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PURPOSE AND SUMMARY OF RESULTS: 

The Purpose o+ this calculation is to evaluate the three worst 

indications as reported in Evaluation Report 486-019 (Nos. 4.8 

and 18/19 combined). Because of the concerns raised by the NRC 

with reaards to confidence in the as-measured dimensions it was 

decided to increment each flaw addressed ..by ten percent (10 1.) 

until it failed to meet acceptability. Having started this for 

flaw number 18/19 it was quickly seen that-the'changes in growth 

and crack arrest value was negligible, therefore it - was decided 

to double each flaws initial size, determine its status and 

increment from this size. In each case the original flaw size, 

when doubled, using ASME Section XI, Appendix A, methodology, 

satisfied the requirements of IWB-3 6 12. The end result was that 

each sub-surface flaw could be enlarged until it almost became a 

surface flaw and meet acceptability requirements.  

The calculations cantain.ed within -represent a variety.. of flaw 

sizes And cycles for each indication of concern as well as a very 

conservative evaluation of indication number 18/19 when it gets 

reclassified from a sub-surface to a surface indication. As can 

be seen from the various outputs con-siderable safety margin exist 

when compared to original flaw size and/or number of cycles to 

cause failure.  

All of the results were obtained fom an IBM PC version of the B&W 

fully certified computer program FLEP (NPD-TM-5 , ;pri1 1985) 

Cal cul ation 32-11259-00 is the source calculation for the 

stress-es used in this evaluation.  
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>1164054-00 
ER 86-019 Indication No.' 18/19 Combined 

FLAW TY'E: SUDSURFACE 

INITIAL FLAW DEPTH, (A) 1.15000. IN 

INI i AL FLAW LENGH =1 4. 40(000 IN 

WALL THICKNESS 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW = 1.35000 IN 

CRACK TIP 1EMPERATURE = 275.0 F 

REFERENCE NIL DUCTILITY tTEMPERA I URE = 20.0Q F 

YIELD SIRENGT'H = 50. 00 KSI 

SCALING CONSTANT USED IN PARIS EQUATION = .27E-IC) 

EXPONENT USED IN PARIS ED.UATION = 3.726 

MEMRANE SfRESS = 13.65 KSI 

BENDING STRESS = 11.35 KSI.  

GUE CRACK GROWTH POINI 1 LOCr-FiON IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE 'ENDING CYCLES INITIAL FINAL 

1 13.65 .11.35 240.0 1.1500 1.1516 

2 7.65 18.65 100.0 1.1516 1.1519 

FLAW SHAPE PARAMETER 0.= 1.449 

IEMBRANE STRESS CORRECTION FACT OR MM 1 .0 

BENDING STRESS CORRECTION FACTOR 1B = 0.333 

SIRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 28.15 KSI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH 

. rlo1 KI/KI = 7. 10 

ACCEPTiNCE CRITERIA: KIA/KL MUSF DE GRE A FER THAN 3. 16 

FHIS FLAW .IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VES'SEL 

(1977 EDITON THROUGH SUMMER 1978 ADDENDA), PROVIDED TfHE PRIMARY STRESS LIMITS OF 

.3CK ARE S(.'TrISFI .1ED FOR IHE FLAWED SECTION 

e4 Vc
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32-1164054-00 

86-019 Indication No. 18/1L Combined (100 . Increase in Size) 

FLAW TYPE SUBSURFACE 

NIllAL FLAW DEPTH, (A) = 2.30000 IN 

INITIAL FLAW LENGfH = 8.E0000 IN 

WALL THICKNESS = 12. 00000 IN 

ECCENTRICIT'( OF SUDSURFACE FLAW = 1. 35000 IN 

CRACK TIP TEMPERATURE = 275.0 F 

REFERENCE NIL DUCTILITY TEMPERATURE = 20.0 F 

YIELD STRENGTH 50.00 KS I 

SCALING CONSTANT USED IN PARIS EQUCATION 0.267E-1t) 

EXPONENT USED IN PARIS EQUATION 3. 725 

MEMBRANE STRESS = 13.65 KSI 

BENDING SIRESS = 11.35 KS1

GUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT SrRESS RANGES (KSI) NO. OF FLAW DEPTH (iN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13.65 11.35 240.0 2.3000 2.3097 

2 7.65 13.65 100.0 2.3097 2.3117 

FLAW SHAPE PARAMETER U = 1.449 

MEMBRANE STRESS CORRECTION FACTOR MM = 1.  

BENDING STRESS CORRECTION FACTOR MB = 0.436 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI= 45.63 K(SI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200. 00 KS I ROOT I1NCH 

RATIO. KIA/KI = 4.38 

ACCEPTANCE CRITERIA : KIA/KI MUST BE GREATER THAN 3.16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL CODE 

(1977 EDITON THROUGH SUMMER 1978 ADDENDA)l PROVIDED;THE PRIMARY STRESS LIMITS OF 

3000 ARE SATISFIED FOR THE FLAWED SECTION



32-11.64054-00 
ER 86-019 Indication No. 18/19 Combined (Maximum Subsurface Indication) 

FLAW rYPE SUBSURFACE 

INITIAL FLAW DEPTH. (A) 3.33500 IN 

INITIAL FLAW LENGTH 12.76000 IN 

WALL THICKNESS = 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW= 1.35000 IN 

CRACK TIP TEMPERATURE 275.0 F 

REFERENCE: NIL DUCTILITY TEMPERATURE = 20.0 F 

YIELD STRENGTH = 50.00 KSI 

SCALING CONSTANT USED IN PARIS EQUATION = 0.267E-10 

EXPONENT USED IN PARIS EQUATION = 3.726 

.MEMBRANE STRESS = 13.65 KSI 

BENDING STRESS 11.35 KSI 

GUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW-DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13.65 11.35 240.0 3.3350 3.3744 

2 7.65 18.65 100.0 3.3744 3.3829 

FLAW SHAPE PARAMETER 0 = 1.449 

MEMBRANE STRESS CORRECTION FACTOR MM = 1.345 

.BENDING STRESS CORRECTION FACTOR MB 0.550 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 66.64 KSI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT.INCH 

RATIO, KIA/KI = 3.00 

ACCEPTANCE CRITERIA KIA/KI MUST BE GREATER THAN 3.16 

THIS FLAW IS NOT ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL 

(1977 EDITION THROUGH SUMMER 1978 ADDENDA) 

0



32-11 64054-00 

ER 86-019 Indication No. 18/19 (96. of Maximum Subsurface) 

FLAW TYPE SUBSURFACE 

INITIAL FLAW DEPTH, (A) 3. 19000 IN 

INITIAL FLAW LENGTH = 12.20500 IN 

WALL THICKNESS,= 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW 1.35000 IN 

CRACK TIP TEMPERATURE = 275.0 F 

REFERENCE NIL DUCTILITY TEMPERATURE 20.0 F 

YIELD STRENGTH = 50.00 KSI 

SCALING CONSTANT USED IN PARIS EQUATION 0.267E-10 

EXPONENT USED IN PARIS EQUATION = 3.726 

MEMBRANE STRESS = 13.65 KSI 

BENDING STRESS 11.35 KSI 

* GUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13.65 11.35 240.0 3.1900 3.2222 

2 7.65 18.65 100.0 3.2222 3.2291 

FLAW SHAPE PARAMETER 0 = 1.449 

MEMBRANE STRESS CORRECTION FACTOR M1M = 1.306 

BENDING STRESS CORRECTION FACTOR MB 0.531 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI 63.12 KSI ROOT.INCH 

CRACK ARREST STRESS INTENSITY FACTOR. KIA = 200.00 KSI ROOT INCH 

RATIO. KIA/KI = 3.17 

ACCEPTANCE CRITERIA KIA/KI MUST BE GREATER THAN 3. 16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL CODE 

(1977 EDITON THROUGH SUMMER 1979 ADDENDA), PROVIDED THE PRIM;-'RY STRESS LIMITS OF 

@3000 ARE SATISFIED FOR THE FLAWED SECTION



32 -11 64054- 00 

ER 86-019 Indication No. 18/19 Combined (Treated as a Surface Indication) 

S:FLAW TYPE SURFACE 

INITIAL FLAW 'DEPTH, (A) 6. 00000 IN 

INITIAL FLAW LENGTH = 12.00000 IN 

W ALL 1 HICKN ESS = 12.o000 IN 

KI CALCULAf ED AT PERIPHERY OF SURFACE FLAW WHERE BETA = 0.0 DEG 

CRACK TIP TEMPERATURE = 275.0 F 

REFERENCE NIL DUCTILITY TIEMPERATURE = 20.0 F 

YYIELD STRENGTH = 50.00 KSI 

SCALING CONSTANT USED IN PARIS EQUATION 0.379E-09 

EXPONENT USED IN PARIS EQUATION 3.726 

MEMBRANE STRESS = 13.65 KSI 

DENDING STRESS = 11.35 KSI 

V UE CRACK GROWTH 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE DENDING CYCLES INITIAL FINAL 

1 13.65 11.35 240.0 6.0000 6.2243 

2 7.65 18.65 100.0 6.2243 6.2591 

FLAW SHAPE PARAMETER Q = 2.411 

MEMBATNE STRESS CORRECTION FACTOR MM = 1.100 

BENDING STRESS CORRECTION FACTOR MB = 0.298 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 52.54 KSI ROOT INCH 

CRACK ARRES1 STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH 

RATIOKIA/KV'I = 3 

ACCEPTANCE CRI FERIA :KIA/KI MUSr BE GREATER THAN 3.16* 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL CODE 

(1977 EDITON THROUGH SUMMER 1978 ADDENDA), PROVIDED THE PRIMARY STRFSS LIMITS OF 

ARE SATISFIED FOR THE- FLAWED SECTION



. 32-1 64054- 00 

ER 86-019 Indication No. 18/19 Combined (Treated as a Surface Indication) 

FLAW rYPE SURFACE 

INITIAL FLAW DEPTH, (A) 6. 00000 IN 

INITIAL FLAW LENGTH = 12.00000 IN 

WALL THICKNESS = 12.00000 IN 

K-I CALCULATED AT PERIPHERY OF SURFACE FLAW WHERE BETA = 0.0 DEG 

CRACK TIP TEMPERATURE = 275.0 F 

REFERENCE NIL DUCTILITYITEMPERAfURE = 20.0 F 

YIELD STRENGTH = 50.00 KSI 

SCALING CONSTANT USED IN PARIS EQUATION = 0. 379E-)9 

EXPONENT USED IN PARIS EQUATION = 3.726 

MEMBRANE STRESS = 13.65 KSI 

BENDING STRESS = 11.35 KSI 

GUE CRACK GROWTH 

IRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE' BENDING CYCLES INITIAL FINAL 

1 13.65 11.35 1800.0 6.0000 8.3046 

2 7.65 18.65 100.0 8.3046 8.3664 

FLAW SHAPE PARAMETER 0 = 2.411 

MEMBRANE STRESS CORRECTION FACTOR MM = 1.116 

BENDING STRESS CORRECTION FACTOR MB 0.298 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE. KI 61.49 KSI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR. KIA = 200.00 KSI ROOT INCH 

RATIO, KIA/KI = 3.25 

ACCEPTANCE CRITERIA KIA/KI MUST DE GREATER THAN .16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME DOILER AND PRESSURE VESSEL CODE 

(1977 EDITON THROUGH SUMMER 1978 ADDENDA) , PROVIDED rHE FRIMARY STRESS LIMITS OF 

000 ARE SATISFIED FOR THE FLAWED'. SECTION
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. 2-11.64054-00 

ER 86-019 Indication No. 18/19 Combined (Excess Cycles Evaluated) 

FLAW TYPE SUBSURFACE 

INITIAL FLAW DEPTH. (A) 1.15000 IN 

INITIAL FLAW LENGTH = 4.40000 IN 

WALL THICKNESS = 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW = .1.35000 IN 

CRACK TIP TEMPERATURE = 275.0 F 

.REFERENCE NIL DUCTILITY TEMPERATURE = 20.0 F 

YIELD STRENGTH = 50.00 KSI 

SCALING CONSTANT USED IN PARIS EQUATION 0.267E-10 

EXPONENT USED IN PARIS EQ.UATION 3.726 

MEMBRANE STRESS 13.65 KSI.  

BENDING STRESS = 11.35 KSI 

IGUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI). NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13.65 11.35 50000.0 1.1500 1.8211 

2 7.65 18.65 100.0 1.8211 -1.8220 

FLAW SHAPE PARAMETER 0 = 1.449 

MEMBRANE STRESS CORRECTION FACTOR MM = 1.078 

BENDING STRESS CORRECTION FACTOR MS = 0.389 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI 39.01 KSI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH 

RATIO. KIA/KI = 5.26 

ACCEPTANCE CRITERIA : KIA/KI MUST BE GREATER THAN 3.16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL CODE 

(1977 EDITON THROUGH SUMMER 1978 ADDENDA), PROVIDED THE PRIMARY STRESS LIMITS OF 

-3000 ARE SATISFIED FOR THE FLAWED SECTION 

.. . .. .. .
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ER 86-019 Indication No. 4 

FLAW TYPE SUBSURFACE 

INITIAL FLAW DEPTH, (A) = 1.05000 IN 

INITIAL FLAW LENGTH = 5.40000 IN 

WALL THICKNESS = 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW 2.20000 IN 

pCRACK TIP TEMPERATURE = 275.0 F 

R FERENCE NIL DUCTILITY TEMPERATURE = 20.0 F 

Y IELD STRENGTH = 50.00 KSI 

SCALING CONSTANT USED IN PARIS EOUATION = 0.267E-10 

EXPONENT USED IN PARIS EOUATION = 3.726 

-. MEMBRANE STRESS = 13.65 KSI 

BENDING STRESS 11.35 KSI 

GUE CRACY GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13.65 11.35 240.0 1.0500 1.0525 
2 7.65 18.65 100.0 1.0525 1.0531 

FLAW SHAPE PARAMETER 0 = 1.255 

*1EMBRANE STRESS CORRECTION FACTOR MM 1.031 

BENDING STRESS CORRECTION FACTOR MB = 0.475 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 31.60 KSI ROO INCH 

CRACK ARREST STRESS INTENSITY FACTORI KIA = 200.00 KSI ROOF INCH 

RATIO, KIA/KI = 6.33 

ACCEPTANCE CRITERIA : KIA/KI MUST BE GREATER THAN 3.16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER ANO PRESSURE VESSEL CODE 

1977 EDITON THROUGH SUMMER 1978 ADDENDA)l PROVIDED THE PRIMARY STRESS LIMITS OF 

ARE SATISFIED FOR THE FLAWED SECTION 

.. ooo 2,_
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32- 1 1 64 0 54-006 

d ER 86-019 Indication No. 4 (100 X Increase in Size) 

FLAW TYPE SUBSURFACE 

INITIAL FLAW DEPTH, (A) = 2.10000 IN 

INITIAL FLAW LENGrH = 10.80000 IN 

WALL THICKNESS 12. 00000 IN .

