.15 460.41 N/A 
139W 290 AWTT 353.56 -86.08 -315.48 -234.61 88.15 460.41 3843.41 
139R 290 STRP 353.56 -86.08 -315.48 -234.61 88.15 460.41 3843.41 
140L 300A STRP 353.56 -86.08 -315.48 -234.61 -210.72 540.44 4587.65 
140R 300A STRP 353.56 -86.08 -315.48 -234.61 -210.72 540.44 1996.72 
141L 3008 STRP 353.56 -86.08 -315.48 -234.61 -444.97 603.16 2506.28 
141R 3009 NONS 353.56 -86.08 -315.48 -234.61 -444.97 603.16 N/A 
142L 300C NONS 353.56 -86.08 -315.48 -234.61 -598.80 644.35 N/A 
142R 300C NONS 353.56 -86.08 -315.48 -234.61 -598.80 644.35 N/A 
143 3000 NONS 353.56 -86.08 -315.48 -234.61 -1051.60 765.58 N/A
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Table 1 

Primary + Secondary Stress Intensities 
At Juncture #8 

Thermal Expansion Stress Report Total Stress 

Iteration I Pressure Stress Stress Thermal Stress Intensity (ksi) 
I Inside Outside Inside Outside inside lOutsidel Inside Outside 

3 2200 4.84 1.32 13.63 19.24 63.7 -58.2 82.17 -37.64 
6 2200 4.84 1.32 13.63 19.24 77.5 -70.8 95.97 -50.24 

Test 8 2200 4.84 1.32 13.63 1924 78.8 -71.9 97.27 -51.34 
40 Cycles 15 2200 4.84 1.32 13.63 19.24 69.3 -63 87.77 -42,44 

30 2200 4.84 1.32 13.63 19.24 -7.7 -6.9 26.17 13.66 
1211 2200 4.84 1.32 13.63 19.24 -0.4 0.3 18.07 20.86 

Heatup 1491 2200 4.84 1.32 13.63 19.24 0 0 18.47 20.56 
240 Cycles 42021 2200 4.84 1.32 13.63 19.24 0 0 18.47 20.56 

27976 2200 4.84 1.32 13.63 19.24 -0.7 0.6 17.77 21.16 
5060 2200 4.84 1.32 13.63 19.24 86 -78.3 104.47 -57.74 
5063 2200 4.84 1.32 13.63 19.24 73.1 -66.8 91.57 -46.24 
5072 ~ ,2200 4.84 1.32 13.63 19.24 97.9 -89.3 116.37 -6874 

Rapid Dprz 5124 2100 4.62 1:26 13.63 19.24 33 -29.7 5125 -9.20 
40 Cycles 5237 1800 3.96 1:08 13.63 19.24 115 ,,-10.4 29.09 9.92 

6059 1000 2.2 . 0.6 13.63 19.24 0.4 - -0.4 16.23 19.44 
607 800 1.76 048 000 000 0.4 -0.4 2.16 .0.08 
6338 700 1.54 0.42 . 0.00 - 0.00 -7.7 7 -6.16 -7.42 
6850 600 1.32 ;0.36 0.00 0.00 -35 ,3.1 -2.18 3.46 
A 1500 3.3 0.9 13.63 19.24 103.7 -94.6 120.63 -74.46 
B 1100 2.4 0.7 0.00 0.00 -8.7 7.9 -6.30 8.60 

OBE 0 0 0 0.00 0.00 0 0 1.24 1.76 
2OBE 0 0 0 0.00 0.00 0 0 2.49 3.51 

HPI Loads Thermal Expansion OBE 

Fx (lb) -255 31_ 

Fy (lb) -365 -264 
Fz (Ib) -111 73_ 

Mx (ft-Ib) 2226 186 

My (ft-Ib) -914 161 

Mz (ft-Ib)I -1043 -106: 

Prepared by: 
Checked by: 1 

File No: 7t46-1/O -3S ev: 
Page RI- of 
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Table 2 

Peak Stress Intensities 
At Juncture #8 - Inside 

!Thermal Stress Report 
I Pressure Expansion Thermal [Total 

Iteration IPressure Stress Stress Stress Stress (ksi) Iteration 

Test 3 2200 5.5 1744 109 13194 Test 
Test 6 2200 5.5 17.44 115 131.94 Test 
Test 8 2200 5.5 17.44 113.3 13624 Test 
Test 15 2200 5.5 17.44 95 117.94 Test 
Test 30 2200 5.5 17.44 8.7 31.64 Test 
Test 1211 2200 5.5 17.44 -0.4 22.54 Test 
Heatup 1491 2200 5.5 17.44 0 22.94 Heatup 
Heatup 42021 2200 5.5 17.44 0 22.94 Heatup 
Heatup 27976 2200 5.5 17.44 -0.8 22.14 Heatup 
Dpz 5060 2200 5.5 17.44 147.4 170.34 Dpr 
Dpz 5063 2200 5.5 17.44 143.3 16624 Dpz 
Dpz 5072 2200 ,5.5 '17.44 117.3 14024 Dpz 
Dpz 5124 . 2100 5.25 17.44 39,9 - 62.59 Dpz 
Dpz 5237 1800 4.5 17.44 14.2 36.14 Dpz 
pz6059 1000 2.5 17.44 0.5 20.44 Dpz: 

Opz 6307 '800 2 '0.00 0.5- 250 Dpz 
Dpz ~ 6338 700 1.75 -0.00 9.6 -7.85 Dpz 
D pz 6850 600 1.5, 0.00 41.3 0.20 Dpr 

A 1500 3.8 17.44 156.24 177.48 A 
B 1100 2.75 0.00 -10.81 -8.06 B 

OBE 0 0 0.00 0 1.59 OBE 
I 20BE 0 0 0.00 0 3.18 20BE 

FATIGUE1.XLS



Maximum Peak Stress Intensity Range 
IValue Transient 

Max 170.34 Dpz 
Min -7.85 Dpz 

Peak (ksi) 178.19! 

1I 
Corresponding Primary + Bending Range | 

!inside IOutside 

Max 116.37! -68.73981 

Min -6.161 7.421 

Mem+Ben 122.531 

3Sm 51.301 1 

Mem+Ben >3Sm _ _ I 
Kf 1.77[ 

Sn/3Sm .2.391 
la: Om 23.811 
la: Qb 92.551 

lb:Qm | 0.631 

lb: Qb -6.791 

Om/Qm+Qb 0.191 

-From Fig. F-105(a) 

IQm/Qm+Qb 21 

ISn/3Sm 141 

Ke 1.821 

Sa (no E) 197.941 

Salt 189.691 

FATIGUE1.XLS



ISecond Maximum Peak Stress Intensity Range 
I Value iteration T_ 

Max 137.94FTest 
Min 0.00 Zero Load 

Peak (ksi) 137.941 

Corresponding Primary + Bending Range _ 
I Inside Outside IIteration | 

Max 1 97.27 -51.3398 8 

_ Min 0.00 0 0 

1 Mem+Ben 97.271 

3Sm 51.301 

I Mem+Ben >3Sm 1 
Kf 1.711 
Sn/3Sm 1.901 

I la: Qm 22.961 

la: Ob 74.301 

_ lb: Om 0.001 

I lb: Ob 0.001 

Qm/Qm+Qb 0.241 

From Fig. F-105(a) 

Qm/Qm+C 26 

Sn/3Sm 92 

Ke 1.51j 

ISa (no E) 125.891 

Salt 120.871 
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IHPI - OBE Maximum Peak Stress Intensity Range I 
I Value Iteration 

Max 179.081A+OBE | 

IMin -9.65 B-OBE 

IPeak (ksi) 188.731 

I Corresponding Primary + Bending Range 
I_ _ I_ Inside Outside Iteration 

I Max 1 121.871 -72.70 A+OBE 
I Min F -7.54 6.84 B-OBE 

Mem+Ben 129.421 

3Sm I 51.301 

1Mem+Ben >3Sm 

Kf 1 1.78 

Sn/3Sm I 2.52 

la: Qm 24.58 

la: Qb 97.29, 

1 lb: Om -0.351 

_lb:Qb -7.191 

Om/Qm+Qb 1 0.19 

I From Fig. F-1 05(a) 

Qm/Qm+C 22 

Sn/3Sm 155 

lKe 1.93.  

JSa (no E) 222.17 
Salt 213.55 

FATIGUE1.XLS



HPI Maximum Peak Stress Intensity Range i 

Value Iteration 

Max 177.481A 

Min -8.061B | 

Peak (ksi) 185.54 | 

ICorresponding Primary + Bending Range 
I 'Inside Outside Iteration | 
Max 120.63 -74.46 A 

Min -6.30 8.60 B 

Mem+Ben 126.93 

3Sm 51.30 

Mem+Ben >3Sm 

Kf 1.791 

Sn/3Sm 2.47 

" : Om 23.08 

la: Qb 97.54 

lb: Qm 1.15 

lb:Qb -7.45 

|Qm/Qm+Qb 0.171 

I From Fig. F-105(a) 

I_ m/Qm+C 20 

'Sn/3Sm 150 
Ke 1.88 

Sa (no E) i 212.821 
!Salt 204.561 
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OBE Maximum Peak Stress Intensity Range 
Value Ilteration _! __ 

Max | 1.5910BE _ 

Min -1.5910BE 

Peak (ksi) 3.181 

!Corresponding Primary + Bending Range 
I_ _ I_ _ Inside Outside Iteration 
I Max 1.241 1.7610BE 
Min -1.241 -1.7610BE I 
Mem+Ben 2.491 

3Sm 51.301 
Mem+Ben < 3Sm I 

Sa (no E) 1.591 

[Salt 1.611 

FATIGUE1.XLS



TransientINreq 

A 40 
A+OBE 30 
Dpz 40 
OBE | 610 
Test 1 40 

FATIGUE1.XLS



Fig F-1 06(b) O Transient Pair Salt N Nreq U 
Dpz 189.691 180' 40 0.222222 

Dpz 

Test 120.871 750 401 0.053333 
Zero Load 

A+OBE 213.55 145 30 0.206897 
B-OBE 

A 204.56 155 40 0.258065 
B 

OBE 1.61 1.OOE+21 610 6.1E-19 
OBE 

Total Usage 0.740517 
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APPENDIX C 

Reconciled Nozzle Fatigue Analysis 
(with Full Power Thermal Piping Loads) 

(9 Pages total) 

Revision 0 

Preparer/Date 1/26/96 i I 

Checker/Date 1 i/U/ A V 

File No. DUKE-11Q-303-5 Page No. CO of C9



Table 1_| 

Primary + Secondary Stress Intensities 
At Juncture #8 1 

Thermal Expansion Stress Report }Total Stress 
IIteration Pressure IPressure Stress Stress Thermal Stress Intensity (ksi) 

Inside Outside Inside 1 Outside inside Outside Inside Outside 
3 2200 4.84 1.32 12.94 18.27 63.7 -58.2 81.48 -38.61 
6 2200 4.84 1.32 12.94 18.27 77.5 -70.8 95.28 -51.21 

Test 8 2200 4.84 1.32 12.94 18.27 78.8 -71.9 96.58 -52.31 
40 Cycles 15 2200 4.84 1.32 12.94 18.27 69.3 -63 87.08 -43.41 

30 2200 4.84 1.32 12.94 18.27 7.7 -6.9 25.48 12.69 
1211 2200 4.84 1.32 12.94 18.27 -0.4 0.3 17.38 19.89 

