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o 72-1164054- 00 '
ER 86-01%9 Indication No. 18719 Combined
o .
FLAW TYFE : SUSSURFACE
INITIAL FLAW DEFTH. A = 1.15000. IN )
INITIAL FLAW LENGTH = 4. 40000 [N
WALL THICKNESS = 2.00000 IN d
ECCENTRICITY OF SUBSURFACE FLAW = 1.THO00 IN
CRACK TIF 1EMPERATURE = 275.0 F ‘ | |
REFERENCE NIL DUCTILITY TEMPERGIURE =  20.0 F ;
YIELD STRENGIH =  ©0.00 KSI | - bt 3 -
SCALIMG CONSTAMT USED IN FARIS EGUATION = 0.2575—102% Iz
 EXFONENT USED IN FARIS EQUATION =  3.726 |
MEMERANE SIRESS = 13,65 KSI |
EENDING STRESS =  11.35 KSI.
BUE CRGECK GRDNTHA: FOINT 1 gauarIDN 1S GRITICALf 3
TRANSIENT  STRESS RANGES (KSIiz NO. OF  FLAW DEFTH C(IN)
MO. MEMERANE ~ SEMDING | CYCLES CINITIAL  FINAL
1 15.65 11,35 3 240.0  1.1500 - 1.1516
2 7.6 18.65 100.0 1.1514  1.1819
ELAW SHAFE FARAMETER @ = 1.449 ' |
MEMERANE STRESS CORRECTION FACTOR MH % 1. 023 |
BENDING STKESS CORRECTION FACTOR ME =  0.333
STRESS IMTENSITY FACTOR USING FINGL FLAW SIZE, KI =  28.1% KSI ROOT INCH
CRACE ﬁRﬁESTKSTRESS INTENSITY FACTOR, KIA = 200.00 KSI RODT INCH
RATIO, KIaskT = 7.10 |
ACCEETANCE CRIVERIA @ KIA/EL MUST BE BREATER THAM Z. 14 .
FHIS FLAW IS ACOEFTABLE FER SECTION XI OF THE ASME BUILER AND FRESSURE VESSEL Cuok

(1977 EDITON THROUGH SUMMER 1978 ADDENDA)Y , FROVIDED THE FRIMARY STRESS LIMITS OF

‘SCNI‘JO GRE SATISFIED FOR THE FLAWED SECTION

1
i
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32-3164054-00 -
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18719 Combined (100 % Increase in Size)

ER 86-019 Indication No.

FLAW TYP : QUBSUPFACE!

INLTIAL FLAW DEFTH. (A) =  2.30000 IN

INITIAL:FLAN LEMGTH = 8.480000 IN

kel THICEMESS = 12.00000 IN

ECCEMTRICITY OF_SUBSURFHCE FLAW = 1335000 IM

CRACK 'TIP 1EMFERATURE = 275.0 F

REFEREMCE MIL DUCTILITY TEMPERATURE = & 20.0 F

YIELD STRENGTH =  50.00 KSI ‘ . o 2

[l

SCALING CONSTANT USED IN FARIS eLUATION 1. 2H7E-10 o
EXFONENT USED IN FARIS EQUAYTION = ' 3.72&}
; MEMERAME STRESS = 13.65 KSI |
ﬁi BEND ING STRESS =  11.35 KS1

VGUE CRACK GROWTH = APOINT 1 LOCATION IS CRITICAL o :

TRANSIENT =~ STRESS RANGES (KSI) NO. OF FLAW DEFTH (1N)

NG . MEMERANE ~ EEMDING CYCLES IMITIAL  FINAL
: 1 13.65 11,35 230.0 . ° 2.I000  2.3097
o 2 7.65 15,65 S100.0 T 2.3097  2.3117
¢ FLAW SHAFE FARAMETER © o= 1.449

MEMEFANE STRESS CORRECTION FACTOR MM =  1.133 o :
| BENDING STRESS CORRECT1ON FACTOR ME =  0.434
7? STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 45.63 KSI ROOT INCH
| CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH
RATIO. KIA/KI = 4,38 |