ECCENTRICITY OF SUBSURFACE FLAW = 2.2)000 IN 

CRACK TIP TEMPERATURE = 275.0 F 

REFERENCE NIL DUCTILITY TEMPERATURE = 20.0 F 

YIELD STRENGTH = 50.00 KSI 

SCALING CONSTANT USED IN PARIS EO.UATION = 0.267E-10 

EXPONENT USED IN PARIS EQUATION 3.726 

.MEMBRANE STRESS = 13.65 KSI 

BENDING STRESS = 11.35 KSI 

GUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) -NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13.65 11.35 240.0 2.10() 2.1145 

2 7.65 . 18.65 100.0 2.1145 2.1182 

FLAW SHAPE PARAMETER . = 1.255 

MEMBRANE STRESS CORRECTION FACTOR MM 1.141 

BENDING SIRESS CORRECTION FACTOR MB 0.572 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 50.82 KSI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH 

RATIO, KIA/KI = 3.94 

ACCEPTFANCE CRITERIA KIA/KI MUST BE*GREATER THAN '3.16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL CODE 

(1977 EDITON THROUGH SUMMER 1978 ADDENDA), PROVIDED THE PRIMARY STRESS LIMITS C1 

ARE SATISFIED FOR THEFLI-WED SECTION 

6-00 ARKAIFE O



32-1164054-00 

ER B6-019 Indication No. 4 .Ma:x:imum Subsurface Indication) 

FLAW TYPE SUBSURFACE 

INITIAL FLAW DEPTH, (A) = 2.700C IN 

INITIAL FLAIW LENGTH = 14. 04000 IN 
-' 

WALL 1THICKNESS 12. 00000 I N 

ECCENTRICITY OF SUBSURFACE FLAW = 2. 20000 IN 

CRACK TIP TEMPERATURE 275.0 F 

REFERENCE NIL DUCTILIrY TEMPERATURE = 20.0 F 

YTELD STRENGTH = 00 0 CSI 

SCALING CONSTANT SED IN PARIS EQUA 1TION = 0.267E-10 

EXPONENT USED IN PARIS EQUATION 3.726 

MEMBRANE STRESS 13.65 KSI 

BENDING STRESS = 11.35 KSI 

GUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13.65 11.35 240.U 2.7300 2.7661 

2 7.65 18.65 100.0 2.7661 2.775 

FLAW SHAPE PARAHFTER Q = 1.255 

MEM BRANE STRESS CORRECTION FACTOR Mil 1.275 

BEND) -IN- SIRESS CORRZECTION FACTOR MB = 0.43 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 11 ROOT INCH 

CRACK A.(RREST STRESS INTENSITY FACTOR, KI = 200.00 KSI ROOT INCH 

RTIO . KIA/KI = 3.07 

* .-t E~g1 C CTERIA I/f: MUST~I BE C<E --El 1!A-N .1 

I- H 1 S FLA1 IS NOT ACCEPTLE FER SECT'iFN XL OF THE .M3ME BUILER AND FRESSURE 

(1'977 EDITION THROUGH cSUtr'iE 1978 ADDEPIL 

151 SzOTIC



ER 86-019 Indication No. 4 (974 of Iaximum Subsurface) 

FLAW TYPE SUBSURFACE 

INI T IAL FLAW DEPTH, (A) = 2.65000 I 

INITIAL FLAW LENGTH = 13.62900 IN 

WALL THICKNESS = 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW = 2.20000 IN 

CRACK TIP TEMPERATURE = 275.0 F 

REFERENCE NIL DUCTILITY TEMPERATURE 20.0 F 

YIELD STRENGTH = 50.00 KSI 

SCALING CONSTANT USED IN PARIS EQUATION = 0.267E-10 

EXPONENT USED IN PARIS EQUATION 3.726 

MEMBRANE STRESS = 13.65 KSI 

BENDING STRESS = 11.35 KSI 

.GUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEP 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13.65 11.35 240. 0 2. 6500 2.619 

* 7.65 18.65 100.0 2.6819 2.6904 

-FLAW SHAPE PARAMETER 0 = 1.255 

MEMBRANE STRESS CORRECTION FACTOR MM = 1 .251 

BENDING STRESS CORRECTION FACTOR MB = 0.635 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE. KI = 63.02 KSI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH 

RATIO. KIA/KI = 3.17 

ACCEPTANCE CRITERIA: KIA/KI MUST BE GREATER 1HA'iN 3.*16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL COJDE 

1977 EDITON THROUGH SUMMER 1978 ADDENDA), PROVIDED THE PRIAt'RY STRES3S LIMITS OF 

-3000 ARE SATISFIED FOR THE FLAWED SECTION
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32-1164054-00 

ER 86-019 1Idicaticn No. 8 

FLAW TYPE SUBSURFACE 

INITIALL FLAW DEPTH, (A) = 1. 12500 IN 

INITIAL FLAW LENGTH 2.25000 IN 

WALL THICKNESS = 12.00000 IN 

ECCENTRICITY OF SUDSURFACE FLAW = 2.21500 IN 

CRACK TIP 1IEMFERAI URE = 27.0 F 

REFRENCE NIL DUCTILITY TEMPERATURE = 20.0 F 

YIELD S.fRENGOH = 50O KSI 

SCALNG3 cOINSAN T USED IN PARIS EQUA I ION =0.2,67E- 1 

EXPONENI USED IN PARIS EQ.UATION 3.726 

MEMBRANE STRESS 13. 65 KSt 

BENOING STRESS = 11.35 KSI 

CUE CRACK G.RUWTH POTNT 1 LO.CAT ON IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEPFrH (IN) 

NO. MEMBRANE DENDIN G CYCLES INITIAL F. I NAL 

1 13. 65 11. 35 240. 0 1. 1250 1. 1259 

2 7.65 18.65 100.0 1. 1259 1. 1261 

. FLFW SHA-PE PARAMETER 0 = 2. 411 

rErAhtRF<&NE S IRESS CORRECT ION FAC I ORFMM = 1.030 

BENDING STRESS CORECTION FiCTOR r = . 4': 

STRESS INTENSITY FACTOR USING FINAIL FLA1W SIZE, KI 23.97 KSI R:OOf INCH 

CRACK ARREST STRESS'INTENSITY FIACTOR, KIA = 200.-0 KSI ROO INCH 

RAFIlO, I/KI = U. 34 

ACCEPIANCE CRITERI : K IA/KI MUST BE REAIER THAN 3. 1 

IHIS FLAW IS ACCEFtPTALE PER SECTION XI OF THE ASHE BOILER (AND PRESSURE VESSE1- r0 

719 7/ EDII ON THROUGH SUMMER 1978 ADDENDT), PROVIDED 1HE PRIMARY STRESS LIMI1S CF 

m..T ARE Srll.TSF I E) R V1-1E FLAWED SECl ION



ER 86-019 .ndication No. 8 (100 . Increase in Size) 

FlAW TYPE SUBSURFACE 

INITIAL FLA.W DEPTH, (A) 2.25000 IN 

INITIAL FLAW LENG'I H = 4.50000 IN 

WAILL HICKNESS 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW 2.27O00 IN 

CRACK T IP TEMPERATURE = 275.0 F 

REFERENCE NIL DUCTILI TY TEMPERATURE =. 20.0 F 

YIELD S IRENG rH = 0.00 KSI 

SCALING CONSTANT USED IN PARIS EUUTrION = 0. 26E-10 

EXPONENT USED IN PARIS EQUATION = .72b 

' MEM8RANE STRESS = 13.6'5 KSI 

BENDING SIRESS = 11.35 KSI 

GUE CRACK GROWTH POINT .1 LOCtATION IS CRITICAL 

TRANS IEN r STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13.65 11.3 5 .240.0 2.2500 2.2555 
7.65 18.65 100.0 2.2555 2. 257 

FLAW SHAPE PARAMETER GI = 2.411 

MEMBDRANE STRESS CORRECT ION FAC( OR MM = 1.174 

BENDING STRESS CORRECT ION FACTOR MB = 0.db02 

STRESS IN1ENSITY FACTOR USING FINAL FLAi'W SIZE, I = '39.2'0 K(SI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH 

RAr10, KIA/KI= 51 

ACCEPTANCE CRITERIA V " /KI MUST BE GREATER THAN 3.16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PR:ESSURE VESSEL CODE 

(1977 EDITON THROUGH SUMMER 1978 ADDENDA) , PROVIDED THE PRIMARY STRESS LIMI TS OF 

3000 ARE SAiTISFIED FOR THE FL-WED SECTION 

.dll;
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ER 6-Q9 Idictioi N. 8~riximum Subsurface Indication) E R 86-019 Indication No, E 

F)LW TYPE : SU.SUGFACE 

INITIAiL FLAW DEPTrH, (A)700 I 

INI riAL F.LAW LENGTH = 5. 4(000 IN 

WALL THICKNESS 12. 00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW = 2. 27500 IN 

CRACK TIP TEMPERiTURE = 275.0 F 

REFERENCE NIL DUCTILITY TEMPERA fURE 20.0 F 

£IELD STRENGTH = 50.00 KSI 

SCALING CONSTANT USED IN PARIS En.UATION = o.26E--10 

EXPONENT USED IN PARIS EQUATION = 3.72b 

MEMBRANE STRESS = 13.65 KSI 

BENDING STRESS = 11.35 KSI 

GUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENJ ST RESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 1-3.65 11.35 240.0 2. /000 2.7102 

2 7.65 18.65- 100.0 2./102 2.7129 

FLAW SHAPE PARAMETER 0 = 2.411 

MEMDRANE STRESS CORRECTION FACTOR MM = 1. 2c1 

DENDING SIRESS CORRECI ION FAcTOR MB = 0.650 

STRESS INTENSITY FACTOR USING FINAL FLAWJ SIZE. KI = 46.24 KSI ROOT INCH 

CACK ARRES f STRESS I N EENS I TY FACI OR, KIA = 200.00 KSI ROOT INCH 

RATIO,0 K IA/KI = --.5.3 

ACCEPIPNCE CRITEI-A : K IA/K I MUSTI BE GREATER 1HAN 3.16 

THIS FLAW IS ACCEPTADLE PER SECTION XI OF THE (ASHE 13ULER AND PRESSURE VESSEL C00 E 

(197/ EDITON THROU6iH SUMMER 1978 ADDENDA), PROVIDED THE PRIMARY STRESS LIMIlTS OF 

-4!3000 A RE SiTISFIED FOR 1HE FLAWED SECTION 

I --. 
1-s~ 

- .- . . -- '
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(,--32-1164054-01 A& 
R 86-019 Indication No.3/4 Combined 

FLAW TYPE SUBSURFACE.  

INITIAL FLAW DEPTH, (A) = . 05000 I N 

IN ITIAL FL.AW LENGTH = 7.60000 IN 

W'L..L. TH I C::NESS 12.00 0 C' IN 

E C CENTR I C I TY OlF SUDSURFACE FLAW=- 1.66000 IN 

CRC TI P TEMPERATURE= 275.0 F 

R EFERENCE NIL DUCTILITY TEMF'ERTQiURE 20.0 F 

, YI ELD STRENGTH I 0 00 KI1 

Sf ' CONSTANT US FLIN P- R I ED Ui O = 0. 267E- 10 

EXP NENTY USED IN PRIS EQUATION= 3. 726 

7; c -r- fSP 
MEMBRNE SREE == 13 65 KS 

TIUECACK-j GROWTH : f DN LO~CA'TONl~ IS CRITICALF.  

TRASINT STES RAN-L- ::.5 (KSI) ND. Cr FLA DEPT;..N 

1EMRANE BENDIN CYlPLE INITI F N' 

1 ~~17'". 65 1 1.3 24 . 100 0 2 

2 7.65 15.65 100.0 1.0524 1.052 
2. 86. 2. 86 18000. 0 1. 0529 . 05:5 

FLW~ SHPE PARMETER C = 1. 122 

MEMBRNE STRES CORREC.TION FACTOR MM = 1.  

BEtNDING STRESS CORRECTION FACTOR 1B = 0. Z79 

:TRESS I NTEINS I TY F A CTOR USI NG FIN.AiL FLAW SIZE, KI = 1.39 KEI RDT INCH 

CR'CK ARREST STRESS INTENSITY FACTOR, KIA = 20J.00 KSI ROOT INCH 

RATIO, IA/KI = 6. 37 

ACCEPTANCE CRITERIA: KIA/I :" MUST BE GREATER THAN 3. 16 

TH FLAW IS ArCCEFTABEL.E PER SEC7TION XI OF THE PSME PBDILER AND' PRESSURE VESSEL CODE 

(1977 EDITON THROUGH SUMMER 1975 ADDENDA) , FROVIDED THE PRIMgR'Y STRESS LIMITS OF 

-*-.000. ARE SATI2FIED FOR THE FLAWED SECTION 

4-710 I.,le 

~ -. ~ .......



E-R 601 Indi cation f.1/9Cmie - -t? 

FL(AWJ TYPE :SUSlRFACE 

INITIAL FLAW DEPTH, (A) = 15 15000) IN 

I NI TIAL FL.AWv LENGTH = 4. 400C) I ' 

WALL TH I CK NESS = 12.C)000 I N 

ECC ENTrIITY OF SUS RFCE FLAW = 1 . 66000 IN 

CRPC' T IP TEMPER ATURE = 275,., F 

.RE FERENCE. NI DUCT ILITY TEMPEFATURE = 20. F 

VI.~EL.D STENT = 50.00W KS I 

,,.SCALING CONSTANT USED IN PFfARIS EDUATION= 0., 267E--10 

EXPONENT USED IN FARIS ELIATICN 7 26 

MEMBANE STRESS I 1.6~5 KS I 
BENDINGZ 

rTE7 =C 1135K 

*TIGU3ECRiACK GRDWTH : POINT LOATO ISCIIA 

TRANHIENT STE R (::T1 N-. OF FLA = IN 

NA. MEMBRANE ENDIN C I NT FINL C 

' 7. 65 1. 6510 . . 18 1 12 

3.82. G6 10. O 1527Y 

FLAW SHAPE PA RKMETER = 449 

I'MMRA
2 NE STRESS CORRECTION FACTOR. MM 1.030~ 

BEND ING ST RES C'ORRECT ION FCTOR M7 0.3 

SRESS INTENSITY FtCTOR USING FIN)L FLgAW SIZE.I K*I = .19 KE. ROT INCH 

mC::~C ARRPsT STREES INTENSITY FACTOR. IA= 200. OO vin: ROOT INCH 

R _ ATIO, KI E/I = t.85 

.ACCEPTANCE CRITER10 : KIA/'r:I MUST BE GREA~TER THA~N 3. 16 

THIS FLAW IS ACCEFPTABLE PER SECTION XI OF THE AS E BOILER AND PRESSURE VESSEL CODE 

(177 EDI TON THROUGH SUMMER 1978 ADDENDA)zI~ . PROIDE TH PRIM*ARY iTRSS IMTSO 

-100 RE SA;T ISF IED FOR THE FLPWED ECT ION 

u /-jYp 

AtL-# n7y



41os.21oas.1 _ _ _ _ _ 

Babcock&Wilcox 32-116405 0- 0 

S a MO.,mtt comp."mv .. ucle.owrGeeo Divisio GENERAL CALCULATIONS 
rNuclear Power GenerationDysor 

-STEM 2 

CT. t-uT'% C To ST.< A 

3) m s\. \L0 - .T u s -e--D 

S i = \4 .- .03a3T (ci) = .9 .  -~-2 

4- ___4-_c))__ 

PREPARED bY 
. DATE DOC. NO.  