Heatup 1491 2200 4.84 1.32 12.94 18.27 0 0 17.78 19.59 
240 Cycles 42021 2200 4.84 1.32 12.94 18.27 0 0 17.78 19.59 

27976 2200 4.84 1.32 12.94 18.27 -0.7 0.6 17.08 20.19 
5060 2200 4.84 1.32 12.94 18.27 86 -78.3 103.78 -58.71 
5063 2200 4.84 1.32 12.94 1827 73.1 -66.8 90.88 -47.21 
5072 2200 484 1.32 12.94 ",1827 97.9 -89.3 115.68 -69.71 

RapidDprz 5124 2100 4.62 1.26 J2.94 :18.27 , 33 -29.7 50.56 -10.17 
40 Cycles 5237 1800 3.96 1.08 12.94 18.27 ' 11.5 -10.4 28.40 8.95 

6059 1000 2.2 ,0:.6 42.94 1827 0.4 -0.4 15.54, 18.47 
6307 800 1.76 0.48 0.00 0.00 '0.4 -0.4 2.16 0.08 
6338 700 1:54 0. 42 0.00 0.00 -7.7 7 - -6.16 7.42 
6850 600132 0.36 -0.00 .0.00 '-35 3.1 -2.18 3.46 
A 1500 3.3 0.9 12.94 18.27 103.7 -94.6 119.94 -75.43 
B 1100 2.4 0.7 0.00 0.00 -8.7 7.9 -6.30 8.60 

OBE 0 0 0 0.00 0.00 0 0 7.70 10.87 
20BE 0 0 0 0.00 0.00 0 0 15.39 21.73 

HPI Loads Thermal Expansion OBE 

Fx (lb) 228.4 107.05 
Fy (lb) 321.61 134.18, 
Fz (Ib) 157M.37_321.79.  

Mx (ft-Ib) 6059 253.74 

My (ft-lb) 673.36 1615.2 

Mz (ft-Ib) 2320.23 678.05 

Prepared by: 1/ 
Checked by: J 
File No: __________ 

Page CI of 
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Table 2 1_1__ 

Peak Stress Intensities 
At Juncture #8 - Inside 

Thermal Stress Report 

Pressure Expansion Thermal Total 

Iteration Pressure I Stress Stress Stress Stress (ksi) Iteration 

Test 3 2200 5.5 16.56 109 131.06 Test 
Test 6 2200 5.5 16.56. 115 137.06 Test 
Test 8 2200 5.5 16.56 113.3 135.36 Test 
Test 15 2200 5.5 16.56 95 117.06 Test 
Test 30 2200 5.5 16.56 8.7 30.76 Test 
Test 1211 2200 5.5 16.56 -0.4 21.66 Test 
Heatup 1491 2200 5.5 16.56 0 22.06 Heatup 
Heatup 42021 2200 5.5 16.56 0 22.06 Heatup 
Heatup 27976 2200 5.5 16.56 -0.8 21.26 Heatup 
Dpz 5060 2200 55 16.56 147.4 169.46 Dpz 
Dpz 5063 2200 5.5 16.56 143.3 165.36 Dpz 
Dpz 5072. 2200 5.5 .16.56 117.3 139.36 Dpz 
Dpz, 5124 2100 525 16.56 39.9 61.71 Dpz 
Dpz 5237 1800 4.5 16.56 14.2 35.26 Dpz 
Dpz 6059 1000 2.5 16.56 0.5 19.56 Dpz 
Dpz 6307 2800 0.00, 0.5 2.50 Dpz 
Dpz - 6338 700 1.75k 0.00 , -9.6 -7.85 Dpz 
Dpz 6850 600 1.5 :0.00 -1.3 020 Dpz 

A 1500 3.8 16.56 156.24 176.60 A 
B 1100 2.75 0.00 -10.81 -8.06 B 

OBE 0 0 0.00 0 9.85 OBE 
20BE 1 01 01 0.00 01 19.71 20BE 
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Maximum Peak Stress Intensity Range |_ | | 

Value Transient I 

Max 169.46 1Dpz 

Min | -7.85 Dpz 

Peak (ksi) 177.311 

Corresponding Primary + Bending Range 

Inside Outside I 

Max 115.681 -69.70981 
Min -6.16 7.42 
Mem+Ben 121.84 

3Sm [ 51.30 

Mem+Ben >3Sm 

Kf 1.77 
Sn/3Sm 2.38 

la: Qm 22.99 

la: Qb 92.70 
lb: Qm 0.63 

lb: Qb -6.79 

Om/Qm+Qb{ 0.18 

From Fig. F-105(a) 

Qm/Qm+Qb 21 

Sn/3Sm 140 
Ke 1.82 

Sa (no E) 196.26 
Salt 1 188.09_ 

FATIGUE2.XLS



Second Maximum Peak Stress Intensity Range 

Value Iteration 

Max 137.06jTest I 
Min 0.00 1Zero Load 

Peak (ksi) 137.061 

I Corresponding Primary + Bending Range | 

I_ _ _Inside |Outside Iteration | 

j Max 96.58 -52.3098 81 

1 Min 0.00 0F 01 

Mem+Ben 96.58 

3Sm 51.30 

Mem+Ben >3Sm 
_Kf 1.71, 

Sn/3Sm 1.881 

la: Om 22.14 

la: Ob 74.45 

lb: Om 0.00 

_lb: Qb 0.00 

Om/Qm+Qb 0.231 

From Fig. F-105(a) 

Qm/Qm+C 25 

Sn/3Sm 91 

Ke 1.50 

Sa (no E) 124.16, 

Salt 119.211 
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IHPI - OBE Maximum Peak Stress Intensity Range 

'Value Iteration 

IMax 186.461A+OBE 
IMin -17.91 IB-OBE 

Peak (ksi) 204.371 

I Corresponding Primary + Bending Range 

| Inside Outside Iteration 

Max 127.641 -64.561A+OBE 
I Min -14.001 -2.27 B-OBE 

I Mem+Ben 141.641 

3Sm 51.301 

fMem+Ben >3Sm_ 

[Kf 1.75 

fSn/3Sm 2.76 

la: Qm 31.54 

la: Ob 96.10 
lb:Qm -8.13 

lb: Ob -5.87 

_ Om/Qm+Qb 0.28 

I From Fig. F-i 05(a) 

Qm/Qm+C 311 
Sn/3Sm 179 

Ke 2.191.  

ISa (no E) 271.741 

I Salt 261.191 

FATIGUE2.XLS



| HPI Maximum Peak Stress Intensity Range I I 

| Value Iteration 

_ Max 176.60 A 
Min (s-8.061 B 
Peak (ksi) 184.661 

Corresponding Primary + Bending Range | 
I _ Inside |Outside Iteration 

Max 1 119.941 -75.431 A 

Min -6.301 8.601 B 

Mem+Ben 126.241 

13Sm 51.301 

Mem+Ben >3Sm I 
Kf 1.791 
ISn/3Sm 2.461 

la: am 22.261 

la: Qb 97.691 

lb: Om 1.15 

lb: Ob -7.45{ 

Om/Om+Qb 0.17 

From Fig. F-105(a) 

Qm/Qm+C 19_ 

Sn/3Sm 1491 

Ke 1.86 

Sa (no E) 210. 33 

Salt 202.171 
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OBE Maximum Peak Stress Intensity Range 
| _ Value I Iteration | 

|Max 9.85 OBE I 

I Min -9.85 OBE 

Peak (ksi) 19.71 

Corresponding Primary + Bending Range 
Inside Outside Iteration | 

Max 7.701 10.87 OBE i _ 

Min -7.70 -10.87 OBE | 
Mem+Ber 15.39 I 

3Sm 1 51.30 
Mem+Ben < 3Sm 

Sa (no E) 9.85 

Salt 9.95 

FATIGUE2.XLS 

_ _ I _ _ _-_



Transient iNreq 

A J 40 
A+OBE 30 
Dpz 40 
OBE 610 
Test 40 

FATIGUE2.XLS



I Fig F-106(b) | 
Transient Pair Salt N Nreq IU 
Dpz 188.091 191| 4010.209424 
Dpz 

Test 119.211 7551 40 0.05298 
Zero Load 

A+OBE 1 261.191 811 30 0.37037 
B-OBE 

A 202.171 1591 40 0.251572 

OBE 9.951 1.0E+21 610 6.1E-19 
OBE 

Total Usage 0.884347 
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APPENDIX D 

Reconciled Nozzle Fatigue Analysis 
(with Stratified Stress Piping Loads) 

(9 Pages total) 
/DAG 

Revision 0 

Preparer/Date I1/26/96 t). q1 41 

Checker/Date 1 ii/ufw q __I 

File No. DUKE-11Q-303-5 Page No. _DL of .



Table 1 

Primary + Secondary Stress Intensities 

At Juncture #8 

!Thermal Expansion Stress Report Total Stress 
I Iteration Pressure Pressure Stress Stress Thermal Stress Intensity (ksi) 

I Inside Outside inside I Outside Inside Outsidel Inside Outside 
3 2200 4.84 1.32 9.05 12.77 63.7 -582 77.59 -44.11 
6 2200 4.84 1.32 9.05 12.77 77.5 -70.8 91.39 -56.71 

Test 8 2200 4.84 1.32 9.05 12.77 78.8 -71.9 92.69 -57.81 
40 Cycles 15 2200 4.84 1.32 9.05 12.77 69.3 -63 83.19 -48.91 

30 2200 4.84 1.32 9.05 12.77 7.7 -6.9 21.59 719 
1211 2200 4.84 1.32 9.05 12.77 -0.4 0.3 13.49 14.39 

Heatup 1491 2200 4.84 1.32 9.05 12.77 0 0 13.89 14.09 
240 Cycles 42021 2200 4.84 1.32 9.05 12.77 0 0 13.89 14.09 

27976 2200 4.84 1.32 9.05 12.77 -0.7 0.6 13.19 14.69 
5060 2200 4.84 1.32 9.05 12.77 86 -78.3 99.89 -64.21 
5063 2200 4.84 1.32 9.05 12.77, 73.1 -66.8 86.99 -52.71 
5072 2200 4.84 1.32 9.05 12.77 97.9 -89.3 111.79 -75.21 

Rapid Dprz 5124 2100 4.62 1.26 9.05 12.77 33 -29.7 46.67 -15.67 
40 Cycles 5237 1800 3.96 1.08 9.05 12.77 11.5 -10.4 24.51 -3.45 

6059 1000 2.2 0.6, 9.05 12.77 0.4 -0.4 11.65 12.97 
6307 800 1.76 0.48 0.00 0.00 '0.4 -04 2.16 0.08 
6338, 700 1.54 0.42 "0.00 0.00 -7.7 1 7 -6.16 7.42 

S6850 600 1.32 0.36 0.00 0.00 -3.5 3.1 -2.18 3.46 
A 1500 3.3 0.9 9.05 12.77 103.7 -94.6 116.05 -80.93 
B 1100 2.4 0.7 0.00 0.00 -8.7 7.9 -6.30 8.60 

OBE 0 0 0 0.00 0.00 0 0 7.70 10.87 
20BE 0 0 0 0.00 0.00 0 0 15.39 21.73 

HPI Loads Thermal Expansion JOBE 

Fx (lb) 738.24 107.05 

Fy (Ib) 88.66 '134.18 

Fz (Ib) 324.94 321.79 

Mx (ft-lb) 241.65 253.74 

My (ft-Ib) 605.07 1615.2 

Mz (ft-Ib) 1607.03 678.05 

SPrepared by: O'heckec; by: 
~Rev: 