ACCEFTANCE CRITERIA @ KIAJKI MUST EE GREATER THAN 3.16

THIS FLAW IS ACCEFTABLE FER SECTION XI OF THE ASME BOILER AMD FRESSURE VEISEL CODLE
P (1977 EDITON THROUGH SUHHER 1978 ADDENDA) , FROVIDED, THE FRIMARY STRESS LIMITS OF
_'."C)(m ARE SATISFIED FOR THE FLAWED SECTION ‘

| ﬁ?/ﬁj 4/ 4/86
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S | | = 32-1164054-00 ‘_

: 7 TATRY
T ER B86-01% Indication No. 18/17 Combined (Maximum Subsurface Indication)

) FLAW TYFE @ SUBSURFACE

i INITIAL FLAW DEFTH, (@) =  T.33500 IN
U INITIAL FLAN LENSTH = 12.76000 IN
 WALL THICKNESS =  12.00000 IN !
}'-ECFFNlhICITY oF SUEbUhFACE FLAW = 1.35000 IN
| ' CRACK TIPTEMPERATURE = 275.0 F .
”{'REFERENPE?NIL DUCTILITY TEMFERATURE = ?o.o F
YIELD GTRENGWH =§; S50.00 KSI - | ;
. SCALING IDNqTANT USED IM FARIS EQUATION = 0.267E-10
'=.EXPONENTJUSED IN‘PGRIS EQUATION = :3;723
. MEMERANE! STRESS =  13.65 KSI |

 EENDING STRESS =  11.35 KSI

‘GUE CRACK GROWTH : POINT 1 LOCATION IS CRITICAL
TRANSIENT  STRESS RANGES (KSI) = NO. OF FLAW DEFTH (IN)
NO. - MEMERAME  EENDING CYCLES INITIAL  FINAL
| 1 13.65 11.35 240.0  F.3350 I.3744
| 2 7.45 18,65 100.0 3.3744  3.33829

’

FLAW SHAFE FARAMETER @ =  1.449

VHEMPRANE STRESS CORRECTION FACTOR MM 1.345
. BENDING STRESS CDRRECTIDN FACTOR MR = Q. qqﬁl
C STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = b56.54 81 ROOT INCH
CRACH'HRREST STRESS INTENSITY FRCTDR; KIA = Z2Z00.00 KSI1 RDDTAiNCH
\

I RATIO, KIA/KI =  3.00

ACCEFTANCE CRITERIA @ KIA/KEI MUST EBE GREATER THEN I.148 )
THI3 FLAW IS NOT ACCEFTARLE FER SECTICHN X1 OF THE QDMF ENTLER AND FRESSURE VESSEL

(1977 EDITION THROUGH SUMMER 1978 ADDENDA)

ot ol A7 Ao T




i

C _ ‘ ) 32-1164054- 00 )

ER 86-019 Indication Na. 18/19 (95% of Maximum Subsurface)

FLAW TYFE : SUBSURFACE

-

INITIAL FLAW DEFTH, (A) = . 19000 IN

INITIAL FLAW LENGTH = 12.20300 1IN

wALL THICKENESS = 12.00000 IN -

ECCENTRICITY OF SUB§URFACE FLAW = 1.35000 INM

CRACK TIF TEMFERATURE = 275.0 F ' {{
REFERENCE NIL DUCTILITY TEMFERATURE =  20.0 F .

YIELD STRENGTH =. S0.00 KSI : ‘ P

. SCALING CONSTAMT USED IN FARIS EQUATION

; MEMBRANE STRESS = 13.65 KSI

0.2WK7E~-10 i

:EXPDNENT USED IN PARIS ERUATIOM = 3.725

! BENDING STRESS =  11.35 KSI

Ty

-:-:‘xeur;: CRACK GROWTH : POINT 1 LOCATION IS CRITICAL

C3
i

P FLAW SHAFE PARAMETER @ =  1.449

. MEMERAGMNE STRESS CORRECTION FACTOR MM =

TRANSIENT "STRESS RANGES (KSI) No. OF FLAW DEP%H C(IND

NO. MEMERANE GENDING CYCLES IMITIAL — FINAL
1 13.65 11.3%5 240.0 3.1900 "'l I.2222
2 7 .65 18.65 100.0 3.2222 3. 2291

’ ! ’

1.304 .

BEENDING STRESS CORRECTIONM FACTOR ME = 0.931 .