REVIEWED By 
DATE PAGE NO.  

RE IE ED.Y .. 
- -



AAf

7~~v 
LO ~Lo

C--) 
0i 

I - I- (V- 5 0j 

vm 0 
k~Ifl 

Loh 

Q)F

0LI



**.203 . (981 

Babcock & Wilcox 3 2 -116 4 0 5 4 01s.21ousi .8u 

Nuclear Power Generation Division GENERAL CALCULATIONS 

S-r IFCI Wrlqr-a E0g. UN -AAL -T 7UzEX -tWL51 ENTs 

A question was raised as to the effect of system transients 
in addition to the Heatup/Cooldown (HU/CD) and Inservice Leak 
and Hydrostatic Test (ISLET) transients considered in the B&W 
analysi:s.. The specific concern was whether some large cyclic 
transients, although not necessarily of high stress, could be 
significant to flaw evaluation.  

-It wasihoted by B&W that the flaw evaluations performed were 
in accordance with B&W's original stress report, which 
considered only the two transients .(HU/CD and ISLET) as 
significant in the flaw growth calculations. Review of the 
original stress report showed that other transients induce 

* stresses less than the endurance limit stress, and thus do 
not affect the fatigue usage factor.  

To address the cuestion raised, the functional specification 
. was reviewed with respect to transients with-large numbers of 
cycles. Four transients fall into this category: 1) Power 
Loadi.g/Unloading, 2) 10 percent Step Load Increase/Decrease, 
3) Feed and Bleed, and 4) Miscellaneous. The temperature 
variation on the RV due to these transients is 20, 5, 0, and 
0 degrees Fahrenheit respectively.  

The effect of the most sianificant of these four transients, 
the Power Loading/Unloading transient, was evaluated. A 
thermal stress (1.43E cAk/ T) of 5.7 ksi was assumed to vary 

linearly from the ID to the OD. This is a very conservative 
assumption since this stress is actually a surface stress 
which rapidly decays and probably has a zero value at the 
tips 'of the subsurface flaw. The transient membrane and 
bending stresses and cycles were input as a third transient 
into the FLEP (Section XI, Appendix A) flaw evaluation 
program.0 (This evaluation also includes a correction 'to the 
eccentricity as a result of recalculating the edge 
distance'(s).) 

The results of this calculation are attached for the worst 
case indication (ER 86-019 Indication No. 18/19 combined). A 
comparison of these results with and without the effect of 
the Power Loading/Unloading transient included, shows this 

..transient to have an insignificant effect on the flaw 
evaluation.  
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Evaluations of the indications have been made using the Design, Normal 
and Upset transients as specifed in the Reactor Coolant System Functional 
Specification invoked on the Reactor Vessel.  

This area of the Reactor Vessel, i.e., Closure Flange to Upper Nozzle 
Belt forging, is above the inlet and outlet nozzles and is remote from 
the core's fluence, hence its chemical properties remain constant.  

Unanticipated transients which would require consideration from the 
standpoint of flaw growth such as Pressurized Thermal Shock (PTS), 
NRC Stylized, Rancho Seco, Main Steam Line Break (MSLB), Small Break 
LOCA and Control System Malfunctions have little, if any, impact on J 
the area in which the postulated indications are assumed and would 
show larger margins of safety than have been determined becaus of the 
acceptability criteria (Kla /K must be greater thanAf7 vs. -10).  
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. .132-11 64 054- 00 
PROGRAM FLEP I DIMENSION X1(15),Zi(9),Y1(15,9).X2(11),Z2(6),Y2(11,6),X3(13),Z3(6) 

*,Y3(13,,6),X4(8),Z4(4),Y4(8,4),X5(13,),Z5(6),YS(13,,6),X6(83),Z6(4),'t6 

*(8,4) ,SMR(20) SBR(20) ,XNCYCLE(20) ,TITLE(20) AI (20) ,AF(20) ,A12(20) 
*AF2(20) 
REAL MM,MB,KI,KIA,MM2,MB2.KI2 

C****DATA INPUT FOR :MM FACTOR FOR SURFACE FLAW 

'DATA(X1(I),I=1,15)/.OO,.05,.10,.15,.20,.-25,.30,.35,.40..45,.50,.55 
,.60 ,.65,.70/ 

DATA(Z1 (I) ,I=1,9)/.00,.05,.10,.15,.20,.25,.30, .35,.50/ 
DATA((Y1(K,L),L=1,9),K1,IS)/ 

*1.112,1.105,1.100,1.100,1.100,1. jO,1.100,1..100,L100, 
1.128.,1.121,1.102,1.  

1.188,1.149,1.121,1.11 , .- (, . 0 , . 0 , . 0 , . 0 , 

*1.259,1.192,1.151;1.130,1.108,1.l00,1.100,1.100,1.100, 
*1.367,1.257,1.195,1.158,1.125,1.112,1.104,1.100,1.100, 
1.514,1.346,1.253,1.195,1.151,1.130,1. 114, 100,1.100, 

*1.703,1.452,1.320,1.238,l.182,1.151,1.127,1.1001.100, 
*1.956,1.584,1.406,1.294,1.221,1.179,1.143,1.100,1.100, 
*9.000,1.739,1.5o8,1.354,1.264,1.208E,1.162,1. 100,1.100, 

*9.000,.930,1.6,1,1.420,1.100,1.244,1.186,1.100,1.10, 
*9.000,9.00)0,1.776,1.523,1.381,1.283,1.214,1.100,1.100, 
*9.000,9.000,1.934,1.646,1.452,1.28,1.242,1.100,1.100, 
*9.000,9.00),9.10,1.,10.543,1.3851.274,1.104,1.104, 
*9.000,9.000,9.000,1.975,1.644,1.443,1.309,1.110,1.110, 
*9.000,9.000,9.000,.000,1.765,.514,11..59,10117,1.117/ 

C**** DATA INPUT FOR MB FACTOR FOR SURFACE FLAW WITH BETA=0. DEG 

DATA(X2(I).I=,11)/.00,.05,. 10,.15..20,.25,.30,.35,.40,.45,.50/ 

*1.059,1.024,0.995,0.979,0.965,0.950, 
*1.037,0.977,0.927,0.912,O).897,0.8379, 
*1 .034,0).93,4,0.8369,Q.848,0.828,e~..O

6 , 

*1.045,c0.89,0.810),0.781,0.
7 51, 0 .7 14 , 

*1 .072,0.862,0.758,0.713,O. 693N,0. 662, 
*1. 117,0.836,01709,0.658,2.627,,1..090, 
*1.178,0.820,0.665,0.597,0.550,0.514, 
*1.256,0.815,.626,0.548,0.4385,0.444, 
*1.056,0.802 .69,0.1591,0.481,18.412,0.371, 
*1.478,0.866,.0.561,0.420,0.343,0.298/ 

C **** DATA INPUT FOR MM FACTOR FOR SUBSURFACE FLAW AT POINT 1 

DATA(X3(I) ,I=1,13)/.00,.05,. 10,. 15,.20,.25,.30,.35,.40,.45,.50,.55 

DATA(Z2(I),1=1,6)/.0,.1,.,3,.4,.5,65 

DATA.((Y2(KL),L=1,6),K=1,11)/ 

*1.010,1.037,1.080,1.139,1.234,1.366, 
*1.010,1.03,1.081,1.144,1.247,1.980, 
1.011,1.041,1.085.1.152,1.264,1.402, 

*1.012,1.04,O.891,1.8165,1.8285,1.40, 
1.11.046,1.099,1.179,1..20,1.466, 
*1.1,080,1.665,1.597,1.50,0.514, 

*1.015,1.054,1. 123,1.216,1.681.587, 
1.018,1.062,1. 66,.243,,1.407,9.000, 

*1.022,1.7,1.151,1.274,1.463,9.00, 
* *1. 028, 1. 082,.1. 170, 1. 308, 9. 000, 9. 000, 

*1.033,1.095,1.1901.40.343.000,9.0, 
*1.0)4.1,1.112, 1.212,1.39.,5.000,9.:'00,

C *DATA INPUT FOR MM FACTOR FOR SUBSURFACE FLAW AT POINT 1 

DATA(X4(I),I=1,8)/.1,.2,.2,.3,.4,.5,.6,.7/ 

DATA((Y34(K,L),L=1,6),K=1,13)/ 

1.0101.03,1.01,1.44,1247,.380 
1.1 104 , .085*,1.152,1.~264,1.402,gzpy~ 

1......012......1..04,.9.165,1..285,.430



.~~~~~~,& ~ ~ .. .... . 2 q t Zr'lh . * r 

*ij. t~ 0. 4 1u4 
*0.261 0.361.0.474,0e 8.; 

.*0.365, 0.468.0.590,0--4B 48, 17-: 64 1) 
*0..471,0.577,0.706,0.894, 
*0.568,0.687,0.832,9.000, 
*0.671,0.816,0.984,9.000, 
*0.765,0.961,9.000,9.000/ 

C**** DATA INPUT FOR MM FACTOR FOR SUBSURFACE FLAW AT POINT'2 

DATA(X5(I),I=1,13),/..OO,.05,.10,.15,.20,.25.30,.  

DATA(Z5(I),I=1.,6)/.15,.25,.35,.45,.55,.65/ 
DATA ((Y5 (K, L) ,L= 1,6) ,K= 1 13)/ 

S 1. 0 10, 1.(037, 1.08E0,1.139, 1. 232,1. 34.1 , 

1001. 037 ,1.077,1. 134, 1.2311A 1 

*1.011,1.038,.077,1.132,1.232,1.363, 
*1.012,1.039,1.080,1.135,1.237,1.367, 
1.013,1.039,1.084,1.141,1.244,1.373, 

*1.014,1.041,1.089,1.149,1.
2 5 3,1.3 8 2, 

*1.015,1.0)42,1.0)94,1.157,1.264,1.39:,, 
*1.016,1.047,1.104,1.172,1.277,9.000, 
*1. 016,1.052 ,1.112,1.191,1.293 ,9. 000, 

*1.01 8 ,1.0 6 1,1.125,1.212,9.000,9.000, 
1. 021, 1. 072, 1. 139, 1. 237, 9. 0001,9. 000, 

*1.028,1.086,1. 156,1.266,9.000,9.000, 
*1.037,1.105,1.179,1.298,9.000,9.000/ 

C**** DATA INPUT FOR MB FACTOR FOR SUBSURFACE FLAW AT POINT 2 

DATA(X6(I),I=1,8)/.O,.1,.2,.3,.4,.5,.6,.7/ 
DATA(Z6(I),1=1,4)/.1,.3,.5,.

7 / 

DATA((Y6(K,L),L=1,4),K=1,8)/ 
*-.050,-.158,-.258,-.382, 

. *0.045,-.054,-.158,-.281, 
*0.152,0.055,-.050,-.171, 
*0.255,0.163,0.052,-.065, 
*0.358,0.268,0.159,0.058, 
*0.458,0.373,0.272,0.185, 
*0.570,0.490,0.398,0.313, 
*0.671,0.608,0.526,0.435/ 
READ 5,NFLAW 
DO 10 K=1,NFLAW 

READ 15, (TITLE(I),1=1,20) 
PRINT 20,(TITLE(I),I=1,20) 
READ 2 5,NTYPE,A,XLL,E,T,8ETA,NrRAN,SM,SB 
READ 3 0,TEMPSYIELD,RTNDT,C,XN,KI,KIA 
READ 35, (SMR(I) ,SBR(I) ,XNCYCLE(I) ,1=1,NTRAN) 

IF(NTYPE.EQ.2) GO TO 40 
PRINT 45 
GO TO so 

40 PRINT 55 
50 PRINT 60,AXLL,T 

IF(NTYPE.EQ..1) GO TO 75 

PRINT-80,E 
GO TO 85 

75 PRINT 90;BETA 
85 PRINT '95,TEMP,RTNDT 

WKI=KI 
IF(KI.NE.O.0) GO TO 281 
PRINT 105,SYIELD 
PRINT 110,C 

PRINT 120,XN 
PRINT 125,SM,SB 
LL=1 
A1=A 
XL=XLL 
X=A/XLL 
IF(X.'3T.0.5) GO TO 135



14(. iF(N'YPE.EC..2) eu ro 145 
c**** bETERMINE MM FACTOF 2,OR 3UFC 2A 3? 1 6 4O50 C 0 

KEY=l C +.  

ZZ=A1/XL 
DO 15o 11=1,15 

150 IF(X1(I1).GE.XX) GO TO 155 
GO TO 135 

155 1P111 

DO 160 16=1,9 
160 IF (Zl(31).GE.ZZ) GO TO 165 

GO TO 135 
165 JPI=J1 

DX31=31-lll)(lI~)X(I 

DZ1=-(ZZ-Z71(JJ1))/(Zi(JP1)-Z1(331)) 
IF(Yl(II1,331).GT.2.) GO TO 135 

'IF(Y1(.IPI,JJ1).GT.2.) GO TO 135 

IF(Y1(II1,3P1).GT.2.) GO TO 135 
IF (Yl(IP113P1).GT. 2.) GO TO 135 

* YAI1Y1 (111,JJI)-IDXI*(Y1 (IPI ,331)-Y1 (111,331)) 

MM=:YA1+DZ1*(YB1-Y~l) 
IF(SETA.EQ.90.): GO TO 175 

S C**** DETERMINE MB FACTOR FOR SURFACE FLAW AT BETA=0 DEGREES 

IF(LL.EQ.1) GO TO'.200 
IF(XX.GT.0.25)2GO TO 215 
GO TO 205 

215 IF(ZZ.GT.0.1) GO TO 205 

200 DO 180 12=1,11 
160 IF(X2(I2).GE.XX) GO TO 185 

GO-TO.135.  
185 IP2I2 
* 112=12-1 

DO 190 21,6 
190 IF(Z2(2).GE.ZZ) GO TO 195 

GO TO 135 
195 JP2=J2 

Il2=I2-1 
DX2=(XX-X2(Il2))/(X2 (IP2)-X2(II2)) 
DZ2=(ZZ-Z2(JJ2))/(Z2(JP2)-Z2(JJ2)) 
YA1=Y2(II1JJ2)+DX2*(Y1(IP2,JJ2)-Y2(II2,JJ2)) 
YB2=Y2(II2,JP2)+DX1*(Y2(IP2,JP2)-Y2(II12,P

2 )) 

MB=YAi2+DZi4*(YB2-YA2) 
F(SGO TO 205 

C**** DETERMINE MB FACTOR FOR SURFACE FLAW AT BETA=90 DEGREES 

175 IF(LL.GT.1) GO TO 205 
IF(XX.GT.O.5) GO TO 135 
IF(ZZ.GT.O.3) GO TO 135 
IF(Z2.LT..2) GO TO 1 5 
DX2=I(XX-0.)/(0.5-0.) 
D Z2= (Z Z -C). 2) / (0. 3-0. 2) 
YI2=I821+DX2*(0.805-0.821) 
YBI2. 956DX2* (0. 92-. 956) 

MB=(A2+DZ*2* (YB2-YA2) 
GO TO 205 

JO =J.1.  