P age ~o 
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Table 2 | 

) __Peak Stress Intensities 

At Juncture #8 - Inside 

Thermal e Stress Report 
Pressure! Expansion IThermal ITotal 

Iteration Pressure iStress Stress Stress Stress (ksi) IIteration 

Test 3 2200 55 11.58 .109 126.08 Tst 
Test 6 2200 - 5.5 1158 115 132.08 Test 
Test 8 2200 5.5 11.58 113.3 130.38 test 
Test 15 2200 5.5 11.58 95 112.08 Test 

Test 30 2200 5.5 11.58 8.7 25.78 Test 

Test 1211 2200 5.5 11.58 -0.4 16.68 Test 

Heatup 1491 2200 5.5 11.58 0 17.08 Heatup 

Heatup 42021 2200 5.5 11.58 0 17.08 Heatup 

Heatup 27976 2200 5.5 11.58 -0.8 16.28 Heatup 
Dpz 5060 2200 5.5 11.58 147.4 164.48 Dpz 
Dpz 5063 2200 5.5 11.58 143.3 160.38 Dpz 
Dpz 5072 2200 5.5 11.58 117.3 134.38 Dpz 
Dpz 5124 2100 5.25 11.58 39.9 56.73 Dpz 
Dpz 5237 1800 4.5 11.58 142 30.28 Dpz 
Dpz 6059 1000 2.5 11.58 0.5 14.58 Dpz 
Dpz 6307 800 2 0.00 0.5 2.50 Dpz 
Dpz 6338 700 1.75 0.00 -9.6 -7.85 Dpz 
Dpz 6850 600 1.5 0.00 -1.3 0.20 Dpz 

A 1500 3.8 11.58 156.24 171.62 A 
B 1100 2.75 0.00 -10.81 -8.06 B 

OBE 0 0 0.00 0 9.85 OBE 

I 20BE 0 0 0.00 0 19.71 20BE 
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Maximum Peak Stress Intensity Range i 

Value ITransient I 

Max 164.48 Dpz I 
Min -7.85 Dpz 

Peak (ksi) 172.33 

Corresponding Primary + Bending Range 
Inside |Outside 1 

Max 111.79 -75.20741 
Min -6.161 7.42 
Mem+Ben 117.95 7 
3Sm 51.30 

Mem+Ben >3Sm 
Kf 1.78 
Sn/3Sm 2.30[ 

la: Om 18.29 

la: Qb 93.50 
lb: Om 0.63 

lb: Ob -6.79 I 

Om/Qm+QbI 0.15 

_From Fig. F-1 05(a) 

JQm/Qm+Qb 17 

Sn/3Sm 132 

Ke 1.74 

Sa (no E) 182.58_ 

Salt 1 174.981 

FATIGUE3.XLS



Second Maximum Peak Stress Intensity Range I 

Value Iteration | 

Max 132.08 Test 
I Min 0.00 Zero Load 

I Peak (ksi) 132.081 

Corresponding Primary + Bending Range 
inside Outside Iteration 

Max 92.691 -57.8074 8_ 

Min 0.00 0 01 

Mem+Ben 92.69 1 

3Sm 51.301 

Mem+Ben >3Sm _ I 

IKf 1 1.72 

Sn/3Sm 1.81 

la: Qm | 17.44 

la: Qb 75.25 

lb: Om 1 0.001 

lb: Qb 0.00 

I Qm/Qm+Qb . 0.19 

I From Fig. F-105(a) 
IQm/Qm+C 21 
Sn/3Sm 83 

Ke 1.43 

Sa (no E) 114.11 

Salt 109.56 
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I HPI - OBE Maximum Peak Stress Intensity Range _ 

!Value Iteration I 

Max 181.471A+OBE I 
I Min -17.911B-OBE 

| Peak (ksi) 199.391 

Corresponding Primary + Bending Range 

| Inside | Outside !Iteration 
I Max 123.741 -70.061A+OBE 

I Min -14.00 -2.27IB-OBE 
IMem+Ben 1 137.74[ 

|3Sm 1 51.30_ 

_ Mem+Ben >3Sm 

Kf 1.761 

Sn/3Sm 2.691 

| la: Qm 26.841 

la: Qb 96.901 
lb: Qm I -8.13T 

l b: Ob 1 -5.87 

Qm/Qm+Qb 0.25 

_From Fig. F-105(a) I 

Qm/Qm+0 281 

Sn/3Sm 1711 

IKe 2.10.  

Sa (no E) 254.81, 
Salt 244.921 
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HPI Maximum Peak Stress Intensity Range I 

IValue Iteration 

Max 171.621 A 

Min -8.061 B 

Peak (ksi) 179.681 

Corresponding Primary + Bending Range 
Inside Outside Iteration | 

Max 116.05 -80.931A 

Min 1 -6.30 8.601 B 

IMem+Ben 122.35 | 

3Sm 51.30 | 

Mem+Ben >3Sm 

Kf 1.80 

Sn/3Sm T -2.38 

la: Qm 17.56 

la: Qb 98.49 

lb: Qm 1.15 

i b: Ob -7.45 

|Om/Qm+Qb 0.13 

From Fig. F-1 05(a) 

FQm/Qm+C 16 

Sn/3Sm 141 

Ke 1.79 

ISa (no E) 196.791 

I Salt 189.15 -L 
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OBE Maximum Peak Stress Intensity Range 
Value Iteration 

Max 9.85 OBE 
Min -9.85JOBE 
Peak (ksi)l 19.711 

Corresponding Primary + Bending Range 
iInside Outside Iteration 

Max | 7.701 10.8710BE 
Min -7.70 -10.8710BE 
IMem+Ben 15.391 

:3Sm 51.301 
IMem+Ben < 3Sm 

Sa (no E) 9.851 
Salt 9.95_ 

I_ I 
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Transient Nreq 

A 40 
A+OBE 30 
Dpz 40 
OBE . 610 
Test 40 
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| Fig F-106(b) 
Transient Pair Salt N INreq U ) Dpz 174.98 2361 401 0.169492 
Dpz 

Test 109.56 9841 40 0.04065 
Zero Load 

A+OBE 244.921 951 30 0.315789 
B-OBE 

A 189.151 189 40 0.21164 
B 

OBE 1 _9.951 1.OOE+211 610[ 6.1E-19 
OBE 

|Total Usage 0.737572 
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Appendix E 

Email transmittal from gla8363@prdc.dukepower.com (Duke) to Denise Curd (SI), 
"HPI Emergency Injection Lines; Ec/Eh Values" 

(3 pages total) 

/DAG 

Revision 1 

Preparer/Date 3/28/97 

*V Checker/Date __ 

File No. DUKE-11Q-303-5 Page No. EO of E



7rom: Denise Curd 
7:- Denise Curd 
;uZject: HPI Emergency Injection Lines; EC/Eh Values 

===NOT =======--/ 13 /97==4 : 32pm==-== = ====== 

aail @ c2uu (g 1 armentrout) (gla8363@prdc.dukepower.com), mail @ c2uu 
(Lawrence M L1ibre) (lml6895Gprdc.dukepower.com), mail @ c2uu 
jmd8363@prdc.dukepower.com). mail 0 c2uu (paw498lprdc.dukepower.ccm), 
i1 @ c2uu (Ctdb2719@prdc.dukepower.com), mail @ c2uu 
p533cGprdc.dukepower.com), mail 9 c2uu (Steve G Crews) 

W l.sgc309l9prdc.dukepower.com) 

From: G L Armentrout gla8363@dukepower.com 

Oconee Service Water Project/Pipe Stress Complex ON025W 

Office (864)885-4322 FAX (864)885-4417 Pager 778-3947 

Subject: HPI Emergency Injection Lines; Ec/Eh Values 

<denise>:dcurd~structint.com 

Denise 

This note supersedes the note sent to you on 02/25/97. Please use it to aid 

the Class I evaluation of the RCS branch lines.  

it is requested that whenever you reference this note in your calculations, 

that a hardcopy be attached to those calculations.  

Please acknowledge receipt of this note. If you have any questions, please 

let me know.  

Thanks 

Geary 

Forwarding note from VPP533C -- PRDC 03/13/97 13:54 .** 

To: GLAS363 -- PRDC 

Vijay Patel 

Oconee Mod Engineering 

office 885-4169 Fax 885-4417 Oconee Complex ONO2MO 

Subject: PI Emergency Injection Lines; Ec/Eh Values 

Geary : 

I Concur with the above Conclusion. P by: 

Checked by: 
Vijay 

--* Forwarding note from GLAS363 -- PRDC 03/13/97 12:20 *** 

To: VPP533C -- PRDC Vijay P. Patel 

Resending note of 03/11/97 18:23 

From: G L Armentrout gla83639dukepower.com 

To: VPP533C -- PRDC Vijay P. Patel 

From: G L Armentrouc gla8363%dukepower.com 

Oconee Service Water Project/Pipe Stress Complex ONO2SW 

Office (864)885-4322 FAX (864)885-4417 Pager 778-3947 

Subject: HP= Emergency Injection Lines: Ec/Eh Values 

This note will document how Superpipe considered the Ec/Eh values for the 

various load cases used in the Class I Comparative Analysis done for the 

0--gency Injection Lines (Calculation OSC-1323-06. Volume A. Analysis 

1_24) . This note will be forwarded to Structural Integrity (SI), as 

=rmaton. to aid in the class I Evaluation of the RCS Branch Lines.  

:bviously, the Ec/Eh value is only applicable to thermal load cases. The 

.ndividual thermal load cases, identified as THRM are shown on pages 

ace:



throuch 6(l)12.2 of OSC-1323-06. Vol. A. The 4ndvadual thermal load cases 
ire 
STRD, PTH. DLEK and DEST. These pages have already been sent to SI.  

herefore the load case definitions will not be restated. As stated on page 

of the Superpipe Manual. -The computed stresses are multiplied by Ec/Eh for 

all loadings of THRM type." The operative words are "computed stresses" 
Le.., 

dual 
case summaries (flagged as Static Analyses in the Superpipe printout) 

However, please note the following comments: 

1) Thermal load case STRD, which used the stratification movements, however 

was run at 70 degrees. Therefore Ec/Eh equaled 1. Using 331.7 values and 
::-e 
design temperature of 650 degrees. Ec/Eh should have been equal to 1.127.  

2) The other thermal cases were thermal expansion load cases, therefore 
7c/Eh 
was considered for the specified temperature ranges. However, the Young's 

Modulus values were taken from the B31.1 Code and not the B31.7 Code for 
:he 
Class I piping. The differences are tabulated below: 

Ec/Eh Ec/Eh Percentage 

Load Case B31.1 B31.7 Increase 

FPTH 1.069 1.102 3% 

DLEK 1.064 1.093 3% 

DEST 1.089 1.127 3% 

Super-pipe's Results Set Combination (COMB) option, which was used in the 

subject analysis problem.does multiply the moment results by Ec/Eh. The 

applicable case names are provided on page 6(1)12.3 of OSC-1323-06, Vol. A 

0 
earlier 

sent 
to SI).  R conclusion, if the individual static analyses from the Super-pipe 

analysis are used, then the moment results must be multiplied by the 

appropriate Ec/Eh values. These static analyses are listed below as they 

appear in the Superpipe Output along w/ the Ec/Eh from the B31.7 code.  

Ec/Eh 

B21.7 

STATIC ANALYSIS NO. 3 (STRD) 1.127 

STATIC ANALYSIS NO. 4 (FPTM) 1.102 

STATIC ANALYSIS NO. 5 (DLEK) 1.093 

STATIC ANALYSIS NO. 6 (DEST) 1.127 

However, if moments are taken fr=cm Superpipe's Results Set Combination 
COMB) 
option, then the moment results should be increased by an additional 3%, as 

earlier discussed. These combined load cases are listed below as they 
:ppear 
in the Superpipe Output.  

LOAD CASE NO. 3 (SRAT) 

LOAD CASE NO. 4 (STRS) 

LOAD CASE NO. 5 (CYCL) 

LOAD CASE NO. 6 (STRD) . CASE NO. 7(STRP) 
CASE NO. 3 (STRN) 

I.CAD CASE 14O. . a 1.)C 
LOAD CASE NO. 10 (SRP 

LOAD CASE NO. 11 (SpN ) 

aCe: -



Only r very small portion of the total thermal moment loads on the not=ies 

-orm stratification load case (STRD) , therefore the actual percentage 
.n. ease 
approaches the value of 3%.  

Geary 

K t------

*C
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BWNP-20210-1 (1-78) 

CALCUTLATION i. AT:.1/TRANSMITTAL SHEE 

CALC. 32 - 112824 - 02 

XOCLMENT IDEN7TIFTE 
TRANS. S6 

E .-
C S - EM.R -

3\ s evisd HPI No-z:e Usage Factor 

SBY W1~ I~ IN- B )lf 

The Dureose of this analysis is to justify, by analysis, the operational events 

r e L. nozzle. The ocerational events include 40 test transient cycles, 

a : ard ooIcwn cycIes, s 0 rapi dooressurization cycles. 650 OE cycles 

and 72 aditin H~ -:anual actuation cycles following a reactor trio.  

Revision I - In.coroorated revised HPI flow rates and pressure.  

Revision 2 -. Revised Ref. 1 to the approoriate RCS Functional Specification 
for the AOTC orogram upqrade.  

Fy SU TS (7Ycre% DOC. s oraryloUs T-A-SSITTALS & SOcRUc CALCtL?'ATIONAL 

?ACKAGES FOR THIS TSMITAL) F 
The w nozzle can wiThstand the 40 cycles of test transient, 240 cycles of 

heaa:u: an.cooldown transient, 41 raoid deoressurization cycles, 650 OBE 

a 70 aditicnal HPI manual actuation i-ycles following a reactor 

7'31 Usace actor 7 

Ziof this dccument completely supersedes revision 1.  

ference: 1. S&W Doc. No. 18-1130828-01.  

*P g
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Po lcwinc each reactor trip, additional make-up flow must be 
oatained to prevent loss of indicdted pressurizer level during the 
transient. l four of the hicn oressure injection (HPI) nozzles, 

:ted ir. t.e cold legs on the discharge side of the oumps, have 
:een used for these occurrences. The three nozzles which do not, 
.ake continuous rm.ake-uc flow to the system receive a tnercmal 
s7,ck f-r the cold BWST (borated water storage tank) water. The 

: erational events for the HPL nozzle analysis included 43 test 
t:ansient cycles, 40 raoid devressurization transient cycles, 240 
*eatu: and coddown cycles and 650 OBE cycles. An additional 70 
cycles of HPI manual actuation following a reactor trip is being 
added, Ref. C. The-purpose of this report is to justify, by 
analysis, the operational events.for the HPI nozzle following a 
-eactor trip. The analysis method utilized-will be the simplified 
. 1astic-piastic discontinuity analysis in Ref. l2.  

*.rs se- so* DATE V PAGE NO
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.'onclusion and Results 

'rimary Secondary Stress Intensity Range 

40 Cycles of Rapid Depressurization Transient 
---Primarv Secondary =122.E KS1 > 3.Sm =51.3 KS1 
'Range 

-C , C es * nsient 

P r= 7.2 KS1 3Sm =51.3 KS1 

'40Ccles of Heat-u and Cool-down Transient 

-rimary + Secondary = 18.4 < 3Sm = 51.3 KS1 

3clas of *PI Actuation ;4ith Inclusion of ± OBE Stresses 

-ri-ary Secordary 
. 129.4 KS1 >3Sm 51.3 KS1 

.0 Cycles of HI Actuation :4ithout inclusion of ± OBE Stre;ses 

.Priary + Secondary 
126.9 KS1 > 3Sm 51.3 KS1 

550 Cycles of + OBE Stresses 

Pri-ary + Secondary 
=a f2 K.43 S, * 3Sm = 51.3KS1 

Total rumber of cycles in which the primary + secondary stre.s 

in4 ensity range exceeded 3S. is 40-40+30+40 = 150 < 250.  

Therefore, an elastic plastic fatigue analysis was performed.  

N 

.2 DOC .  
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USAGE FACTOR 

U. = Usage Factor For 40 Rapid Depressurization.  

.ransient Cycles = 0.22 

= 'sage Factor For 40 est Transient Cycles = 0.05 

Usage Factor For 240-40 200 Heat-Up and Cool-Down 

Transient Cycles = 0.0 

U = Usage Factor For 30 HPI Manual Actuation Cycles 

' ith Inclusion of 08E Stresses) = 0.21 

Usage Factor For d0 HPT Manual Actuation Cycles 

' ithout Inclusion of + OBE Stresses) = 0.26 

= Usage 7actor For Remainder of +0BE Stress Cycles = 0.0 

Total Usage Factor 

U + U U + U +U + US 
1' 2 3 6.  

0.22 + 0.05 + 0.0 + 0.21 + 0.26 + 0.0 

TO = 0.74 < 1 

-n- co-clusion. the HP! nozzle can witstand the operational 

c f- -*o J rapid depressurization. '0 test, 240 heat-up and cool-down, 

6- 7 an 70 HP!. actuation transient cycles.  

01 _0



PDS.21036. (9-411 

Babcock&Wilcox 

Nuc!ear Power Generation Division GENERAL CALCULATIONS 

3.0 Discussion and Method of Analysis 

nIs analysis calculates the additional fatigue usage factor 

on the HPUC/akeuD No::Ies resulting from seventy additional HPI 

actuations following a reactor trip. The method of analysis utilizes 

the tneral/nechanical stresses calculated in the original stress 

reocrt. The following discussion is ;rovided as background informatilon 

to the methods used ir the original HPI analyzis. The discussion 

will address three tioics; 1) thermal analysis, (2) structural model 

and 31 stress analysis.  

Thermal Analysis 

A two-dimer.sional heat transfer analysis utilizing B&W computer.  

code P91167, reference #3. was performed to obtain the temperature 

distribution in the nozzle and local shell region. A model of the 

no::ie andlocal shell region is shown in Figure 1. The rozzle 

and shell components are represented by a system of blocks with a 

nodal point at the center of each block. Program P91167 solves a 

heat talance ecuation between each block and the four adjacent 

tocks.  

The following transients were selected for thermal analysis, 

because these transients either contribute significantly to the 

usage factor or are of short duration and have larger temperature 

dif erences than otner transients.  

(2 Heatup and cooldown (Transient.1A-or 1B) 

) power Toading and unload
4r.g (Tiansients 2A, 29, 3 and 4) 

(3) Rapid Depressurization (Transient: 9) 

(4) Test transient-HPI system (Transient 22) 

The heat transfer boundary conditions consist of convective 

meat transfer at the: rside surfaces of' the nozzle and shell.  

The-PI nozzle contat-s a thermal sleeve (see Figure 2). There is 

an-enclosed water gap between the thermal sleeve and the nozzle 
inside 

surface. The cut-off surfaces of the nozzle and shell are assumed 

insulated. Also, the outer surfaces of the nozzle and shcll are considered 

*IA!D t DATE 7/I DOC. ' 
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3. 0 Dscussior and Method of Analysis - Cont'nued I rssl at ed.  
The result; of this thermal analysis consist of temperature 

at eacr -. dai point of the grid thermal modeT, Figure 1. Several 

notes and oairs of nodes representing critical locations of the 

nozzie are selected to evaluate the radial and axial thermal gradients 

r2s lting from the application of eac: transient condition. These 

tnerna., cradients. for each selected node are plotted. Fiom these 

piots, selection of critical transient times for subsequent stress 

eval'uation was made.  

Structural Model 

..thermal stress calculations were performed jtilizing B&W 

- Secuter Programs P91206 and P91032, References *4 &_15 respecti vely.  

Prec ram P91206 uses the virtual work miethod to solve axisymmatric 

shells of revolution (see Figure 3). Program P91032 is a general 

thernal motion and stress program solving for various shapes using 

ao:rcoriate classical theory. The:ocrtion used in this analysis 

is toe- oening in a. cylinder using fTat- plate.. theory modified 

!c:.:::unt for curvature in- the, circumnferential direction.  

The stresses were generated by inputting appropriate temperatures 

ard geometry Into the.programs assuming no reactions at the nozzle 

Co shell intersection. A-two element discontinuity analysis was then 

performed and forces and moments generated were then superimposed .  

or the thermal stresses to give a total thermal stress picture.  

Stress Analysis 

Several computer runs were made to obtain the stresses in 

tneznozzle resulting from the application of selected transients.  

The 'oads for each selected c-itical transient time consisted of 

o-e- :onerature distributicn. overating pressure at that transient 

ti and the nozzle to shell interaction loads. The pressure was 

REt**D IT DATE 71 Z00C '4O 
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S-trss Analysis - Continued 

acclied at the inside surfaces of the nozzle and the shell.  

The resulting stresses in the elements included stress 

concentration effects at structural discontinuities. Stress 

concentration factors were-obtained by using the indices of 

USAS 331.7, "Nuclear Power Piping", 1968 Draft, and other 

sources. Program P91206 also cutput primary plus secondary 

stresses. The range of these linearized stresses was then 

:ompared to the associated 3n stress limit. The peak stresses 

and associated usage factors- were determined for the selected 

critical locations ir the nozzl'e and the shell'.  

'h the calculations following, some of the inherent conser

vatism in the original stress calculations is removed. The 

tabuiation for primary plus secondary stresses (Table 1), external load and 

beaX stresses (Table 2,are taken directly from the original stress 

-- e-ort.  

The required thermal analysis for the HPI transient 

f-Io.wing a reactor trip is performed using temperature distri bution 

crcgram P91232, Reference #11. This program.calculates the temperature 

distribution through the thickness ofa. cylinder as a 'function of 

time by solving-one dimensional heat. transfer equations. This 

zracram also determines the linear and non-linear portions of- the 

radIal temperature gradient and the associated stresses. This 

:rogram was run for various types of transients to develop a 

si=plified "temperature gradientistress" ratio method to determine 

stresses for the &dded reactcr trio HP; actuation transient.  

This simplified stress ratio method utilizes the stresses 

tn the original deign analysis for the rapid depressurization 

transients -o obtain stresses for the added reactor trip transients.  

The stresses and the associated cycles for the reactor trip transients 

were used in conjunction with the stresses and cycles in the original 

design analysis for the test and rapid depressurization transients 

eaternine a total usage factor.  

tD 5. D_:)Aft / / DOC NO  
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Stress nalysis - Continued 

o conservatively analyze earthquake stresses, the following 

was used. There are 650 OBE cycles to consider consisting of 

30 seoarate earthquake events, with each event having approximately 

22 cycles. The full range of OBE stress was added to the thermal, 

pressure and themral expansion stresses for a HPI transient 

following a reactor trip. This stress range was evaluated for 

30 cycles. The 620 (650-30) remaining cycles of full range of 

OBE stress (± OBE) were analyzed separately.  