***DETERMINE MM FACTOR FOR SUBSURFACE FLAW AT POINT 1 
145 XX=2.*E/T 

ZZ=2.*A1/T. .

DO 220 I3=1,13 
220 IF(X3(13)GE.XX) GO TOI 22 (I5 

GO TO 135 
225IF . 1 T2 

IF(XX.6T.O.5)=GO TO 135 

A
IF(ZZG .. 3) GO TO 13 5.  

IF(Z0...2).GO.TO.1.5



230 IF(Z (J.5) .UE.l> GO HI 

mo0 ra-135 Cc. 6&5 -. i 
235 JP3=J3 

DX3=(XX-X3(111) )/(X3(IPF3)-X3N(I13)) 
DZZ=(ZZ-Z3 (3J3) )/(Z3 (JPZ3) -Z3 (33)) 
IF(Y3(II3,JJ3).GT.2.) GO TO 135~ 
IF(Y3(IP3,.J33).GT.2.) GO TO 135 

IF(Y3(II:3,3P3). GT'.2.) GO TO 135 

17~.IF(Y7,(1P3,3P3).GT.2.) GO TO 135 

YA3:,YZ7(I 13.J J3) +DX3* (Y3 (I P3, J J )'((IJ 

YBa3=Y3 (I13,3P3:) +DX* (Y3 (I'3,JP3T) -Y3 (1,JPZ)) 

Y: . MM=YA3+DZ3* ('B3-YA3) 
C**** DETERMINE MB FA~CTOR FOR SUBSURFACeF FLAW A~T POINT. 1 

Do 240 44=1,0 
241) IF(X4(I4).GE.XX) GO TO 245 

GO TO 135, 
245 IP4=14 

114=I4-1 
DO 250) J4=1,4 

250 IF(Z4(34).GE.ZZ) GO TO 255 

GO TO 135 
255 3P434 

J3344-1 
DX4=(XX-X4(II4))/(X4(IP4)-X

4 (II4 )) 

DZ4=(ZZ-Z4(JJ34))/(Z4(JP4)-Z4(JJ
3 4 )) 

IF(Y4(II4,,J34).GT.2.) GO TO 135 
IF(Y4(IP4,334).GT.2.) GO TO 135 

IF(Y4(II43,JP4).GT.2.) GO TO 135 
IF(Y4(IP4,3P4).GT.2.) GO TO 135 

YA4=Y4(II4,JJ34)+DX4*(Y4(IP4,JJ34)-Y(II43JJ34)) 
YB4=Y4(II4,3P3)+DX4*(Y4(IP4,JP4)-Y4(II4,

JP4 )) 

MB=YA4+DZ4*(YB4-YA4) 
DETERMINE FINALFLAW SIZE 

20 5 AI(1)=A 
DO 265 I=1,NTRN 
DI=SMR(I)*MM*1. 77245/ (Q**.5) 

D2=SBR(I)*MB*1.77245/ (O*05 

D=D1+D2 
IF (D. LT. 0.C)) D=0.0 
F= (2. -XN) /2.  
A(I) =(AI (I) **F+F*C*(D)**XN*XNCYCLE (I) )** ( /F) 

265 AI (I+1) =F (1) 
IF(PAF(NTRAN).LT. (1.01*A1)) GO TO 270 

I1=AF (NTRAiN) 

* XLAF (NTRAN) *XLL/fA 
LL=:LL+ 1 
GO TO 140 

270 IF(NTYPE.EQ.l) GO TO 271 

C**** DETEIRMINE MM FACTOR FOR SUBSURFACE FLAW.AT POINT 2 

217.ZZ=2.*A!/T 
DO 221 15=1,13 

221 IF(X5(J5).GE.XX) GO TO 226 
GO TO 135 

2 26 1P5=I5 
A~ 15=15-1 

DO 231 J5=1,6 

* 31 I( Z5 J)E . Z Z G0 TO 236 

236 3P5=J5 
JJ5=J5-1 
DX5=(XX-X5(II5))/(X4(IP5)-X4(II4)) 
DZ5=(ZZ-Z(J35)) / (Z5 (JP5) -Z (J35)) 

IF(Y5(II5,J45).GT.2.) GO TO 135 

IFY4I4,P4.T.. GO T 13 

MB=YA4+DZ4 ,.*.(YB4-A).  

DETRMINEB" FINALFLAW IZE



* , IF (i55(II5,JP5 . T.26 LO 1o 1 .5 

, IF(Y5(IP5,JP5).GT. GO TO 135 032-1164054- 00 
YA5=Y5(II5,JJ5)+DX5AY5(IP5,JJ5)-Y5(II

5 ,JJS)) 

YS5=Y5(II5,JP)+DX5*(Y5(IP5,JP)-Y(II5,JP5)) 
MM2=YA5+DZ5*(YB5-YA5) 
DETERMINE MB FACTOR FOR SUBSURFACE FLAW AT POINT 2 

DO 241 16=1,8 
241 IF(X6(I6).GE.XX) GO TO 246 

GO TO 135 
246 IP6=16 

116=I6-1 
DO 251 36=1,4 

251 IF(Z6(J6).GE.ZZ) GO TO 256 
GO TO 135 

256 JP6=J6 
JJ6=36-1 
DX6=(XX-X6(II6))/(X6(IP6)-X6(II6.)) 
DIZ6=(ZZ-Z6(JJ6))/(Z6(JP6)-Z6(JJ6)) 
YA6=Y6(II6,JJ6)+DX6*(Y6(.IP6,JJ6)-Y

6 (II6 ,JJ 6 )) 

YB6=Y6(II6,JP6)+DX6*(Y6(IP6,JP6)-Y6(II6,JP
6 )) 

MB2=YA6+DZ6*(YB6-YA6) 
C**** DETERMINE FINAL FLAW SIZE FOR POINT 2ON SUBSURFACE FLAW 

A12(1)=A 
DO 266 1-1,NTRAN 
D1=SMR(I)*MM2*1.77245/(Q**o.:5) 
D2=SBR(I)*MB2*1.77245/(Q**0.

5 ) 

D=Di+-1D2 
IF(D.LT.O.0) D=0.0 
F=(2. -XN) /2.  
AF2(I)=(AI2(I)**F+F*C*(D)**XN*XNCYCLE(I))**(1/F) 

266 AI2(I+1)=AF2(I) 
:IF(AF2(NTRAN).LT.(1.01*Al)) GO'TO 27f W A1=AF2(NTRAN) 
. GO TO 217 

.C***.* DETERMINE STRESS INTENSITY FACTOR, KI 

271 .KI=SM*MM*1.77245*(AF(NTRAN)/Q)**0.5 + S8*MB*1.77245*(AF(NTRAN)/Q)* 
1*0.5 

IF(KIlLT.O0.0) KI=0.00O1 
IF(NTYPE.EQ.1) GO TO 281 
K12=SM*MM2*1.77245*(AF2(NTRAN)/Q)**0.5 + SB*MB2*1.77245*(AF2(NTRAN 

* 1)/Q)**0.5 
IF.(KI2. LT. 0.0) K12=0.0001 
IF(KI.GT.KI2) GO TO 280 

lKEY=3 
KI=KI2 
MM=MM2 
MB=MB2 
DO 279 I=1,NTRAN 
S1 AI(I)=A12(I) 

279 AF(I)=AF2(I) 
GO TO 281 

280 KEY=2 
C**** DETERMINE CRACK ARREST STRESS INTENSITY*FACTOR, KIA 

281 IF(KIA.NE.0.) GO TO'285 
KIA=1.233*(2.71S28**(0.0145*(TEMP-RTNDT+160.))) + 26.78 
IF(KIA.LT.200.) GO TO 285 
KIA=200.  
DETERMINE RATIO OF KIA TO KI 

285 RATIO=KIA/KI 
IF(WKI.NE.O.0) GO TO 304 
IF(KEY-2)286,287,288 

286 PRINT 130 
GO TO 289 

287 PRINT 131 
GO TO 289



29 RFRIN r 1:s3 .  
PRINT 275, (I,SMR(I):BR(I) ,XNCYCLE(I),AI(I),AF ),I=1,NTRAN) 
PRINT 290,Q,MM,MS 

304 PRINT 305,KI 32-11 64054
PRINT 310,KIA .2. 6 .400 
PRINT 315,RATIO 
PRINT 320 
IF(RATIO.GE.3.16) GO TO 325 

PRINT 330 
GO TO 10 

325 PRINT 340 
10 CONTINUE 

GO TO 350 
- 135 PRINT 355 
350 CONTINUE 

5 FORMAT(I5) 
15 FORMAT(20A4) 
20 FORMAT(//,20A4//) 
25 FORMAT(4X,I1,5F10.0,3X,I2,2F10.0) 
30 FORMAT(3F10.0,E10.0,3F10.0) 
35 FORMAT(3F10.0) 
45 FORMAT(1HO,'FLAW TYPE SURFACE') 

55 FORMAT(iHOCFLAW TYPE SUBSURFACE') 
60 FORMAT(1HO,'INITIAL FLAW DEPTH, (A) = ',F10.5,' IN '//' INITIAL FL 

1AW LENGTH = ',F1O.5,' IN,'//' WALL THICKNESS = ',F10.5,' IN ') 

80 FORMAT(1HO,'ECCENTRICITY OF SUBSURFACE FLAW ',F1O.5,' IN ') 

90 FORMAT(1HO,'KI CALCULATED AT PERIPHERY OF SURFACE FLAW 
WHERE BETA 

1= ',F5.1,' DEG ') 

95 FORMAT(1HO,'CRACK TIP TEMPERATURE = ',F6.1,' F '//' REFERENCE NIL 

IDUCTILITY TEMPERATURE = ',F6.1,' F ') 

105 FORMAT(1HO,'YIELD STRENGTH = ',F7.2,'-KSI .') . 110 FORMAT(lHO,'SCALING CONSTANT USED 
IN PARIS EQUATION ',E10.3) 

120 FORMAT(IHO.,'EXPONENT.USED IN PARIS EQUATION = ',F7.3) 

125 FORMAT(1HO,'MEMBRANE STRESS = ',F7.2,' KSI '//1X,'BENDING STRESS 

1 -',F7.2,' KSI ') 

130 FORMAT(1HO,'FATIGUE CRACK GROWTH 

131 FORMAT(1HO,'FATIGUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL') 

132 FORMAT(1HO,'FATIGUE CRACK GROWTH POINT 2 LOCATION IS CRITICAL') 

133 FORMAT(1HO,4X,'TRANSIENT STRESS RANGES (K I) NO. OF FL 

*1AW DEPTH (IN)'/5X,'NO. MEMBRANE BENDING, CYCLES 

2 INITIAL FINAL'//) 

275 FORMAT(1H ,6X,I3,9X,F7.2,3X,F7.2,4X,F10.1,2X,F9.
4 ,F9 .4 ) 

290 FORMAT(iHO,'FLAW SHAPE PARAMETER 0. = ',F7.3//' MEMBRANE STRESS COR 

IRECTION FACTOR MM = ',F7.3//' BENDING STRESS CORRECTION FACTOR MBI 

1= ',F7.3) 
305 FORMAT(1HO,'STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 

1F7.2,' KSI ROOT INCH ') 

310 FORMAT(1HO,'CRACK ARREST STRESS INTENSITY FACTOR, KIA = ',F7.2,' K 

1SI ROOT INCH'.) 
315 FORMAT(1HO,'RATIO, KIA/KI ',F7.2) 

320 FORMAT(1HO,'ACCEPTANCE CRITERIA : KIA/KI MUST BE GREATER THAN 3.16 

1') 
330 FORMAT(1HO,'THIS FLAW IS NOT ACCEPTABLE PER SECTION XI OF THE ASME 

I BOILER AND PRESSURE VESSEL CODE '/' (1977 EDITION THROUGH SUMMER 

21978 ADDENDA) ') 

340 FORMAT(1HO.'.THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOI 

1LER AND PRESSURE VESSEL CODE '/' (1977 EDITON THROUGH SUMMER 1978 

2ADDENDA), PROVIDED THE PRIMARY STRESS LIMITS OF'/' NB-3000 ARE SAT 

3ISFIED FOR THE FLAWED SECTION ') 

355 FORMAT(1HO,'PARAMETER OUTSIDE TABULATED VALUES, EXECUTION-TERMINAT 

lED') 
STOP 
END
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with regArds to confidence in the as-measured dimensions it was 

decided to increment each flaw addressed .. by ten percent (10 I.) 

until it failed to meet acceptability. Having .started this for 

flaw number 18/19 it was quickly seen that the changes in growth 

and crack arrest value was negligible, therefore it -was decided 

to double each flaws initial size, determine its status and 

increment from this size. In each case the original flaw size, 

when doubled, using ASME Section XI, Appendi:-: A, methodology, 

satisfied the requirements of IWB-3612. The end result was that 

each sub-surface flaw could be enlarged until it almost became a 

surface flaw and meet acceptability requirempnts.  

The calculations contained within represent a variety.. of flaw 

sizes and cycles for e.ach indication of concern as well as a very 

conservative evaluation of indication number 18/19 when it gets 

reclassified from a sub-surface to a surface indication. As can 

be seen from the various outputs considerable safety margin exist 

when compared to original flaw size and/or number of cycles to 

cause failure.  
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ER 86-019 Indication No. 18/19 Combined 

FLAW TYPE SUSSURFACE 

INITIAL FLAW DEPTH, (A) 1.15000- IN 

INIT[I AL F:LA\W LENG F= 4. 40000 IN 

WALL THIC KNESS = 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW 1.35000 IN 

CRACK TIP 1 EMPERF1TURE 275.0 F 

REFERENCE NIL DUCT LI TY I EMPERA URE = 20.0 F 

YIELD SIRENL3T H 50. 0.0 KS I 

SCALING CONSTAiT USED IN FARIS ElQUATION = 0.267E-10 

EXPONENT USED IN PARIS'EQUATION = 3.726 

EMIRANE SfRESS = 13.65 KSI 

BENDING STRESS,= 11.35 t::SI.  