1& 
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.C pscriotior of Transients 

- haemperature transient fcr the 40 cycles of test and 10 cycles .;apid depressurization is shown in Figure 4. The test trz-sient 
starts at a temperature of 0 and a pressure of 2200 psi, Irops 
Cown to 5OOT and erds at a temoerature of 5500 F and a pressura of ^00 psi. This transient lasts for 10 seconds. The rapid dcressuri.  
ation transient starts at a temoerature of 55o and a pressire of 2200 Osi, drops down to 60"F for 45 seconds,. drops down to )C'F and ends at a temperature o! 5000? and.a pressure of 500 psi. TYis transient lasts for 15 minutes.  

The temperature transient for the 70 cycles of HPI manual 
actuation is shown in Figure 5 The transient starts at a t.mperature of 579 0 . and a pressure of 1500 psi, drops down to 600F for 45 seconds, rops down to 400F and erds at a- temperature of 558. o and 
a.pressure of 1100 psi, References48 and #9. This transfent lasts for 15 minutes. The maximum flow rate through each nozzle is 335 gpm The temperature transient for heat-up and cool-down cons sts of heat-up from 700F to 5500 and 2200 psi and cool-down to 7C'r. This transient occurs at a temperature ch.ange rate of 100 degrees 3er hour.  
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E 7h-27' :ara'.eters 

On :ege *-2 of Reference =6, the film coefficient values us2d 

intne aravss for the racid depressurization transient were calculated.  

This 'e ce?-icient calculatior assumed. a flow rate of 425 GP! through 

ec, ::15. The actuai flow is a maximum of 335 GPM per nozzl, 

References S and =9. The actual film coefficient tnat should ave 

been usec is ca cuiated below: 

.Bruranc ' e ace -- 2, Refe-ence 6) 

The il :ce idents were calculated from equation (VIII-1), R:,f. i1o, 

:ace 129: 0. e 0.  

~* -Z 

Where: = FiIm coefficient, STU/HR-FT2 0, 

Thermal conductivity, BTU/HR-FT -F.  

= Ciameter Of ?i e, -F, 
= Rate Of :low/Unit Area, LBm/:t - HR, 

= ynamic.Viscosity, Lm/FT - HR, 

= Szecific Heat, ST!'ULSm - F, 

A.1 a.: tu fid temperature. Theproperties will be evaluatec 

at E Fsine. the highest. stresses developed occurred over the first 

e:0nds at which time. :e temperature was 6 0C 

F- - A eO. 3 / 
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7ne7 

.J5 

a~~ ~ o f ' c.1 1 ) ~810 .199 ' ~( . E 

IA-fin Coefficient of 400 STU/HR - FT -F for the rapid depressurizationi 

tranSirt vias used ir. Reference i6. The film coefficient sed in 

**zfere 6: for the test transient is 1300 BTU/HR - - o 

This fi coefficient was caiculated using the correct fl-w rate.  

Dr zage 31 o' ttis calculatllon package, it has oeen eter 
7,ne4 ::at with a fi'/ .oefficient value of _100_BTU/HR - 1 T2 __o 

the sa-e L7 and strEss ratios were computed as with a fil7 co
a' stvalue of !300j STU/IHR - FT2 F Therefore,. it'has 

Zeen concluded-that using a film coefficient value of- .33.-:.3.  
-.- would g-ive the same Tadsrsrao.  

a s- -T -an. . s a t 
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t a:nr-al :scon:ruity effects woulc also be lower if 
ne !:wer coe- i~cent value of 336~.3 TU/HR - 0 r 

t : e--ess;r'ration transient was used. With a lower 
...eff..ent .. e. :he metal temperatures would change at a 

siZw ra:e. Zus decreasinc the axiai .7 teMDerature at the time 
cit :n: evaluated. Therefore, using a film coefficient value 

-- - rcduces a desired conservatism in the 

.'a /; P/ '4 ? D INOt ______o_
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- 5 c Stress :ntensities 
Tat%;lated on Dage Z are the crimary secondary stress 

1-tnsities a: juncture z8 fcr the HP: nozzle. Juncture 8 is the 

-:3t :r ::Ca. location the H=: no::1e.  
;eferen.e =7, oaragraoh z-104.4, gives the primary plus secondary 

S;:ess intensi:y range limit as 3 Sm. If the 3 Sm limit is exceeded, 
~er a n e as:,--:astic fatiue analysis must be oerformed in accordance 

*ith ;e'. =, caragraph -105.2.7. (The 3Sm value at the critical 

c:a:icr., Junctu-e =8, is 51.3 ksi, Ref. =6). This fatigue method 

's valit crly if the number of cycles that exceed 3 Sm are .ess than 
I50. The number of cycles that exceed 3 Sm are determined on page 27.  

SI.  
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Table References and Exolanations ' 

1. :n the Stress Report, Ref. 16, Iteration 1 was run of pressure only.  

on the nc:zi at a pressure of 1000 psi. Therefore, pressure stresses 

are vtained by multiplying the pressure stresses from Ref. i6, :age 

B-17 timnes the ratio of actual pressure1000 psi.  

. Thermal exzansion stresses are Calculated on page 1q of this analysis.  

1.Stress Report Therml Stresses are from Ref. 46, Page 5-17. These.  

thernal stresses are conserviative since they were calculated with a 

flow rate of 425 gpm instead of the new flow rate of 335 gpm (Ref. *8 

and 9). Therefore, the film coefficient were higher, than necessary, 

St1s i-ncreasing the. thermal stresses.  

.Transient A is the start of the 70 cycles of HPI manual actuation.  

Transient ! is the end of the 70 cycles of HPI manual actuation.  

This transient occurs following a reactor trip transient. The pressure 

stresses are calculated according to Note 1 above. The ther.mal expansion 

and thermal stresses are calculated using iterations 5060 and 6338, 

and. adjustn; the stresses using a AT-ratio. These calculations 

are presented in-S.ection 8.2.of this analysis.  

51. ?*J1 range OBE (2 x 08E) stresses are calculated on paqe20 of the analysis for 

juncture i8. Thisals the stress range for a cold earthquake.  

6. Mot earthcuake stresses and.cycles will be applied and analyzed for 

in- te primar; + secondary and. peak stress intensity range sheets 

in-this calculation package. OBE stresses are cafculated on 

oage Z -of this analysis.  

**e"AuD ST 6 Z DATE _ _ _ Do NO 
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7. total stress irt-nsity is obtained by adding pressure stress + thermal 

expsion strees + stress recont thermal stress.  
* Note - A value of 0.0 ksi is used to aporoximate the range of themal 

exoansicr stress at the HPl no::le end due to the change in temperature * 

of -the Hz* *.ne.  

- he cross-sectior. position that experiences oositive themal expansion 

stresses is used to maximmize the inside intensity which is the critical 

intensity.  

- A graph of the L-R inbids intensities is shown on page 25 of this 

calculation zackage to. aid in determining ranges for maximum and 

minirs intensity values.  

A 
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s.: 0z Tes:. 2 Heat : ar- C :down. and LC Raoid Georessurization 
irans en: .ye es.  

he orimar - seconcary stress intersity range wi'l now be ca'zulated 
c tre '- cyclses o- :es: :ransient. 240 cycles of heatup and coodown 

tract;e-t, and Ccycles of racid dooressurization transient. The 
te :-e s trasien: for these cycles is scwr in Ficure =I, Ref. =6.  

7e s:-ess ir:ensties are tabulated Cr :ace .a2 and shown in craphic 
3- :a-e S o this =.nalysis.  

DO N 
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2% Mxiun *ar-v z- Secondary Stress Intensity Rance 

This rance 4s :c:rised of (Iteration 3) - (Iteraton t33) 

: cc::urs du.-:nc re c dearessrizatior zata occu? for c c cycles.  

o sec- -7.. ) 7 . 5 ksi 3 Sm = 51.3 ks range 

2nd aximur -- i--ry Secondary Stress Intensity Ranoe 

This rarce is :omor'ised of (Iteration 3) - (Zero Stress State 

;occurs dun testing and can occur fo cyc2es.  

-s.=7. 2 ks > 3 Sm- 51.3 ksi 

-. a.  

3 d 'Maximum ?rimary -6Secondary Stress intensity Ranoe 

,is range is comzrised OF (t era--tio1 .n 4 20 2)- (Zerc Stress State)'.  

I'toccurs-dur"Ing heatuo and can occur for 240-40 =200 cycles.  

Dr s: , s4 - C. 0 =It . < s 3 s.t = 51.3 ksi 

henute cf- cycles irwhich the pri-7ary plus secondary stress 

ntensity -ance exceeds 3"'S. is 3 .  

-IS A 
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£.i ;y:ies - ::l A::.uaticn and SE CvCes 
e e a-tatio foilowing a reactor triI 

a feren: :e-rera:ure transient. (Ref. 8). The transient 
a : -.. - of 579cF an: a p-essure of 1500 Dsig, droos to 

. c :e x:- se:o!s an.d zer dros to 400:. The transient 
z7ds a: Z .:teratre oC 5. arn a oressure of 1100 psig. The.  

x. w rate is 33 c= zer no:: e. (References 8 and 9) These 
ad:ional 73 cycles wil 'e- justifie by adjusting the stress intensity 
rarzes ca : n-ed pna tge-oeceding pages for the rapid decressurization 

j$;jstify the analysis o" the 70 additional cycles for the higher 
star:i-t. :e-erature (5720F versus 5-403F),. three (3) analogous thennal 

stess uns were made using .&W camouter program P91232. Using this msi4at" trerature :rocram, the hPI test and rapid deoressurization 
transierts were analvzed as to their effect on the nozzle end themal 
stress without discontinuity effects. The results of this anaVsis 
are----t ~net n Re'erence =7, Mi cr,' h IMJU.  

DOC 10 EF
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:e tinert resuLts are tabulated betow: 

Linear 
. : e -L - - -' ^ f Th Stres2) 

0. .atio Stress (PS) Ratio 

.00 73106 O.00 

00 1.04 76023 T.04 

525 000 1.07 78204 1.07 

-5933 
Z73 1300 1.04 59350 T.04 

555 525 1300 1.07 . 61005 1.07

Noes - 1)AT Ratic = i/ATh = &T/490 

Z Stress ;atio = S or 3!S' for Cases 1, 2, 3 

:tress Ratic = or 5or S4  For Cases 4, 5, 6 

T justiy 'he a-alvsis. Cf thVie 70 additional cycies for a higher 

-ern -seratLre 5 ( S. 2P versus 5000;), the following results from 

'SC. ::-:uter arcyra - 232 are zabulated below. These results are 

'Mr., FLinear 

;ase Re u'n ('- .oeff. 1 Ther'-a s  
Ratio Stress (PSI' .tio 

.e ..3F Or 72 i''(1 ,a .o 

550 510 35 .00 -5659 .  

3.04 -5376 .04* 

3 535 55 352 1.07 -6039 -37 

'tztes - 1. Ratic = 71.T = / 

2, ~ ~ S 5 es ^t* =5 
. 4. 7" 

OAT _1 4 A !N
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7-: e ta:ula:ions or the preedi:n :aces, one can see tat the 
7 Z tne same as vhe stress ratic 'o each case. Therefore, 

t~e~e s suficien just'icat co- 1using a y- ratio method4 to juistif 
e en: tperatm transiet -:-:n Refe-ence 82 versus the test 

.: - cc os aton transen: Xn ;e'. 6, Page 
:-zer to calcu'ate a stress intensity rance for tne reactor trip 

o: :y HP Manua acuation, heLowng method wi be utiiized.  

cradient st-esses from the ranid-dearessurization transient will 
- !tied bY the L7 ratio to obtain the thermal gradient stresses 

:nte MI1 manu;al actuation transient. --ressure stresses for '.he HPI' 
.anual actuation trarsi ent will be similarly adjusted. Thermal expansion 
st:-sses will not be ratioed because these stresses are due to the 
ter:e-aure in the HPI Line, and the only transient that chanced was 
te.:01 le :tem:erature.  

7e e:!owing calculations analy tc t.e 70 additional cycles of 
I;Z* actuation followigr a reactor tric. Two cases will be analyzed 

tiese T0 adcitional cycles; one wi the inclusion of 30 : C3E 
-esses anc the othe- without the inclusion of OBE stresses. 7he 
are e' = 053 cycles anal ved is 50C -30,= 620.  

e V j * .,0_ 
./ PA NO i.
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Se E - Pi'arvy Secondary .mures: Intensiy Range w/inclusion of 
03 Stresses 

7!, axi rima ry seConcary stress intensity range is comorised 

o :erati on . + 05 - '(tera:ion E - 0)j and can occur for 30 

c- 4: se: 
s 'nside) = (/26. . - -la 3 -- A24) =/29,4 K.  

>35m = 51.3 Vi 

se: ctie -4577? SG 77)2' 
73 Sm. = 51.3 k.i 

e Secondary Stress Intens ty Ranae w/o : OBE Stresses 

o sec s 

o s (outside)=-4 ks 1> 3 Sm. = 51 ksi 
s.ag fstresses can occur fcr 7 0 -30 =40 cycles 

tirary - condar enst- Rance rinside) 

7"s -ar.e is comorised cs :0E and can occur for the remainder-of 

arth ake cy s =de 50 - 30 -- 0.  

Thc n7u"er of cycles i. wnc-' tne :-irary plus secondary stress 
ntnsity -ance exceeds 3 Sm is 70.  

.He ::!:a! nu-ber of.cres urin; the oDerational events in which 
- an ylut secondary stress r.tensity range exceeds 3 So is 

= 'aH25. 7htre'ore. the elastic-olastic fatigue aralysis 

I *Al: *- 7/21/ Z. ooc N-o /2'224 
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3.0 eaK Stress Intensitie

? 4owing is a tcholtior of tha.peak stress intensities at juncture 
4S cf :ne H=: nozzle. Only the stresses at the inside of segment 88 will 

oe tabul a::ed as they are the nost *:ritical.  

setA -AG oo Lo%' 
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L - Longitudinal 
TabIe 2 R - Radial.  

Peak Stress Intensities 

At Juncture =8, L-R Insidelt 

le e-e-ces and expianations are included on foliowing page.  

pressure Thenal Stress Report Total 
terac. 7ressure Stress Expansion Thermal . tres 

(psi) (ksi)l Stress (ksi) 2  Stress (ksi) (ksi) 6 

2200 3. 17.4 109.0 131.9 
5.3 17.4 115.0 137.9 

I. 2 0 5.5 17.4 113.3 136.2 

5 17.4 -5.0 117.9 

32200 5,5 17.4 8.7 31.6 

D ID 2200 5.. 17.4 - 0.4 22.5 

S2200 5.5 ~17.4 0.0 22.9 

2 12205. 5- 1. 0.0 22'.9 

-a2200 .5 17 -0.8 22.1 

2200 .5 17.4 147.4- 170.3 
5252 2200. S.- 1. 143.3 166.2 

I. 3072 2200 - 5s 17.4 117.3 140.2 

- 2,00 5.25 17.4 39.9 62.6 

3237 1800 .17.4 14.2. 36.1 

6051000 .1740'.,520.  

5307 800 2.0 0.0 0'. .  

z33 8 700 0.1..00 *1-9'.6 -9 

E.0- 5001. 0:. 0 --V.3 06.2 
3. 156.24 177.3 

1100 2.75 0.0 -10.81 
08E 0.0 0.0 0.0 0.0 it.  

0.0 0.0 0.0 0.0 3..  

)DATE gAE N'
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Tabe Referen:es and Exoianations 

. ?essure Stresses are obtained v multiplying the peak pressure stress 

o- Ref. =6. rage 5-17 (Iteration i) :imes the ratio of actual 

2. Thermal excansion stresses are 'From page 1 of this c31culation oackage 

o- fn:ture S., nultip"ied by tne bending stress concentration factor 

for R .=E, 'Page 1-4 (KS =1.23%.  

3. St-ess Rec'-: thermai stresses are from Ref. #6, page 5-17.  

4. Transient A is the start of the 70 cycles of HPI manual actLation.  

Transient S is. the end of the 70 cycles of HPI manual actuation.  

This transient occurs following a reactor trio. The pressure ' 

stresses. are calculat:d according to. note (1). The thermal expansion 

VIthermal tresses are calculated using iterations 5060 and 6338, 

ac:edjustinc the stresses using a A7 ratio. These calculations are 

:resente-_ in; Section 10.2 of this analYsis.  

L a .3E (2x0E) stresses are from oageZOOf'this calculation oackage

e c i tes the bendinc s:ress concentration factor from Ref. -6, 

cage i.. V1.28). This is vie rar.e for a coi* earthquake.  

tal stress intensity is ootained-by adding pressure stress thermal 

exyan.sion stress - stress reart th2rmal stress.  

* to- * value of 0.0 ksi is used to aporoximate the range of thermal 

excansioe stress at the H.P neole end due to tne change in temperature 

,, oie..o 

~DOC___ 
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- *ne Orcs3 sectional :sit an tna exceriences positive thermal 

-x cs o z-esses is used t^ maximize the critical inside 

- -. a te L-R inside peak stress in:ensities is shown on the 
. c ce :d "t nes for maximum and minimum 

ter-sii ra-u es.r 
r-,zr~Si:vY va'-.es.  
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7 - - e s - zz ,,er--. . .7. - - - -:: n-e ::a 

nalvsis. -he a stress niensit:es ant cycles are -resented 

ir goric t-. ~an e E . These are use' ?L dete-ine maximu

:eak stress zntensitv ranges and cycles used ir the usage factor 

calc :.s. Actual peak stress intensity values can be cbtained 

X0or the :a: ation. on Cace 33 . 1mary Secondary stress 

irtensit es a e aiso used t!- faticue analys.s: these values are .  

-- i r. 7/ a ti2 Lo- -a ::a.e 4-c 
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0 ZZ 10 C'YCLES OF H FCTAro10W AD O E C..YC.LES 

THE PEAK S'RESSES ARE No- C..ALCULA-TED 

FOR Ti.HE 10 C.YC L..ES OF HP MAKoVAL tCnT IoA 

FotL...owt - A REAC-ToR TR\. THE SE 0, CYCLE 

UNCPRGo P D4.FFERENT -Ty-(rpEATuRE TR AJSI ENT 

-- Q . :OR 0 TEL LO C.YCLES OF TGST TRANSEj T 

.0 '+0 CY<t.6S OF RAF r . EPRESSuRIAION 

TRAN&EjT- 7 HS rH NE A K SSE wLL E 

Au'jSTED UJS'IGAJ& MT RATto EThoZ.  
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THc O .toi1 G C A L.-uLA -ia.j - P-L-Y TO TI+E 't O 

CYCLE S OF HPe rLAtouAL A ru A-ToN. -7WO CASE 

wILL SE' ANAL'YFED DvRifNG THE 70. ADb!TIQNA L 

C.LtS. ONE wirH THE INC.LustoWJ OP (3 G 

--SS AS T-HE' OTH-EPR WiTIoUT *-tHE

INLuSIOn Op .0o8 57RESSEs. rHE NVMSFK OF 

03G STR SS. it. Lu A LYZED ( 0 S0- SO0 G20.  LCA.4St 2- -eEA S ITNS1Try RANG-E WIH 
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0Re'erences 

Cr.. E: eral unz::inal Specification for Reactor Coolant 

kstm. 3-13035-0. uke ccower Company.  

^ Nuc ear "cwer Mizinq Code. USAS 931.7 - 'raft 1968.  

3. B.W Co-uter C-de :l1167 

.3W Compter Code "91205 

5. 3&W Computer Code P91037 

6. N4 Doc. "Stress ?enort for Reactor Coolant Piping", 

3KI Contract No. Z-22-09-50. Desi'(n Analysis Renort 

.No. . "Thernal-Mechanical Analysis of 2, Sch. 160 

Make-un and HPI Nozzle. Microfilm rolls 79-472 and 473.  

T.Micrfiche 3R, "eactor Trip w/HPI Nozzle". (attached) 

S 'a- eferenc-e 1 

.. See Referece .  

1. JAKOS- Hawkins. "Eiements c Heat Transfer, 3rd Edition.  

WiIev and Sons, nCh. 1O7 

31. B&W Comnvuter Code P91232.  

2- 85' Dra&ng No. 1:.16. Re. 7, "Assembly and Detail for 2Y' 

"Pressure !n action Aozzle".  

13 &1 Doc.. "S'tress Reoit for Reactor Coolant oicinq", 

:W Cortract No. 620-0003-50. Revision 1, Design Analysis 

1 Recort No. ., ini 0 Reactions", Microfilm roll 79-479.  
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51 500023 9-00 
Answer to Question 2(a) 

Oconee Unit 1 
Inspections Associated with 1A1 Discharge Make Up Nozzle 

Refueling ISI Plan Weld ID Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

Number ISI Plan _ Insp.  

7 E5.01.001 IPDAl-47 1Al HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Material 

PC. 47 

7 E5.01.002 IPDAl-47 1AI HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Material 

PC._47 .  

8 B05.051.002A 1PDAl-11 1AI Nozzle to Safe-End PT Clear Section XI 
weld 

9 E04.001.001 1PDAI-47 1AI HPI Nozzle UT Recordable Generic Letter 85-20 
Safe-End Base Material 

PC. 47 

9 E04.001.001A IPDAl-47 1Al HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Material 

PC. 47 

10 B09.032.019 IPDAl-10 1AI HPI Nozzle to MT Clear Section XI 
1AI RCP Discharge 

Piping (Branch Weld) 

11 E04.001.001 1PDAI-47 1AI HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Material 

PC. 47 

11 E04.001.001A 1PDAI-47 1AI HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Material 

PC._47 

16 B05.140.003 1-PDAl-11 IA1 Nozzle to Safe-End PT Clear Section XI 
weld 

NFORMAT!O 
InW I AM 1442 
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51-5000239-00 

Oconee Unit 1 
Inspections Associated with 1A2 Discharge Make Up Nozzle 

Refueling ISI Plan Weld ID Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

. Number ISI Plan Insp.  