GUE CRACK GROWTH POINT 1 LOCAfION IS CRIT ICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLA DEPTH (IN) 

NO. MEMBRANE 13ENDIN3 CYCLES INITIAL FINAL 

1 13.65 .11.35 240.0 1.1500 1.1516 

2 7.65 18.65 100.0 1.1516 1.151 

F-LAW SHAPE PARAMETER 0 = 1.449 

l*1EMO5RANE STRESS:COJRREC[TION FCT~1OR MM =1 .0 

BENDING STRESS CORRECTION FACTOR 1113 = .333 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 28.15 KSI ROOT INCH 

CRACK 1ARREST*,STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH 

~rlO* KIA/KI = /. 10 

ACICEPTANCE CRITERIA : KI/KI MUS r DE GREA rER THN 3.16 

MHIS FLAW IS ACCEPTABLE PER SECTIOIN X1 OF THE ASME BUIlER AND PR ESURE VESSEL Cl 

(1977 EDITON HROU(GH SUMMER 1978 ADDENDA) PROVIDED THE PRIMARY STRESS LIMITS OF 

000 RE S(T ISF.lED FOR TiHE FLAWED SECTION 

T ,f6/ /3&6 fc -- ~&
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ER 86-019 Indication No. 18/1l? Combined (100 . Increase in Size) 

FLAW TYPE SUBSURFACE 

INi rAL FLAW DEPTH, (A) = 2. 30000 IN 

INITIAL FLAW LENGfH = 8.80000 IN 

WALL THICKNESS = 12.00000 IN 

ECCENTRICIT'( OF SUDSURFACE FLAW = 1. 35000 IN 

CRACK TIP TEMPERATURE 275. CY F 

REFERENCE NIL DUCTILITY TEMPERATURE = 20.0 F 

YIELD STRENGTH,= 50.00 Kl:SI 

SCALING CONSTANT USED IN PARIS E LUATION = 0.267E-10 

EXPONENT USED IN PARIS EQUATION 3.726 

MEMBRANE STRESS = 13.65 KS I 

BENDING SIRESS 11.35 KSI

.B- GUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KS I) NO. OF FLAW DEPTH (iN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13. 65 11 . 35 240.O .0 2.3000 2. 3097 

7.65 18.65 - 100.0 2.3097 2.3117 

FLAW SHAPE PARAMETER ! = 1.449 

MEMBANE STRESS CORRECTION FACTOR MM 1.13.3 

BENDING STRESS CORRECTION FACTOR MB = 0.436 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 45.68 KSI ROOT INCH 

CRACK ARREST, STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH 

RA'TIO. KIAK =1 4.738 

ACCEPTANCE CRITERIA KIA/KI MUST BE GREATER THAN 3. 16 

THIS FLANW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL C00 

(1977 EDITON :THROUGH SUMMER 1978 ADDENDA), PROVIDED THE PRIMARY STRESS LIMITS OF 

. 3000 ARE SATISFIED FOR THE FLAWED SECTION
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ER 86-019 Indication No. 18/19 Combined (Maximum Subsurface Indication) 

*II) 

FLAW fYPE SUBSURFACE 

INITIAL FLAW DEPTH. (A) = 3.33500 IN 

INITIAL FLAW LENGTH = 12.76000 IN 

WALL THICKNESS = 12.00000 IN i 

ECCENTRICITY OF SUBSURFACE FLAW = 1.35000 IN 

CRACK TIP TEMPERATURE = 275.0 F 

REFERENCE NIL DUCTILITY TEMPERATURE = 20.0 F 

YIELD STRENGTH = 50.00 KSI 

SCALING CONSTANT USED IN FARIS EQUATION = 0.267E-10 

EXPONENT USED IN PARIS EQUATION = 3.726 

MEMBRANE STRESS = 13.65 KSI 

BENDING STRESS = 11.35 KSI 

GUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13.65 11.35 240.0 3.3l50 3.3744 

2 7.65 18.65 100.0 3.3744 3.3829 

FLAW SHAPE PARAMETER 0= 1.449 

MEMBRANE STRESS CORRECTION FACTOR MM = 1.345 

BENDING STRESS CORRECTION FACTOR MB 0.550 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE. KI 66.64 KSI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR. KIA = 200.00 KSI ROOT.INCH 

RATIO, KIA/KI = 3.00 

ACCEPTANCE CRITERIA : KIA/KI MUST EE GREATER THAN 3.16 

THIS FLAW IS NOT ACCEPTABLE PER SECTION XI OF THE.ASME BOILER AND PRESSURE VESSEL 

(1977 EDITION THROUGH SUMMER 1973 ADDENDA) 

(IL)3e ~t%~~-



32-1164054-0o 

ER 86-019 Indication No. 18/19 (96%. of Maximum Subsurface) 

FLAW TYPE SUBSURFACE 

INITIAL FLAW DEPTH, (A) = 3.19000 IN 

INITIAL FLAW LENGTH = 12.20500 IN 

WALL THICKNESS = 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW = 1.35000 IN 

CRACK TIP TEMPERATURE = 275.0 F 

REFERENCE;NIL DUCTILITY TEMPERATURE = 20.0 F 

YIELD STRENGTH 50.00 KSI 

SCALING CONSTANT USED IN PARIS EQUATION = 0.2657E-10 

EXPONENT USED IN PARIS EQUATION = 3.726 

MEMBRANE STRESS = 13.65 KSI 

BENDING STRESS 11.35 KSI 

GUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13. 5 11.35 240.0 3.1900 3. 2222 

2 7.65 18.65 100.0 3.2222 3.2291 

FLAW SHAPE PARAMETER 0 ,= 1.449 

MMEMRANE STRESS CORRECTION FACTOR NMI 13.o 

BENDING STRESS CORRECTION FACTOR MB = 0.531 .  

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE. KI = 63.12 KSI ROOT.INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH 

RATIO. KItA/KI = . 17 

ACCEPTANCE CRITERI I KIA/KI MUST BE GREATER THAN 3.16 

THIS FLAW IS ACCEPTAB8LE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL CODE 

(1977 EDITON THROUGH SUMMER 1978 ADDEND") , PROVIDED THE PRIMARY STRESS LIMITS OF 

.:3000 ARE SATISFIED FOR THE FLAWED SECTION



32 -11 64054-00 

ER 86-019 Indication No. 18/19 Combined (Treated as a Surface Indication) 

FLAW TYPE SURFACE 

INITIAL FLAW DEPTH, (A) 6.00000 IN 

INITIAL FLAW LENGTH = 12. 00000 IN 

WALL 1HICKNESS 12.00000,IN 

KI CALCULA fED AT PERIPHERY OF SURFACE FLAW WHERE BETA 0.0 DEG 

CRACK TIP TEMPERATURE = 275.0 F 

"'REFERENCE NIL DUCTILITY IEMPERATURE = 20.0 F 

YIELD STRENGTH 50.00 KSI 

SCALING CONSTANT USED IN PARIS EQUATION = 0.379E-09 

EXPONENT USED IN PARIS EQUATION = 3.726 

MEMBRANE STRESS = 13.65 KSI 

DENDING STRESS = 11.35 KSI 

LIE CRACK GROWTH 

TRANSIENT .STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 
NO. MEMBRANE DENDING CYCLES INITIAL FINL 

1 13.65 11.35 240.0 6.2243 

2 7.65 18.65 100.0 6.2243 6.25?1 

FLAW SHAPE PARAMETER Q = 2.411 

MEMBRANE STRESS CORRECTION FACTOR MM = 1. 100 

BENDING STRESS CORRECTION FACTOR MB = 0.298 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 52.54 KSI ROOT INCH 

CRACK ARRESI STRESS INTENSITY FACTOR, KIA 200.00 KSI ROOT INCH 

RATIO, KIA/K<I = 3 351 

ACCEPTANCE CRIFERIA : KIA/KI MUSr BE GREATER THAN 3.6 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL CODE 

(1977 EDITON THROUGH SUMMER 1978 ADDENDA), PROVIDED TiE PRIMARY STRESS LIMITS ("F 

000 ARE SATISFIED FOR THE FLAWED SECTION



32-1164054-00 
ER 86-019 Indication No. 18/19 Combined (Treated as a Surface Indication) 

,l FLAW rYPE SURFACE 

INITIAL FLAW DEPTH, (A) = 6.00000 IN 

INITIAL FLAW LEN3T*H = 12.0000) IN 

WALL THICKNESS 12. 00000 IN 

KI CALCULATED AT PERIPHERY OF SURFACE FLAW WHERE BETA = 0.0 DEG 

CRACK TIP TEMPERATURE = 275.0 F 

REFERENCE NIL DUCTILITY TEMPERAfURE = 20.0 F 

YIELD STRENGTH '= 50.0 KSI 

SCALING CONSTANT USED IN PARIS EQUATION = 0.379E-09 

EXPONENT USED IN PARIS EQUATION = 3.726 

MEMBRANE STRESS 13.65 KSI 

BENDING STRESS = 11.35 KSI 

GUE CRACK GROWTH 

TRANSIENT I STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE* BENDING CYCLES INITIAL FINAL 

1 13.65 11.35 1800.O 6.0000 8.3046 

2 7.65 18.65 100.0 8.3046 8.3664 

FLAW SHAPE PARAMETER 0. 2.411 

MEMBRANE STRESS CORRECTION FACTOR MM = 1.116 

BENDING STRESS CORRECTION FACTOR MB = 0.298 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE. KI 61.49 KSI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH 

RATIO. KIA 1/KI 3.25 

ACCEPTANCE CRITERIA: KIA/KI MUST DE GREATER THAN z.16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME DOILER AND PRESSURE VESSEL COL 

(1977 EDITON THROUGH SUMMER 1978 ADDENDA) , FROVIDED rHE PRIMARY STRESS LIMITS OF 

*3000 ARE SATISFIED FOR THE FLAWED SECTION
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02 -11.640o 54o

00 ER 86-019 Indication No. 18/19 Combined (Ex-cess Cycles Eval uated) 

FLAW TYPE SUBSURFACE 

INITIAL FLAW DEPTH, (A) 1.15000 IN 

INITIAL FLAW LENGTH 4.40000 IN 

WALL TH-ICKNESS = 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW = .1.35000 IN 

CRACK TIP TEMPERATURE = 275.0 F 

REFERENCE NIL DUCTILITY -rEMPERATURE = 20.0 F 

YIELD STRENGTH = 50.00 KSI 

SCALING CONSTANT USED IN PARIS EQUATION 0. 267E-10 

EXPONENT USED IN PARIS EO.UATION = 3.726 

MEMBRANE STRESS = 13.65 KSI 

BENDING STRESS = 11.35 KSI 

O IGUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) . NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13. 65 11 . 35 50000. 1. 1500 1. 8211 

- 2 . 7.65 18.65 100.0 1.8211 1.8220 

FLAW SHAPE PARAMETER 0 = 1. 449 

MEMBRANE STRESS CORRECTION FACTOR MM = 1.0783 

BENDING STRESS CORRECTION FACTOR MB 0.Z39 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 38.01 KSI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KIA 200.00 KSI ROOT INCH 

RATIO, KIA/KI 5.26 

ACCEPTANCE CRITERIA : KIA/KI MUST *E GREATER THAN 3. 16 

THIS FLAW IS ACCEPTArBLE PER SECTION XI OF THE ASME aIlLER AND FRESI'FE VESSEL COD[ 

(1977 EDITON THROUGH SUMNER 1978 ADDENDA), PROVIDED THE PRIMARY STRESS LIMITs OF 

-3000 ARE SATISFIED FOR THE FLAIWED SECTION 

~~rz~~4 - P"iY L
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32-11 64054- )o 
ER 86-019 Indication No. 4 

FLAW TYPE SUBSURFACE 

INIIlAL FLAW DEPTH, (A) = 1. 05000 IN 

INITIAL FLAW LENGTH = 5. 40000 IN  

WALL THICKNESS 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW = 2. 20000 IN 

CRACK TIP TEMPERATURE 275.0 F 

FFERENCE NIL DUCTILITY TEMPERATURE = 20.0 F 

Y I EL D STRENGTH = 50. OO KS I 

SCALING CONSTANT USED IN PARIS EQUA)TION = 0.267E-10 

EXPONENT USED IN PARIS EQUATION 3.726 

MEMBRANE STRESS = 13.65 KSI 

ZENDING STRESS = 11.35 KSI 

GUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13.65 11.35 240.0 1.0500 1.0525 
2 7.65 18.65 100.0 1.0525 1.0531 

FLAW SHAPE PARAMETER 0 = 1 . 255 

MEMBRANE STRESS CORRECTION F(ACTOR MM = 1.031 

BENDING STRESS CORRECTION FACTOR MB = 0.475 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI 31.60 KSI ROO1 INCH 

CRACK ARREST STRESS INTENSITY FACTOR., KI = 200.00 KSI ROOF INCH 

RATIO, KIA/KI = 6.33  

ACCEPTANCE CRITERIA :IA/KI MUST BE GREATER THAN 3. 16 

Ti-HIS FL AW IS A CCEPTrABLE PER SECTION XI OF THE ASME BOILER A1ND PRESSURE V E:3SEL COE 

(1977 EDITON THROUGH SUMMER 1978 ADDENDA) . PROV2IDED THE FRIMARY STVESS LIMITS OF 

#00O ARE SATISFIED FOR THE FLAWED SECT I ON



32 -11 64054-00 

" ER 86-019 indication No. 4 (100 . Increase in Size) 

FLAW TYPE SUBSURFACE 

INITIAL FLAW DEPTH, (A) 2.10000 IN 

INITIAL FLAW LENGTH = 10.80000 IN 

WALL THICKNESS = 12. 00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW 2. 20000 IN 

CRACK TIP TEMPERATURE 275.0 F 

REFERENCE NIL DUCTILITY TEMPERATURE = 20.0 F 

YIELD STRENGTH 50.00 1K-SI 

SCALING CONSTANT USED IN PARIS EQUATION = 0.267E-10 

EXPONENT USED IN PARIS EQUATION = 3.726 

MEMBRANE STRESS = 13.65 KSI 

BENDING STRESS = 11.35 KSI 

IGUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 13.65 11.35 240.0 2.1000 2.1145 

7.65 18.65 100.0 2.1145 2.1182 

FLAW SHAPE PARAMETER 0 1.255 

MEMBRANE STRESS CORRECTION FACTOR MM = 1.141 

BENDING STRESS CORRECTION FACTOR MB 0.572 

.STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI 50.82 K<SI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH 

RATIO,KI/ I =.9.  