7 E5.01.003 IPDA2-47 1A2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Material 

PC. 47 

7 E5.01.004 IPDA2-47 1A2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Material 

PC. 47 

9 E04.001.002 IPDA2-47 1A2 HPI Nozzle UT Recordable Generic Letter 85-20 
Safe-End Base Material 

PC. 47 

9 E04.001.002A IPDA2-47 IA2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Material 

PC.47 

11 B09.032.020 IPDA2-10 1A2 HPI Nozzle to MT Clear Section XJ 
IA2 RCP Discharge 

Piping (Branch Weld) 

11 B05.051.005 IPDA2-11 I 1A2 Nozzle to Safe-End PT Clear Section XI 
weld 

11 E04.001.002 IPDA2-47 1A2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Material 

11 E04.001.002A IPDA2-47 1A2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Material 

13 B09.021.060 1-51A-11-85A Pipe to 1A2 Safe-End PT Clear Section XI 
weld 

FORMAT ON 
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51-5000239-0V 

Oconee Unit 1 
Inspections Associated with 11 Discharge HPI Nozzle 

Refueling ISI Plan Weld ID Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

Number ISI Plan Insp.  

7 E5.01.005 IPDBI-47 IB1 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Material 

PC. 47 

7 E5.01.006 1PDBI-47 IBI HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Material 

PC. 47 

9 E04.001.003 1PDBI-47 1B1 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Material 

PC. 47 

11 B09.032.021 1PDBI-10 IBI HPI Nozzle to MT Clear Section XI 
IBI RCP Discharge 

Piping (Branch Weld) 

11 E04.001.003 IPDBl-47 IB HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Material 

11 E07.001.003 1-51A- 11-89 Pipe to IBI Safe-End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

11 E07.001.004 1-51A-11-90 Pipe to Valve 1HP-153 UT Clear NRC Bulletin 88-08 
weld &. 1 inch base metal 

11 E07.001.005 1PDBI-l 1 1BI Nozzle to Safe-End UT Recordable NRC Bulletin 88-08 
weld & 1 inch base metal 

13 B09.021.009A 1-51A-11-89 Pipe to IBI Safe-End PT Clear Section XI 
weld 

13 B05.051.008 IPDBl-11 IBI Nozzle to Safe-End PT Clear Section XI 
weld 

13 E07.001.003 1-51A-11-89 Pipe to IBI Safe-End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

13 E07.001.004 1-51A-l1-90 Pipe to Valve 1HP-153 UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

16 G04.001.003 1-51A-11-89 Pipe to IBI Safe-End UT Clear NRC Bulletin 88-08 
._ _ weld & 1 inch base metal 

16 G04.001.004 1-51A-11-90 Pipe to Valve 1HP-153 UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

INFO RMATION



51-5000239. 00 
Oconee Unit 1 

Inspections Associated with 112 Discharge HPI Nozzle 

Refueling ISI Plan Weld ID Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

Number ISI Plan Insp.  

7 E5.01.007 1PDB2-47 1B2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Material 

PC. 47 

7 E5.01.008 IPDB2-47 1B2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Material 8125 gap on 

PC. 47 nozzle side 

9 E04.001.004 IPDB2-47 1B2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Material 8125 gap on 

PC. 47 nozzle side 

11 E04.001.004 IPDB2-47 1B2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Material .875 g 

nozzle side 

11 E07.001.001 1-51A-l l-87 Pipe to IB2 Safe-End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

11 E07.001.002 1-51A-ll-88 Pipe to Valve 1HP-152 UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

11 E07.001.006 IPDB2-11 1B2 Nozzle to Safe-End UT Recordable NRC Bulletin 88-08 
weld & 1 inch base metal 

12 B09.021.008 1-51A-11-87 Pipe to 1B2 Safe-End PT Clear Section XI 
weld 

13 B09.021.009 1-51A-11-88 Pipe to Valve 1HP-152 PT Clear Section Xl 
weld 

13 B09.032.022 1PDB2-10 IB2 HPI Nozzle to MT Clear Section XI 
1B2 RCP Discharge 

Piping (Branch Weld) 

13 B05.051.011 1PDB2-11 1B2 Nozzle to Safe-End PT Clear Section XI 
weld 

13 E07.001.001 1-51A-11-87 Pipe to 1B2 Safe-End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

13 E07.001.002 1-51A-11-88 Pipe to Valve 1HP-152 UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

*MTO



51-5000239-00 
Oconee Unit 1 

Inspections Associated with 1B2 Discharge HPI Nozzle 

16 G04.001.001 1-51A-11-87 Pipe to IB2 Safe-End UT Clear NRC Bulletin 88-08 
weld & I inch base metal 

16 G04.001.002 1-51A-11-88 Pipe to Valve 1HP-152 UT Clear NRC Bulletin 88-08 
._ _ weld & 1 inch base metal 

Definitions: 
Recordable = Indication seen was a geometric reflector and not a flaw.  
Clear = No indications 

Note: All of the radiographs for the Generic Letter 85-20 items have been re-reviewed during May of 
1997, by the NDE Level III RT Examiner. In those instances where the NDE Level III RT Examiner 
identified that gaps were present on the original radiographs, the dimension and location is recorded in 
the Inspection Results column. In all cases where gaps were present, the thermal sleeves were still located 
in their proper positions. When "Clear" is mentioned and no dimension and location is recorded in the 
Inspection Results column of this document, this means that there were no recordable or rejectable 
conditions identified during the original and second reviews of the radiographs.  

NF OrMATION



FORMATION 51-5000239-00 
' Oconee Unit 2 

Inspections Associated with 2A1 Discharge Make Up Nozzle 

Refueling ISI Plan Weld ID Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

Number ISI Plan Insp.  

6 E5.001.001 2PDAl-47 2Al HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

6 E5.001.002 2PDAl-47 2A1 HPI Nozzle RT Clear Generic Letter 85-20 
* Safe-End Base Metal 

PC.47 

7 B05.051.002A 2PDAl-11 2Al Nozzle to Safe-End PT Clear Section XI 
weld 

7 E04.001.001 2PDAI-47 2Al HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 .  

7 E04.001.001A 2PDAl-47 2Al HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

8 E04.001.001 2PDAl-47 2Al HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

._ PC.47 

8 E04.001.001A 2PDAl-47 2Al HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

9 E04.001.001 2PDAI-47 2Al HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

9 E04.001.001A 2PDAl-47 2Al HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

10 E04.001.001 2PDAI-47 2Al HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

10 E04.001.001A 2PDAl-47 2Al HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

11 B09.021.101 2-51A-39.3-44 Pipe to 2Al Safe-End PT Clear Section XI 
weld 

15 B05.140.004 2PDAI-11 2Al Nozzle to Safe-End PT Clear Section XI 
weld 

-~ K~-7



51-5000239-.00 

Oconee Unit 2 
Inspections Associated with 2A1 Discharge Make Up Nozzle 

Refueling ISI Plan Weld ID Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

Number ISI Plan Insp.  

15 B09.021.040 2-51A-39-46 Pipe to Valve 2HP-127 PT Clear Section XI 
weld 

15 G02.001.001 2PDAl-47 2Al HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

15 G02.001.001A 2PDAI-47 2Al HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal .' gap on pipe 

PC.47 side and 1.25" 
gap on nozzle side 

SFORMATI N 
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51-5000239-00 
Oconee Unit 2 

Inspections Associated with 2A2 Discharge Make Up Nozzle 

Refueling ISI Plan Weld ID Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

_______ Number 151 Plan Insp.______________ 

6 E5.001.003 2PDA2-47 2A2 BPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

____________PC.47 _ _ _ 

6 E5.001.004 2PDA2-47 2A2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 1. 12 5' gap on 

____________PC.47 nozzle side 

8 E04.001.002 2PDA2-47 2A2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

____________PC.47 _ _ _ 

8 E04.001.002A 2PDA2-47 2A2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 1.5'" gap on 

____________PC.47 
_____ nozzle aide ___________ 

10 E04.001.002 2PDA2-47 2A2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

_________PC.47 

10 E04.001.002A 2PDA2-47 2A2 B-PI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 1.5 gpo 

_____________PC.47 _ ____ nozzle side ____________ 

12 B05.051.005 2PDA2-1 I 2A2 Nozzle to Safe-End PT Clear Section XI 
______________weld____ 

12 B09.021.108 2-51A-39.3-87A Pipe to 2A2 Safe-End PT Clear Section XI 
___________weld 

15 G02.001.002 2PDA2-47 2A2 1-PI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

____________ PC.47 _ _ _ _ _ _ _ _ 

15 G02.001.002A 2PDA2-47 2A2 HP! Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal, 1.25" gap on 

____________PC.47 _____ nozzle side ___________ 

INF RMvATI.  
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NFORMATION 515000239-00 
Oconee Unit 2 

Inspections Associated with 2B1 Discharge HPI Nozzle 

Refueling ISI Plan Weld ID Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

Number ISI Plan Insp.  

6 E5.001.005 2PDBl-47 2BI HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

_PC.47_ 

6 E5.001.006 2PDBl-47 2BI HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

7 E04.001.003 2PDBl-47 2B1 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

8 E04.001.003 2PDBI-47 2B1 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

9 B05.051.008 2PDBI-11 2B1 Nozzle to Safe-End PT Clear Section XI 
weld 

9 E04.001.003 2PDBI-47 2B1 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 5" gap on pipe 

PC.47 side _ 

10 B09.032.007 2PDBI-10 2BI HPI Nozzle to 2BI MT Clear Section XI 
RCP Discharge Piping 

(Branch Weld) 

10 E04.001.003 2PDBl-47 2BIHPI Nozzle RT Clear GenericLetter 85-20 
Safe-End Base Metal .5 gap on pipe 

PC.47 side 

10 E07.001.001 2-51A-39-90C Pipe to 2B1 Safe End UT Clear NRC Bulletin-88-08 
weld & 1 inch base metal 

10 E07.001.002 2-51A-39-90B Pipe to Pipe weld & 1 UT Clear NRC Bulletin 88-08 
inch base metal 

10 E07.001.003 2-51A-39-91 Pipe to Valve 2HP-153 UT Clear NRC Bulletin 88-08 
weld & 1 inch base 

metal 

10 E07.001.007 2PDBl-11 2B1 Nozzle to Safe-End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

11 B09.021.114 2-51A-39.3-90C Pipe to 2BI Safe-End- PT Clear Section XI 
weld 

12 E07.001.001 2-51A-39-90C Pipe to 2BI Safe End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

12 E07.001.002 2-51A-39-90B Pipe to Pipe weld & 1 UT Clear NRC Bulletin 88-08 
I__I_, _ inch base metal



51-00 02 39- 0 0 
Oconee Unit 2 

Inspections Associated with 2B1 Discharge HPI Nozzle 

Refueling ISI Plan Weld ID Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

Number ISI Plan Insp.  

12 E07.001.003 2-51A-39-91 Pipe to Valve 2HP-153 UT Clear NRC Bulletin 88-08 
weld & 1 inch base 

metal 

15 G02.001.003 2PDBl-47 2BI HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal .5" gap on pipe 

PC.47 side 

15 G04.001.001 2-51A-39-90C Pipe to 2BI Safe End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

15 G04.001.002 2-51A-39-90B Pipe to Pipe weld & 1 UT Clear NRC Bulletin 88-08 
inch base metal 

15 G04.001.003 2-51A-39-91 Pipe to Valve 2HP-153 UT Clear NRC Bulletin 88-08 
weld & 1 inch base 

metal 

FORMA N .U



51-5000239-OO 

Oconee Unit 2 
Inspections Associated with 2B2 Discharge HPI Nozzle 

Refueling ISI Plan Weld ID Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

Number ISI Plan Insp.  