ACCEPTANCE CRITERIA :IA/KI MUST BE GREATER THAN 3.16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL COE 

(1977 EDITON THROUGH SUMMER 1978 ADDENDA), PROVIDED THE PRIMARY STRESS LIMITS OF 

- * 71000 ARE SATISFIED FOR THE FLAWED SECTION



32-1164054-00 

ER 86--019 Indication No. 4 (Max<inum Subsurface Indic-ation) 

FLAW TYPE SUBSURFACE 

. INITIAL FLAW DEPTH, (A) = 2. 73000 IN 

INITIAL FLAW LENGTH = 14. 04000 IN 

WALL THICKNESS = 12. 00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW = 2. 20000 IN 

CRACK TIP TEM1PERATURE 275.0 F 

REFERENCE NIL DUCTILITY TEMPERATURE 20.0 F 

YIELD STRENGTH 50.00 KSI 

SCALING CONSTANT USED IN PARIS EQUATION = 0.267E-10 

EXPONENT'-USED IN PARIS EQUATION 3.726 

MEMBRANE STRESS 13.65 KSI 

BENDING STRESS 11.35 KSI 

GUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

N. NEMBRANE BENDING CYCLES INITIAL F I NAL 

1 13.65 11.35 240.Q 2.7300 2.7661 
7.65 18.65 100.0 2.7661 2.7756 

FLAW SHAPE PARAMETER 0 1.255 

MEMBR.ANE STRESS CORRECTION FACTOR MM = 1.275 

BIENDING SRESS C:ORRECTION FACTOR MB = 0.! 43 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = F INCH 

CRACK ARREST, STRESS INTENSITY FACTOR, KIA = 200.o KS ROOT ICH 

TIO. KIA/KI =07 

A CCEP"f-ANCE CRY I ER I A K.IC/4'I MUST BE GRE '-;ERl 1Htrl 16 

FLAW IS NO'T gCCEPTgLE FE R SECT ION XI OF 'THE PSME FOILER AND PRESSURE (IEN)EL 

(19'77 EDITION THROUGH SUtMtIER-1 1973 ADDEND) 
I I F 

2 0 27 

41216



I2 -1164054-G0 

ER 86-019 Indication No. 4 (97/ of Maximum Subsurface) 

FLAW TYPE SUBSURFACE 

INITIAL FLAW DEPTH, (A) = 2.65000 IN 

INITIAL FLA1W LENGTH = 13.629700 IN 

WALL THICKNESS = 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW 2.20000 IN 

CRACK TIP TEMPERArURE = 275.0 F 

REFERENCE NIL DUCTILITY TEMPERATURE = 20.0 F 

YIELD STRENGTH = 50.00 KSI 

SCALING CONSTANT USED IN PARIS EQUATION 0.267E-10 

EXPONENT USED IN PARIS EQUATION = 3.726 

MEMBRANE STRESS = 13.65 KSI 

BENDING STRESS = 11.35 KSI 

IGUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

13.65 11.35 240.0 2.6500 2.6819 

2 7.65 18.65 100.0 2.6819 2.6904 

FLAW SHAPE PARAMETER 0 = 1.255 

MEMBRANE STRESS CORRECTION F ACTOR MIl = 1. 251' 

BENDING STRESS CORRECTION FACTOR MB = 0.635 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE. KI = 63.02 KSI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KIA1 = 200.00 KS ROOT INC

RATIO. KIA/KI 3.17 

ACCEPTANCE CRITERIA KIA/KI MUST BE GREATER THPAN .16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL COLDE 

(1977 EDITON THROUGH SUIMER 1978 ADDENDA), PROVIDED THE PRIMARY STRESS LIMITS OF 

- ARE SATISFIED FOR THE FLAW.ED SECTION
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32-1164054-00 

ER 8-b-019 Indication No. 8 

FLAW TYPE SUBSURFACE 

INITIAL FLAW DEPTH, (A) = 1.12500 IN 

INITIAL FLAW LENGTH = . 2.2500) IN 

WALL THICKNESS = 12.00000 IN 

ECCENTRICITY OF SUDSURFACE FLAW = 2.27500 IN 

CRACK TIP I EMPERAIURE = 27.0 F 

REFERENCE NIL DUCTILITY TEMFERATfURE 20.0 F 

Y ELD S VRENG Il 50.00 KS I 

ISCAL.IN3 ICO:NSIANT USED IN FARIS EQ.UI ION = 0.267E- I 

EXPONENI USED IN PARIS EQUATION = 3.72b 

NEMBRANE STRESS l.65 KST 

DENOING STRESS 11.35 KSI 

* UE CRACK CROWTH POINT 1 LO.CATION IS CRITICAL 

TRANSIENT STRESS RANGES (KSI) NO. OF. FLAW DEPLH (IN) 
NO. MEMBRANE DEN)ING CYCLES INITIAL FINAL 

1 13.65 11.35 240.0 1.1250 1.1259 

2 7.65 18.65 100.0 1. 1259 1.1261 

FLPtW SHAsPE PARAMETER Q = 2. 411 

M EM hk R iNE SIRESS CORRECTIO1N FACIOR MM = 1 .03 

BENDING sTRESS CORECTION FACfOR MD = .49 

STRESS INTENSITY F AICTOR USING FINAL FLAW SIZE, KI 23.97 KSI ROOF INCH 

CRACK ARREST STRESS' INTENSITY FACTOR, KI =i 200.00 KS I ROOf INCH 

RAVlO, K/K= .4 

ACCEP I ANCE CRITERIA KIA/K:I MUST BE GF:EtIER THNi 3.16 

IHIS FLAW IS A'CCEFTALE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL C2CO 

(197 / ED II ON THROUGH SUMMER 1978 ADDENDA), PROVIDED HE PRIM(RY STRESS LIMNI1 S D

0 RE SF l.SFIED FOR HE FLAWED SEC I I N



32-1164054-00 

ER 86-019 In-dicaition No. 8 (100 X. lncrease in Size) 

FLAW TYPE SUBSURFACE 

INITIAL FL.AW DEPTH, (A) = 2.25000 IN 

INIT IAL FL(AW LENG1IH = 4.50000 IN 

WALL 1HICKNESS = 12. 0000 IN 

ECCENTRICITY OF SUBSURFACE FLAW = 2.27500 IN 

CRACK TIP TEMPERATURE = 275.0 F 

REFERENCE NIL OUCTILITVY TEMPERATURE =. 20.0 F 

YIELD S5oEN~ H 50.00 KSI 

.SCALING CONST'ANT USED IN PARIS EwUATION = 0.26"E-10 

EXPONENT USED IN PARIS EQUATION = 3. 726 

MEMBRANE STRESS = 13.65 KSI 

LSENDING SIRESS = 11.35 1SI 

GUE CRACK GROWTH POINT .1 LOCATION IS CRITICAL 

TRANSIEN F STRESS RANGES (KSI) NO. OF FLAW DEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FIN AL 

1 13.65 11.35 .240.0 2.2500 2.2555 

2 7.65 18.65 100.0 2.2555 2.2570 

FLAW SHAPE PARAMETER Q = 2.411 

MEMBRAiN -STRESS CORRECT ION FAC FOR MM 1.174 

$ENDING STRESS CORRECTION FACTOR M8 = 0.602 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 39.20 KSI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KI= 200.00 KSI ROOT INCH 

.RfAflO1, KIA/KI =.10 

ACCEPTANCE CRITERIA -: KIA/KI MUST BE GREATER THAN ::..16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME DOILER AND PRESSURE VESSEL_ C O-E 

(1977 EDITON THROUGH SUMMER 1978 ADDENDA) , PROVIDED THE PRIMi-ARY STRESS LIMITS OF .s * 3')c ARE SOATISFIED FOR THE FLA-WJED SECTION - .



32 -1164 0 54 - 00 

ER 86-(.)19 Indicatiorn No, 8 (Maximurn Subsurface Indication) 

FLAW TYIE : SUBSURFACE 

INITIAJL FLAW DEF'TH, () 2. 70000 I 

INI fIAL FLAW LENGTH =0000. N 

WALL THICKNESS = 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW = 2.27500 IN 

CRACK' TI P TEMFERAiTURE = 275.0 F 

REFERENCE NIL DUCTILITY TEMPERA[URE = 20.0 F 

YIELD STRENGTH 50.00 KSI 

SCALING CONSTANT USED IN PARIS E.UATiON = U. 26E---10 

EXPONENT USED IN PORIS EQUAT ION = 3. i26 

MEMBRANE STRESS 13.65 KSI 

BENDING STRESS 11.-5 KSI 

IGUE CRACK GROWTH PUINT 1 LOCATION IS CRITICAL 

TRANSIENf ST RESS RANGES (KSI) NO. OF FLAW OEPTH (IN) 

NO. MEMBRANE BENDING CYCLES INITIAL FINAL 

1 135.65 11.35 240.0 2.7000 2.7102 

2 7.65 18.65 100.0 2./102 2.7129 

FLAW SHAPE PARAMETER 0 2.411 

MEMDRINE STRESS CORRECTION FACTOR MM = 1. 61 

BENDING SI RESS CORREC1 O0N FACTOR MB = 0. 650 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE. KI = 46.24 KSI ROOT INCH 

CHAC. ARH-'KESf STRESS INf[ENSITY FiCTIOR, KIA = 200.00 KSI ROOT3 I NCl 

RATI ,VK A/K = 14. -5.3 

ACCEP I ANCE CRI TEA : KIA/KI MUS T BE UREATER I HAN .16 

THIS FLAW IS ACCEPTADLE PER SECTioN XI OF THE AS3HE SOILER AND PRESSURE VESSEL COD 

/(1977 EDITON THROUGH SUMMER 1978 ADDENDA), PROViDED THE PRIMARY SIRESS LIMITS OF 

-000 ARE SATISF IED FOR 11-IE FLAWI~D SECTION 

27.b
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A 32-1164054- 01 
ER 86-019 indication No. 3/4 Combined 

FLAW TYPE SUBSURFACE.  

INITIAL FLAW DEPTH, (A) 1.05000 IN 

INITIAL FL.AW LENGTH 7. 60000 IN 

WALL THICKNESS 12.00000 IN 

ECCENTRICITY OF SUBSURFACE FLAW 1.66000 IN 

CRACK T IP TEMPERATURE 275.0 F 

REFERENCE NIL. DUCTILITY TEMFERATURE = 20.0 F 

YI ELD STRENGTH = 50.O I 

-. ' SCALING CONSTANT USED IN F'ARIS EDUATION 0.267E-10 

EXPONENT LSED IN PARIS EUATION 3.726 

MEMBANESTRESS == 11.65 KSI 

ENI NG 5ETR E ES = 11.35 KBI 

-O2 E CRACK GROWT.: POINT LOC DN IE CRITICAL 

TRANSIENT STRE RAN: (GES ;T) NO. CF FLAW DEPTH (IN) 

unMEMPRANE BENDINS CYCL.ES IN IT iIAL FINAL.  

213.65 11.35 240.0 1.0500 i.0524 

2 7.65 1E.65 100.0 1.0524 1.052' 

3 2.86 2.86 18000.O 1.052P 1.05;5 

FLAW SHAPE PARAMETER 0 = 1.122 

MEMBRANE STRESS CORRECTION FACTOR MM 1.024 

BENDING STRESS CORRECTION FACTOR MB = 0.379 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 31.79 KSI ROOT, INCH 

CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH 

RATIO, KIA/KI = 6.37 

ACCEPTANCE CRITERIA: KIA/KI MUST BE GREATER THEN 3.16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL CJ'E 

(1977 EDITON THROUGH SUMMER 178 ADOENDA) , PROVIDED THE PRIMARY STRESS LIMITS OF 

0 ARE SATISFIED FOR THE FLAWED SECTION .r 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .7-3.,



-1640 5 4 -0 
ER 86-01. Indicaticn S/1. 1/9 Combined 

FLAW TYPE SUBSURFACE 

INITIAL FLAW DEPTH, (A) = 1.15000 IN 

INITIAL FL.AW LENGTH = 4.40000 IN 

WALL THICKNESS = 12.000(.:C IN 

ECCENTRICITY OF SUBSURFACE FLAW - 1.66000 IN 

CRACK T IP TEMPERATURE = 275.0 F 

.REFERENCE. NIL DUCTILITY TEMPERATURE 20.0 F 

YIELD STRENGTH- 50.OO Q-2I .  

SCALING CONSTANT USED IN PARIS EDUATION = 0.267E-10 

EXPONENT USED IN FARIS E tATION 3.726 

MEMBRANE STRESS = 13.65 KSI 

BNDIN5 ETRESS = r. .  

OTIGJE CRACK GROWg: TH : P P.INT 1 LOCATION IS CRITICAL 

TRANSI'ENT STRES&PRANSES (K:.5) NO. OF .FLAY DEPTH 1IN.% 

N0. MEMBRANE BENDING CYCLES INITIAL F 1N 01

1 13.65 11.35 240.0 1.1500 1. 1513 

2-. 7.65 1E.65 100 . O 1.1518 1 1522 

-12. 86 2. 86 18000. 0 1. 1522 1. i5~27 

FLAW SHAPE PARAMETER 0 = 1. 449 

MEMBRANE STRESS CORRECTION FACTOR MM = 1.030 

PENDING STRESS CORRECTION FACTOR MB 0.382 

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI= 2.19 KI ROOT INCH 

CRACK ARREST STRESS INTENSITY FACTOR. KIA= 200.00 KSI ROOT INCH 

RATIO, KIA/KI = 6.85 

ACCEPTANCE CRITERIA : KIA/KI MUST SE GREATER THAN 3.16 

THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOILER AND PRESSURE VESSEL CDDE 

(1977 EDITON THROUGH SUMMER 197B ADDENDA). PROVIDED THE PRIMARY sTRESS IMITS 0' 

7;:000 ARE SATISFIED FOR THE FLAWED SECTICN 

Al le, 6
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Nuclear Power Generation Division GENERAL CALCULATIONS 

SF T FofL \Je4- At" Pr L1.- ZEDt> T'AK3 51EN-TS 

A question was raised as to the effect of system transients 
in addition to the HeatuD/Cooldown (HU/CD) and Inservice Leak 
and Hydrostatic Test (ISLET) transients considered in the.B&W 
.analysis.. The specific concern was whether some large cyclic 
transients, although not necessarily of high stress, could be 
significant to flaw evaluation.  

It was noted by B&W that the flaw evaluations performed were 
in accordance with B&W's original stress report, which 
considered only the two transients (HU/CD and ISLET) as 
significant in the flaw growth calculations. Review of the 
original stress report showed that other transients induce 
stresses less than the endurance limit stress, and thus do 
not affect the fatigue usage factor.  

To address the question raised, the functional specification 
was reviewed with respect to transients with-large numbers of 
cycles. Four transients fall into this category: 1) Power 
Loading/Unloading, 2) 10 percent Step Load Increase/Decrease, 
3) Feed and Bleed, and 4) Miscellaneous. The temperature 
variation on the RV due to these transients is 20, 5, 0, and 
0 degrees Fahrenheit respectively.  