6 E5.001.007 2PDB2-47 2B2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

6 E5.001.008 2PDB2-47 2B2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

8 E04.001.004 2PDB2-47 2B2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

8 E04.001.004A 2PDB2-47 2B2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

10 B09.032.008 2PDB2-10 2B2 HPI Nozzle to 2B2 MT Clear Section XI 
RCP Discharge Piping 

(Branch Weld) 

10 E04.001.004 2PDB2-47 2B2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

10 E04.001.004A 2PDB2-47 2B2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

10 E07.001.004 2-51A-39-92A , Pipe to 2B2 Safe End UT Clear NRC Bulletin 88-08 
. weld & 1 inch base metal 

10 E07.001.005 2-51A-39-92B Pipe to Pipe weld & 1 UT Clear NRC Bulletin 88-08 
inch base metal 

10 E07.001.006 2-51A-39-93 Pipe to Valve 2HP-152 UT Clear NRC Bulletin 88-08 
weld & 1 inch base 

metal 

10 E07.001.008 2PDB2-1l 2B2 Nozzle to Safe-End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

11 B05.051.011 2PDB2-11 2B2 Nozzle to Safe-End PT Clear Section XI 
weld 

12 B09.021.122 2-51A-39.3-92A Pipe to 2B2 Safe-End PT Clear Section XI 
weld 

12 E07.001.004 2-51A-39-92A Pipe to 2B2 Safe End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

12 E07.001.005 2-51A-39-92B Pipe to Pipe weld & I UT Clear NRC Bulletin 88-08 
inch base metal 

6~ (5A9



51-5000239-00 

Oconee Unit 2 
Inspections Associated with 2B2 Discharge HPI Nozzle 

12 E07.001.006 2-51A-39-93 Pipe to Valve 2HP-152 UT Clear NRC Bulletin 88-08 
weld & 1 inch base 

metal 

15 G02.001.004 2PDB2-47 2B2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

15 G02.001.004A 2PDB2-47 2B2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

15 G04.001.004 2-51A-39-92A Pipe to 2B2 Safe End UT Clear NRC Bulletin 88-08 
weld & I inch base metal 

15 G04.001.005 2-51A-39-92B Pipe to Pipe weld & I UT Clear NRC Bulletin 88-08 
inch base metal 

15 G04.001.006 2-51A-39-93 Pipe to Valve 2HP-152 UT Clear NRC Bulletin 88-08 
weld & 1 inch base 

metal 

Definitions: 
Recordable = Indication seen was a geometric reflector and not a flaw.  
Clear = No indications 

Note: All of the radiographs for the Generic Letter 85-20 items have been re-reviewed during May of 
1997, by the NDE Level III RT Examiner. In those instances where the NDE Level III RT Examiner 
identified that gaps were present on the original radiographs, the dimension and location is recorded in 
the Inspection Results column. In all cases where gaps were present, the thermal sleeves were still located 
in their proper positions. When "Clear" is mentioned and no dimension and location is recorded in the 
Inspection Results column of this document, this means that there were no recordable or rejectable 
conditions identified during the original and second reviews of the radiographs.  
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IFORMIATION 51-5000239-00 

Oconee Unit 3 
Inspections Associated with 3A1 Discharge Make Up Nozzle 

Refueling ISI Plan Weld ED Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

Number ISI Plan Insp.  

7 E5.01.013 3PDA1-47 3Al HPI Nozzle UT Recordable Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

7 E5.01.014 3PDAl-47 .3Al HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal .25" gap on 

PC.47 nozzle side 

8 E04.001.001 3PDAl-47 3Al HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

8 E04.001.001A 3PDAl-47 3Al HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal .5625' gap on 

PC.47 pipe side and .75" 
gap on nozzle side 

9 E04.001.001 3PDAl-47 3Al HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

9 E04.001.001A 3PDAl-47 3Al HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 5625" gap on 

PC.47 pipe side and .75" 
gap on nozzle side 

10 E04.001.001 3PDAl-47 3Al HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

10 E04.001.001A 3PDAl-47 3Al HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 .625" gap on pipe 
side and I" gap on 

nozzle side 

11 B05.051.002A 3PDAl-11 3Al Nozzle to Safe-End PT Clear Section XI 
weld 

11 E04.001.001 3PDAl-47 3Al HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

II E04.001.001A 3PDAI-47 3Al HPI Nozzle RT Clear. Generic Letter 85-20 
Safe-End Base Metal .5625" gap on 

PC.47 pipe side and 
.875" gap on 
nozzle side 

-7 Oconee Unit 3 
Inspections Associated with 3A1 Discharge Make Up Nozzle



51-5000239-00 

13 B09.021.108 3-51A-63-36 Pipe to Valve 3HP-127 PT Clear Section XI 
weld 

13 B09.021.109 3-51A-63-40 Pipe to 3Al Safe End PT Clear Section XI 
weld 

16 G02.001.001 3PDAl-47 3Al HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47_ 

16 G02.001.001A 3PDAI-47 3Al HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 gap visible 
100% 

through 
expansion 

area 

INmF RtFA7ATI 
--7 157/242 
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51-50.00239- 00 
Oconee Unit 3 

Inspections Associated with 3A2 Discharge Make Up Nozzle 

Refueling ISI Plan Weld ID Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

Number ISI Plan Insp.  

7 E5.01.015 3PDA2-47 3A2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47.  

7 E5.01.016 3PDA2-47 3A2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

9 E04.001.002 3PDA2-47 3A2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 _ 

9 E04.001.002A 3PDA2-47 3A2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

10 B05.051.005 3PDA2-11 3A2 Nozzle to Safe-End PT Clear Section XI 
weld 

11 E04.001.002 3PDA2-47 3A2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

11 E04.001.002A 3PDA2-47 3A2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

13 B09.021.111 3-51A-64-23A Pipe to Valve 3HP-126 PT Clear Section XI 
weld 

13 B09.021.112 3-51A-63-24A Pipe to 3A2 Safe End PT Clear Section XI 
weld 

16 G02.001.002 3PDA2-47 3A2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

16 G02.001.002A 3PDA2-47 3A2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

mF MAIn



NFORMATION 51-5000239-00 
Oconee Unit 3 

Inspections Associated with 3B1 Discharge HPI Nozzle 

Refueling ISI Plan Weld ID Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

Number ISI Plan Insp.  

7 E5.01.017 3PDBl-47 3B1 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

7 E5.01.018 3PDBl-47 3B1 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 1.125 gap on 

PC.47 nozzle side 

8 E04'001.003 3PDBl-47 3B1 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 .93 75 " gap on 
PC.47 nozzle side 

9 E04.001.003 3PDBI-47 3BI HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal .750 gap on 

PC.47 nozzle side 

10 B05.051.008 3PDBI-l 1 3BI Nozzle to Safe-End PT Clear Section XI 
weld 

10 E04.001.003 3PDBl-47 3B1 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal .625" gap on 

PC.47 _ _ nozzle side 

11 E04.001.003 3PDBl-47 3B1 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 250" gap on 

PC.47 nozzle side 

11 E07.001.001 3-51A-61-43 Pipe to Valve 3HP-153 UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

11 E07.001.002 3-51A-61-43C Pipe to Pipe weld & UT Clear NRC Bulletin 88-08 
1 inch base metal 

11 E07.001.003 3-51A-61-44A Pipe to 3B1 Safe End UT Clear NRC Bulletin 88-08 
.. ____ weld & 1 inch base metal .  

11 E07.001.006 3PDBl-l 1 3B1 Nozzle to Safe-End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

12 B09.021.119 3-51A-61-43 Pipe to Valve 3HP-153 PT Clear Section XI 
weld 

12 B09.021.120 3-51A-61-44A Pipe to 3B1 Safe End PT Clear Section XI 
weld 

13 B09.032.004 3PDBl-10 3B1 HPI Nozzle to 3BI MT Clear Section XI 
RCP Discharge Piping 

(Branch Weld) 

13 E07.001.001 3-51A-61-43 Pipe to Valve 3HP-153 UT Clear NRC Bulletin 88-08 
weld & I inch base metal 

~Q-L / /P4



51-5000239- 00 
Oconee Unit 3 

Inspections Associated with 3B1 Discharge HPI Nozzle 

13 E07.001.002 3-51A-61-43C Pipe to Pipe weld & UT Clear NRC Bulletin 88-08 
1 inch base metal 

13 E07.001.003 3-51A-61-44A Pipe to 3B1 Safe End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

15 004.001.003 3-51A-61-44A Pipe to 3B1 Safe End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

16 002.001.003 3PDBl-47 3B1 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal .250" gap on 

PC.47 nozzle side 

16 004.001.002 3-51A-61-43C Pipe to Pipe weld & UT Clear NRC Bulletin 88-08 
1 inch base metal 
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INFORMATION 51-5000239-00 
,Oconee Unit 3 

Inspections Associated with 3B2 Discharge HPI Nozzle 

Refueling ISI Plan Weld ID Configuration Type Inspection Inspection 
Outage Item from of Results Requirements 

Number ISI Plan Insp.  

7 E5.01.019 3PDB2-47 3B2 HPI Nozzle UT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

7 E5.01.020 3PDB2-47 3B2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

8 E04.001.004 3PDB2-47 3B2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

9 E04.001.004 3PDB2-47 3B2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

10 E04.001.004 3PDB2-47 3B2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal .375' gap on 

PC.47 nozzle side 

II B09.021.124 3-51A-62-26 Pipe to 3B2 Safe End PT Clear Section XI 
_____________weld____ 

11 E04.001.004 3PDB2-47 3B2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

11 E07.001.004 3-51A-62-25 Pipe to Valve 3HP-152 UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

11 E07.001.005 3-5.1A-62-26 Pipe to 3B2 Safe End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

11 E07.001.007 3PDB2-11 3B2 Nozzle to Safe-End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

12 B05.051.011 3PDB2-11 3B2 Nozzle to Safe-End PT Clear Section XI 
weld 

13 B09.032.005 3PDB2-10 3B2 HPI Nozzle to 3B1 MT Clear Section XI 
RCP Discharge Piping 

(Branch Weld) 

13 E07.001.004 3-51A-62-25 Pipe to Valve 3HP-152 UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

13 E07.001.005 3-51A-62-26 Pipe to 3B2 Safe End UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

15 G04.001.005 3-51A-62-26 Pipe to 3B2 Safe End UT Clear NRC Bulletin 88-08 

C6Kweld & 1 inch base metal



51-50002393=00 
Oconee Unit 3 

Inspections Associated with 3B2 Discharge HPI Nozzle 

16 G02.001.004 3PDB2-47 3B2 HPI Nozzle RT Clear Generic Letter 85-20 
Safe-End Base Metal 

PC.47 

16 G04.001.004 3-51A-62-25 Pipe to Valve 3HP-152 UT Clear NRC Bulletin 88-08 
weld & 1 inch base metal 

Definitions: 
Recordable = Indication seen was a geometric reflector and not a flaw.  
Clear = No indications 

Note: All of the radiographs for the Generic Letter 85-20 items have been re-reviewed during May of 1997, by the NDE Level III RT Examiner. In those instances where the NDE Level III RT Examiner identified that gaps were present on the original radiographs, the dimension and location is recorded in the Inspection Results column. In all cases where gaps were present, the thermal sleeves were still located in their proper positions. When "Clear" is mentioned and no dimension and location is recorded in the Inspection Results column of this document, this means that there were no recordable or rejectable conditions identified during the original and second reviews of the radiographs.  
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