The effect of the most significant of these four transients, 
the Power Loading/Unloading transient, was evaluated. A 
thermal stress (1.43E oth, T) of 5.7 ksi was assumed to vary 

linearly from the ID to the OD. This is a very conservative 
assumption since this stress is actually a surface stress 
which rapidly decays and probably has a zero value at the 
tips of the subsurface flaw. The transient membrane and 
bending stresses and cycles were input as a third transient 
into the FLEP (Section XI, Appendix A) flaw evaluation 
program.* (This evaluation also includes a correction 'to the 
eccentricity as a result of recalculating the edge 
distance'(s).) 

The results of this calculation are attached for the worst 
case indication (ER 86-019 Indication No. 18/19 combined). A 
comparison of these results with and without the effect o'f 
the Power Loading/Unloading transient included, shows this 

..transient to have an insignificant effect on the flaw 
evaluation.  

PREPARED BY \ a) DATE '- b DOC. NO.  

REVIEWED BY ____ DATE PAGE NO.  

F ~ *



Babcock&Wilcox 32-1164054-01 PDS21036.1 (9.81) 
a Uc.amott corpnpal 
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Evaluations of the indications have been made using the Design, Normal 
and Upset transients as specifed in the Reactor Coolant System Functional 
Specification invoked on the Reactor Vessel.  

This area of the Reactor Vessel, i.e., Closure Flange to Upper Nozzle 
Belt forging, is above the inlet and outlet nozzles and is remote from 
the core's fluence, hence its chemical properties remain constant.  

Unanticipated transients which would require consideration from the 
standpoint of flaw growth such as Pressurized Thermal Shock (PTS), 
NRC Stylized, Rancho Seco, Main Steam Line Break (MSLB), Small Break 
LOCA and Control System Malfunctions have little, if.any, impact on 
the area in which the postulated indications are assumed and would 
show larger margins of safety than have been determined becaus of the 
acceptability criteria (Kla /K must be greater thanF2 vs. [10).  
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21164 05 4- 0 
PROGRAM FLEP .  
DIMENSION Xl(15),Zi(9),Y1(15,9),X2(11),Z2(6),Y2(11,6),X3(13),Z3(6) 
,Y3!(13,,6),X4(8),Z4(4),Y4(8,4),X5(1),Z5(6),Y5(13,,6),X6(8),Z6C4),Y6 

*(S,4) ,SMR(20) ,SSR(20) ,XNCYCLE(20),TITLE(20).AI (20)AF(20) AI2(20) 
*AF2(20) 
REAL MM,MB,KI,KIA,MM2,MB2,KI2 

C**** DATA INPUT FOR .MM FACTOR FOR SURFACE FLAW 

DATA(X1(I),I=1,15)/.OO,.05,.10,.15,.20,.-2 5,.30O,.375,.40s..45,.50,.55 

60.,. 65. 70/ 

DATA(Z1(l),I=1,9)/.oo,.05,.10,.15,.20,.25,.30,.35,.50/ 
DATA((Y1(K,L),L=1,9),K=1,15)/ 
*1.112,1.10,1.100,1. 100,1.100,.100,1.100,1.100,1.100, 

1 .18E38,1. 149, 1. 12 1 ,1.110, 1.1'00,1 .10C)0, 1.100 ,1. 100, 1 .100, 

*1.259,1.192,1.151,1.130,1.108,1.100,1.100,1.100,1.100, 
*1.367,1.257,1.195,1. 158,1.125,1.112,1.104,1.100,1.100, 

1.514,1.346,1.253,1.195,1.151,1.130,1.114,1. 100,1.100, 
*1.703,1.452,1.320,1.238,1.182,1.151,1.127,1.100,1.100, 
*1.956,1.584,1.406,1.294,1.221,1.179,1.143,1. 100,1.100, 
*9.000,1.739,1.50)8,1.354,1.264,1.20It8,1.162,1.100,1.100, 
*9.000,1.930,1.631,1.428,1.318,1.24

4 ,1. 186,1. 100,.100, 

*9.000,9.000,1.776,1.523,1.
3 8 1 ,1. 2 83,1. 2 14,1.100,1.100, 

*9.000,9.000,1.9:34,1.646,1.452,1.328,1.242,1.100,1.100, 
J 

*9.000,9.000,9.000,1.800,1.543,1.385,1.274,1.104,1.104, 
*9.000,9.000,9.000,1.975,1.644,1.

44 3,4.30 9 ,1.110,1.110, 

*9.000,9.000,9.000,9.000,1.765,1.514,1.359,1.117,1.117/ 
C**** DATA INPUT FOR MB FACTOR FOR SURFACE FLAW WITH BETA=0. DEG 

DATA(X2(I),I=1,11)/.OO.,.05,.10,.15..20,.2',ZO .5 .0 .5 .o 

-DATA(Z2(I),1=1,6)/.0,.1,.2,.3,.4,.5/ DATA.(*(Y2(KL),L=16),K=1.11)/ 
*1.101,1.076,1.067,1.042,1.031,1.023, 
*1.059,1.024,0.995,0.979,0.965,0.950, 
*1.037,0.977,0.927,0.912,0.897,0.879, 
*1.034,0.934,0.869,0.848,0.8280.806, 
*1.045,0.895,0.810,0.781,0.758,0.734, 
*1.072,0.862.0.758,0.718,0.693,0.662, 
*1.117,0.836.0.709,0.658,0.62O,0.590, 
*1. 178,0.820,0.665,0.597,0.550,0.514, 
*1.256,0.815,0.626,0.718,0.635,0.;444, 
*1.356,0.839,0.591,0.481,0.412,0.571, 
l. 4783,0866,0.561,0.420,0.5043,0.29/ 

C**** DATA INPUT FOR MM FACTOR FOR SUBSURFACE FLAW AT POINT 1 

DATA(X3(1) 1=1, 13)/.00,. 05,. 10,. 15,. 2o, 25,. 30, 35, 40, .4, .50,. 55 
*..60/ 

DATA(Z3(I),I=1,6)/.15,.
2 5,.105,.45,.55,.65/ 

DATA((Y3(KL),L=1,6),K=1,13)/ 
*1.010,1.037,1.080,1.139,1.234,1.366, 
*1.010,1.038,1.8,.4,.4,130 
*1.011,1.041,1.085,1. 152,1.264,1.402, 

*1.012,1.043,l.091,1.465,1.28,1.4C), 
*1.013,1.046,1.099,1.179,1. 308,1.466, 

1.014,1.050, 1. 111,1 .96 1.336, 1.524, 

*1.015,1.054,1.123 ,1.216,1.-..6e,1.587 
*1.022,1.072,1.151,1.24,1.463,9.000, 

I .022,1.0 C 1.0151,1.1474, 1.247 ,19.380, 

*1.028,1.92,1. 170,1.308,9..000,49.6C, 
033 , 1. 095, 1. 191 , 1. 75 46 , 9. 3 6,9. 5() 

1. 041,1. 112, 1.212, 1. 3,9. 407 ,9. 000 

1.052,1. 132,1.238,1.443,9.000,9.000/ 
C**** DATA INPUT FOR MB FACTOR FOR SUBSURFACE FLAW AT POINT 1 

DATA (X4 (I),1I= 1,8)/.0,.1,. 2,.Z3,. 4,. 5,..6,.711 
DATA(Z4(I),=1,4)/.,.3,.5,. 7 / 
DATA((Y4(KL),L=1.4),K=1,8)/ 

A....



K 0.261,0.361,0..474,0 8 
O.:365,0.468,0.59)0O ASo o 

*O.471,0.577,0.706.0.894, 
*0.568,0.687,0.832,9.000, 
*0. 671,0.816,0.984,9.000, 

*0.765,0.961,9.000,9.000/ 
C**** DATA INPUT FOR MM FACTOR FOR SUBSURFACE FLAW AT POINT 2 

DATA (X 5 (I),I=1, 13)./..00,.05,. 10,. 15,. 20(,.25..30 ,.35,. 40,. 45 ,.5 ,.5 

4,60/ 
DATA(Z5(I),I=1,6)/.15,.25,.35,.45,.55,.

65/ 

DATA((Y5i(K,L),L=1,6),K'=1,13)/ 

*1. 010,1. .037, 1. 080, 1. 139,1.232,1.36, 
*1. 010, 1. 0377,1.077, 1. 134,1.231,1.761, 

*1.011,1.038,4.077,1.132,1.232,1.363.1, 
1.012,1.039 , 1.080,1.135,1.237,1.367, 
1.013,1.039,1.084,1.141,1.244,1.373, 
*1.014, 1.041,1.089,1.149,1.253,1.3,82, 

*1.015,4.042,1.094,1.157,1.264,1.393, 
*1.016 ,:1.047,1.104,1.172,1.277,9.000, 

1.016,1.052,1.112,1.191,1.293,9.000, 
*1.018 1. 061,1.125,1.212,9.Q000,9.000, 
1.02 1.072,1;.'139,1.237,9.000,9.000, 

*1.028, 1. 086 ,1.156,1.266,9.000,9.000, 
*1. 037, 1. 105, 1. 179,.1. 298 , 9. 000, 9. 000/ 

C* *** DATA INPUT FOR MB FACTOR FOR SUBSURFACE FLAW AT POINT 2 

DATA (X6(I),I1,)/.0,.1,.2,.3,.4,.5,.6,.7/ 
DATA(Z6(I),I 1,4)/.1,.3-,.5,.7/ 

DATA((Y6(K,L),L=1,4),K=1,8)/ 
.-. 050,-. 158,-.258,-.382, 
*0.045,-.054,-.158,-.281, 
*0.152,0.055,-.050,-.171, .  

S*0.255,0.163,0.052,-.065, 
*0.358,0.268,0.159,0.058, 
*0.458,0.373,0.272,0.185, 
*0.570,0.490,0.398,0.313, 

- *0.671,0.608,0.526,0.435/ 
READ 5,NFLAW 
DO 10 K=1,NFLAW 
READ 15,(TITLE(I),I=1,20) 
PRINT 20,(TITLE(I),I=1,2

0).  

READ 2 5,NTYPE,A,XLL,E,T,BETA,NTRAN,SM,SB 
READ' 30,TEMP,SYIELD,RTNDT,C,XN,KI,KIA 
READ! 35, (SMR(I) ,SBR(I) ,XNCYCLE(I) ,I=1,NTRAN) 

IF(NTYPE.EQ.2) GO TO 40 
PRINT 45 
GO TO 50 

40 PRINT 55 
50 PRINT 60,A,XLL,T 

IF(NTYPE.EQ.,1) GO TO 75 

PRINT 80,E 
GO TO 85 

75 PRINT 90;BETA 
85 PRINT 95,TEMP,RTNDT 

WKI=KI 
IF(KI.NE.0.0) GO TO 281 

PRINT 105,SYIELD 
PRINT 110,C 
PRINT 120,XN 
PRINT 125,SM,SB 
LL=1 
A1=A 
XL=XLL 
X=A/XLL 
IF(X.G3T.0.5) GO TO0 135 

W-3



140 ,1FiNTYPE.EQ.2) Gu 10 1 4-l 
(C***4 DETERMINE MM FACTOF OR SURFACE FLAW 32 1 64 0 co 

KEY=l 
6I 

XX=AI/T 
ZZ=A1/XL 
DO 150 11=1,15 

150 IF(X1(I1).GE.XX) GO TO 155 

GO TO 135 
155 IPl=I1 

111=11-1 
DO 160 31=1,9 

160 IF(Z1(J1).GE.ZZ) GO TO 165 

GO TO 135 

32-6 

165 JPI=J1 
JJi=1-1 .  

.DX1=(XX-X1(Ill))/(X1(IP1)-X1(Ill)) 
/2 DZ1 =(ZZ-Z1(J3i))/(Zi(JPi)-Z1(JJi)) 

IF(Y1(II1,J31).GT.2.) GO TO 135 

IF(Y1(.IP1,3J1).GT.2.) GO TO 135 

IF(Y1(II1,JP1).GT.2.) GO TO 135 
IF(Y1(IP1,JP1).GT.2.) GO TO 135 
YA1=Y1(III,JJi)+DX1*(Y1(IP1,JJ1)-Y1(I1lJJ1)) 
YB1=Y1(II1,JP1)+DXI*(Y(IP,JP1)-Y1(III.JPl)) 
MM=YA1+DZ1*(YB1-YA1) 
IF(BETA.EQ.90.) GO TO 175 

C**** DETERMINE MB FACTOR FOR SURFACE FLAW AT BETA=0 DEGREES 

IF(LL.EQ.1) GO TO 200 
IF(XX.GT.O.25) GO TO 215 
GO TO 205 

* 215 IF(ZZ.GT.0.1) GO TO 205 

200 DO 180 12=1,11 
160 IF(X2(I2).GEt.XX) GO TO 185 

GO TO 135.  

185 IP2=I2 
112=12-1 
DO 190 32=1,6 

190 IF(Z2(J2).GE.ZZ) GO TO 195 
- GO TO 135..  

195 JP2=J2 
J2=J2-1 
DX2=(XX-X2(II2))/(X2(IP2)-X2(II2)) 
DZ2=(ZZ-Z2(JJ2))/(Z2(JP2)-Z2(JJ2)) 
YA2 -=Y2(II2 .JO2l)+DX2*(Y2(IP2,JJ2)-Y2(II2 -,JJ2)) 

YB2=Y2(II2.P2)+DX24*(Y2(IP2,3P2)-Y
2 (II 2 ,JP 2 )) 

MB=YA2+DZ2*(YB2-YA2) 
GO TO 205 

C**** DETERMINE MB FACTOR FOR SURFACE FLAW AT BETA=90 DEGREES 

175 IF(LL.GT.1) GO TO 205 
IF(XX.GT.O.5) GO TO 135 

IF(ZZ.GT.0.3) GO TO 135 
IF(ZZ.LT.O.2) GO TO 135 
DX2=(XX-0.0)/(0.5-0.0) 
DZ,2=(ZZ-0.2)/ (0.3-0.2) 
YA2=0.821+DX2*(0.805-0.821) 
YB2=0.956+DX2*(0.892-0.956) 
MB=YA2+DZ2*(YB2-YA2) 
GO TO 205 

***+ DETERMINE MM FACTOR FOR SUBSURFACE FLAW AT POINT 1 

145 XX=2.*E/T 
ZZ=2.*A1/T 
DO 220 13=113 

220 IF(X3(I3).GE.XX) GO TO 225 
GO TO 135 

225 IP3=I3 
II3=I3-1



23 . F 1 (J5.E Z > GO 1 -Sj 
GO TO 135 

235 JP3=J3 

D X3=(X X-X3(IIZ))/(X (I P3)-X3(I13)) 
DZ3= (ZZ-Z3(JJ3))(Z3(GP3)-Z3(JJ3) 
IF(Y3(II3,JJ3).GT.2.) GO TO 135 * 
IF(Y3(IP3,J33).GT.2.) GO TO 135 

IF(Y3(I13,3P3).6T.2.) GO TO 135 

IF(Y3(IP3,JP3).GT.2.) GO TO 135 

YA3=Y3(II3,3J3)+DX3*(Y3(IP3,JJ3)-Y3(II3,JJ3)) 
YB3=Y3(Ii3,JP3)+DX3(Y3(IP3,JP3)-Y3(II3,JP3)) 
MM=YA3+DZ3*(YB3-YA3) 

C**** DETERMINE MB FACTOR FOR SUBSURFACE FLAW AT POINT. 1 

DO 240 14=1,S 
240 IF(X4(I4).GE.XX) GO TO 245 

GO TO 135 
245 IP4=14 

114=4-1 
DO 250 34=1,4 

250 IF(Z4(J4).GE.ZZ) GO TO 255 
GO TO 135 

255 3P4=J4 
JJ4=J4-1 
DX4=(XX-X4(II4))/(X4(IP4)-X

4 (II4 )) 

DZ4=(ZZ-Z4(JJ4))/(Z4(JP
4 )-Z 4 (JJ4 )) 

IF(Y4(II4,J34).GT.2.) GO TO 135 

'IF(Y4(IP4, J4).GT.2.) GO TO 135 
IF(Y4(II4,JP4).GT.2.) GO TO 135 

IF(Y4(IP4,3P4).GT.2.) GO TO 135 

YA4=Y4(II4,JJ4)+DX4*(Y4(IP4,JJ4)-Y
4(II 4,3 3 4 )) 

YB4=Y4(1I4,JP4)+DX4*(Y4(IP4,JP4)-Y
4(1 14 ,3 P4 ) 

MB=YA4+DZ4*(YB4-YA4).  
C**** DETERMINE FINAL*FLAW SIZE 

205 AI(1),=A 
DO 265 I=1,NTRAN .  
D1=SMR(I)*MM*1.77245/(Q**0.5) 
D2=SBR(I)*MB*1.77245/(Q**0.5) 
D=Di+D2 
IF(D. LT..O0) D=0..0 
F=(2.-XN)/2.  
AF(I)=(AI(I)**F+F*C*(D)**XN*XNCYCLE(I))**(l/F) 

265 AI(I+1)=AF(I) 
IF(AF(NTRAN).LT.(1.01*Al)) GO TO 270 

A1=AF(NTRAN) 
XL=AF(NTRAN)*XLL/A 
LL=LL+1 

- GO TO 140 
270 IF(NTYFE.EQ.1) GO TO 271 

C**** DETERMINE MM FACTOR FOR SUBSURFACE FLAW.AT POINT 2 

217.ZZ=2.*A1/T 
* - DO 221 15=1,13 

221 IF.(X5(.I5).GE.XX) GO TO 226 

SGOTO 135 
226 IP5=15 

115=I5-1 
DO 231 35=1 6 

231 IF(Z5.(35).GE.ZZ) GO TO 236 
GO TO 135 

236 JP5=5 
305-05-1 
DX5 (XX-X5(IIS))/(XS(IP5)-X5(II5)) 
DZ5=(ZZ-5(Ja5))/(Z5(JP)-ZS(JJ5)) 
IF(Y5(II5.0 5)..GT.2.) GO 10 135



241i 

'I Fi(5 (115, JP5>. . OO 10 13-5 32 
IF(Y5(IP5, JP5).GT. GO ro 135 0 
YA5=Y5(II5,JJ5)+DX5*wY5(IP5,J5)-Y5(II5,JJ5)) 
YB5=Y5(II5,JPS)+DX5*(Y5(IP5,JP)-5(II5,JP)) 
MM2=YA5+DZ5*(YB5-YA5) 
DETERMINE MB FACTOR FOR SUBSURFACE FLAW AT POINT 2 

DO 241 16=1,8 
241 IF(X6(I6).GE.XX) GO TO 246 

GO TO 135 
246 IP6=16 

116=I6-1 
DO 251 36=1,4 

251 IF(Z6(J6).GE.ZZ) GO TO 256 
GO TO 135 

256 JP6=J6 
JJ6=36-1 
DX6=(XX-X6(II6))/(X6(IP6)-X6(116)) 
DZ6=(ZZ-Z6(JJ6))/(Z6(JP6)-Z6(JJ6)) 
YA6=Y6(II6,JJ6)+DX6*(Y6(.IP6,JJ

6 )-Y 6 (II6 ,3J 6 )) 

YB6=Y6(II6,P6)+DX6*(Y6(IP6,JP6)-Y6(II6,JP6)) 
MB2=YA6+DZ6*(YB6-YA6) 

C**** DETERMINE FINAL FLAW SIZE FOR POINT 2-ON SUBSURFACE FLAW 

A12(1)=A 
DO 266 I=1,NTRAN 
D1=SMR(I)*MM2*1.77245/(Q**0.5) 
D2=SBR(I)*MB2*1.77245/(Q**0.5) 
D=DI+D2 
IF(D.LT.0.0) D=0.0 
F=(2.-XN)/2.  
AF2(I)=(AI2(I)**F+F*C*(D)**XN*XNCYCLE(I))**(1/F) 

266 AI2(I+1)=AF2(I) 
IF(AF2(NTRAN).LT.(1.01*Al)) GO TO 271i 

A1=AF2(NTRAN) 
.60 TO 217 

C***.* DETERMINE STRESS INTENSITY FACTOR, KI 
271 KI=SM*MM*1.77245*(AF(NTRAN)/Q)**0.5 + S*MB*1.77245*(AF(NTRAN)/Q)* 

1*0.5 
IF(KI*LT.O.0) KI=0.0001 
IF(NTYPE.EQ.1) GO TO 281 

KI2=SM*MM2*1.77245*(.AF2(NTRAN)/O)**0.5 + SB*MB2*1.77245* (AF2(NTRAN 

- 1) /0)** .  

IF.(KI2.LT.0.0) K12=0.0001 
IF(KI.GT.KI2) GO TO 280 
KEY=3 
KI=KI2 
MM=MM2 
MB=MB2 
DO 279 I=1,NTRAN 
AI1(I) =A12 (I) 

279 AF(I)=AF2(I) 
GO TO,281 

280 KEY=2 
C**** DETERMINE CRACK ARREST STRESS INTENSITY*FACTOR, KIA,* 

281 IF(KIA.NE.O.) GO TO0285 
KIA=1.233 (2.71828**(0. 0145* (TEMP-RTNDT+160.))) + 26.78 

IF(KIA.LT.200.) GO TO 285 
KIA=200.  
DETERMINE RATIO OF KIA TO KI 

285 RATIO=KIA/KI 
IF(WKI.NE.0.0) GO TO .304 

IF(KEY-2)286,287,288 
226 PRINT 130 

GO TO 289 
287 PRINT 131 

GO TO 289



29PR INTr 5.PRN 27,ISR(I) .,BR(I),XNCYCLE(I),AI (I),AF ,1=1,NTRAN) 

PRINT 290,Q,MM,MB 
304 PRINT 305,KI 32-11640 54

PRINT 310,KIA 
PRINT 315,RATIO 
PRINT 320 
IF(RATIO.GE.3.1

6 ) GO TO 325 

PRINT 330 
GO TO 10 

325 PRINT 340 
10 CONTINUE 

GO TO 350 
135 PRINT 355 
350 CONTINUE 

5 FORMAT(I5) 
15 FORMAT(20A4) 
20 FORMAT(//,20A4//) 
25 FORMAT(4X,I1,5F10.0,3X,I2,

2 F1 0)C) 

30:FORMAT(3F10.0,E10.0,3F10.O) 
35 FORMAT(3F10.0) 
45 FORMAT(1HO,'FLAW TYPE : SURFACE') 

55 FORMAT(1HO,'FLAW TYPE : SUBSURFACE') 

60 FORMAT(1HO,'INITIAL FLAW DEPTH, (A) = ',F10.5,' IN '//o INITIAL FL 

1AW LENGTH = ',F1O.5,' IN "// :WALL THICKNESS = ',F10.5,' IN ') 

80 FORMAT(1HO,'ECCENTRICITY OF SUBSURFACE FLAW = ',F1O.5,' IN ') 

90 FORMAT(1HO-,'KI CALCULATED AT PERIPHERY OF SURFACE FLAW WHERE 
BETA 

1= 'F5.1,' DEG ' 
95 FORMAT(1HO,'CRACK TIP TEMPERATURE = ',F6.1,' F '//' REFERENCE NIL 

1DUCTILITY TEMPERATURE = ',F6.1,' F ') 

S105 FORMAT(1HO,'YIELD STRENGTH =l",F7.2,'-KSI ') 

U110 FORMAT(1HO,'SCALING CONSTANT USED IN 
PARIS EQUATION ',E10.3) 

120 FORMAT(IHO,'EXPONENT.USED IN PARIS EQUATION = ',F7.3) 

125 FORMAT(1HO,'MEMBRANE STRESS - ',F7.2,' KSI *//1X,'BENDING STRESS = 

1 ',F7.2,' KSI .') 

130 FORMAT(1HO,'FATIGUE CRACK GROWTH 

131 FORMAT(1HO,'FATIGUE CRACK GROWTH POINT 1 LOCATION IS CRITICAL') 

132 FORMAT(1HO,'FATIGUE CRACK GROWTH POINT 2 LOCATION IS CRITICAL') 

133 FORMAT(1HO,4X,'TRANSIENT STRESS RANGES (KtI) NO. OF FL 

lAW DEPTH :(IN)'/5X,'NO. MEMBRANE BENDING, CYCLES 

2 INITIAL FINAL'//) 

275 FORMAT(1H ,6X,I3,9X,F7.2,3X,F7.2,4X,F).1,2X,F9.4,F9.4) 
290 FORMAT(1HO,'FLAW SHAPE PARAMETER 0 = ',F7.3//' MEMBRANE STRESS COR 

IRECTION FACTOR MM = ',F7.3//:' BENDING STRESS CORRECTION FACTOR MB 

1= ',F7.3) 
305 FORMAT(1HO 'STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 

1F7.2,' KSI ROOT INCH ') 

310 FORMAT(1HO,'CRACK ARREST STRESS INTENSITY FACTOR, KIA ',F7.2,' K 

1SI ROOT INCH '.) 

315 FORMAT(1HO,'RATIO, KIA/KI ',F7.2) 

320 FORMAT(1HO,'ACCEPTANCE CRITERIA : KIA/KI MUST BE GREATER THAN 3.16 

1) 
330 FORMAT(1HO,'THIS FLAW IS NOT ACCEPTABLE PER SECTION XI OF THE ASME 

I BOILER AND PRESSURE VESSEL CODE '/' (1977 EDITION THROUGH SUMMER 

21978 ADDENDA),') 
340 FORMAT(1HO,'.THIS FLAW IS ACCEPTABLE PER SECTION XI OF THE ASME BOI 

ILER AND PRESSURE VESSEL CODE '/' (1977 EDITON THROUGH SUMMER 1978 

* 2ADDENDA), PROVIDED THE PRIMARY STRESS LIMITS OF'/' NB-3000 ARE SAT 

3ISFIED FOR THE FLAWED SECTION ) 

3 55 FORMAT(1HOY.'PARAMETER OUTSIDE TABULATED VALUES.-EXECUTION TERMINAT 

1ED') 
STOP 
END 

...........................................,7..
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JUNCTURE NO. 2 

STRESS CO'1CLTRlAT 101 FACTORS 

INS IDE OUTS IDE 

OF1DING TENSION UENHDIIJC TENSIO .  

470 1.<4 0 71 1n00 

I'PUT STRESSES (I ti KS ) 

TE LO'GI TUDINAL CIRCUMFERENTIAL RADI AL LONG1 TUUI NAL CI RCUM EREENT IAL 

I. F QTS)DE S IDE nUTs ID E JiS IDf OUT5 10E ISDE OUTS IDE INSIDE OUTS IDE 

0 -1.4 _ 4 19 5, -S? 64 0,0 0 , 0 00 0,0 
1 - ,5 2.9 1.6 177 -2.5 0,0 0.0 0,0 0.0 0,0 T..o'- U? I 

2 11 34 14. 21 -31 00 0 U.011. U 0 0 0 L:- up vk.%tZo N(~suI4 

825. - .9,5 33,8 -1,4 13,1 -2.2 0.0 -32,6 11,4 -32.6 17,4 
92 N- 3. .- 2 .5 32,6 w2,2 0, -Y6 - 96 366 19 6§ 
953. * ?1.3 35 .6 -3 .0 J32.,7 -2.2 . 0 .0 *33,.3 19,12 .- 33,13 1.9 2 
( 10.) 22,? 36,6 -3,2 )3,1 -2?, 0,9 -26 16 -26?1 1 1 

1 1i 0. -i 6 36,9 10,6 15.6 -2,2 0.) -20,7 11.0 -20 .7 13,0 
1400 - 0 232 A 14 9 -2.2 0.0 *9 6 6.1 -? 6 6 1 

I0 231 -13.4 27,7 6,4 16,8 -2,2 . 0.U -0.4 U 3 -0,4 *-. S0V STI 
T'. .0 -1),5 1 5 2,3 _ _ ,8 0,0 0.a 23 6 -15,8 2 ,0 - 15, 

S '323 -10,1 10,1 3,U 8.7 ~ 00 0.0 -24,0 . -1.7 24,8 -14.7 
_ 0 3 * , ,7 30 8, .0 23 3 -13 '1 23 3 . - 1 4 

14.42D0 -9,0 9,0 3.3 83,3 0,0 0,0 20.4 -12,3 20.4 -12,3 13 cGR:o , ? _____rz ___0,2%,A-.j~
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SURFACE-1~ 

INDICATIONS~ 3 + 

SURFACE 2 

NOTE: X = Transducer Centerline Location.  

DUKE POWER COMPANY 

OCONEE UNIT #1 

WELD NO. : /RPV -W'R/.9 

FIGURE NO.: B01.030.001A 

CONT. NO.: 580-2034-12-02
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INDICATION5# I8 1.3 

SURFACE 2 

NOTE: X Transducer Centerline Location 

DUKE POWER COMPANY 

OCONEE UNIT A1 

WELD NO.: /RPV- 1/R? 

FIGURE NO.: B01.030.001A 

CONT. NO.: 580-2034-12-02
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5..7 

HOL # -/3 --- LE

2.3 

3.564 

SURFACE 

INDICATIONS I 3 + 

SURFACE 2 

NOTE: X = Transducer Centerline Location 

DUKE POWER COMPANY 

OCONEE UNIT #1 

WELD NO.: /RPV-W/I 

FIGURE NO.: B01.030.001A 

CONT. NO.: 580-2034-12-02 
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SURFACE 2 

NOTE: X = Transducer Centerline Location 

DUKE POWER COMPANY 

OCONEE UNIT 1 

WELD NO.: /IP-- W-

FIGURE NO.: B01.030.001A 

CONT. NO.: 580-2034-12-02
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