" STRESS IMTENSITY FACTOR USING FINAL FLAW SIZE, KI = 63,12 KST RDOT. INCH

CRACK ARREST STRES3 INTENSITY FACTOR. KIA = Z00,00 KEI ROIOT INCH
RATIO, KIA/KIL = Z.17
ACCEFTANCE CRITERIA : KIA/KEIL MUST BE GREATER THAN 3.15

THIS FLAW I8 ACCEFTARLE FER SECTIONM XI OF THE ASHE EQILER AND' FRESSURE YESSEL LOLE
(1977 EDITONM THROUGH SUMMER 1978 ﬁDDtNDH). FROYIDED THE FCIMHFV STRESS LIMI

_.A‘_._)(_,._) ARE SATISFIED FOR THE FLAKED SECTION

e e

i Yhelec AW A7 / ¢



32-1164054-990 -

18/1% Combined (Treated as a Surface Indication)

I FLAW TYFE @ SURFACE

b3 . : -,

3 INITIAL FLAN‘DEPTH. (A) = 6.00000 IN

'WALL 1HIC}NEa = 12.00000 IN

KI CALCULA fED AT FEF\IFH!:RY OF SURFACE FLAW NHERE HETA = 0.0 DEG

CRACE, TIF TEMFERATURE = 275.0 F

REFERENCE NIL:DUCTILITY TEMFERATURE = 20.0 F

YIELD STRENGTH = S0.00 ESI - -
. i

SCALING CONSTANT USED IN FARIS EQUATION 0.379E-09

EXPONENTzuéﬁD'IN FARIS EQUATION =  3.726
MENBRANE-STRESS =  13.65 KSI ' | S
EEND ING qTPEoS =  11.35 KSI . g . |
».:UE CRACK GROWTH : |
 TRAMSIENT STRESS RANGES (KSI) =~ NO. OF FLAW DEPTH (IM)
NO. MEMERANE  EENDING CYCLES INITIAL  FINAL

i- 11.35 240.0 &. Q000 &.
&

.6
& 18.65 100.0 G.22453

Lh LJ

- ‘Jl

247
\?

-
-
-
E

wa

L

g

O O Ml

FLAN SHAFE FARARMETER & = 2.411

MEMBRAME STRESS thth‘TIﬂN FACTOR MM = 1.100

BENMDING STRESS CDF-':F:ECTIDN FACTOR MB = 0.298

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = S2.94 KS1 ROOQT INCH
CRACK, ARRES] STRESS INTENSITY FACTOR, KIA = 206.00 KSI RODT INCH

\.

RATIO, KIA/KI = .81

ACCEFTANCE CRIFERIA : EIA/KI MUST BE GREATER THAM .14 .

THIS FLAW IS5 ACCEFTARLE FER SECTIONM XI OF THE ASHME BOILER AND FRESSURE VESSE
(1977 EDITON THROUBGH SUMFER 1978 ADDEMDA), FRUOVIDED VTHE FRIMARY STRESS LIMIT

Ni—SOOO ARE SATISFIED FOR THE FLAWED SECTIE‘N

Lot ¢/23/5¢

TRt

/}?5%9) ﬁk/&ﬂﬁ7675'v |  3
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%2 ER 86-019 Indication No. 18/19 Combined (Treated as a&a Swface Indication)

; FLAW [YPE : SURFACE ’
[NITIAL FLAW DEFTH, (A) = 6. 00000 IN )
IMITIAL FLAW LENGTH =  12.00000 IN

i WALL THICKNESS = 12.00000 IN g

I CALCULATED AT FERIFHERY OF SURFACE FLAW WHERE BETA = 0.0 DEG

CRACK TIP TEMFERATURE = 275.0 F 5{

REFERENCE NIL DUCTILITY, TEMFERA IURE = 20.0F |

YIELD STRENGTH =  S0.00 KSI - i ' : -

[ Dt N

SCALING CONSTANT USED IN FARIS EQUATION CO.ET9E-09

EXFONENT USED IN FARIS EQUATION = J.7258

MEMBRANE STRESS = 13.65 KSI

BENDING STRESS = 11.35 KEI

‘GUE CRACK GROWTH = : : _ .
B i . Lo

TRANSIENT A STRESS RANSES (KSI) I NO. OF Y FLAW D_EF’TH (IND)
NQO. MEMBRANE - RENDING N CYCLES L IMITIAL FIMAL
; ;
1 13.6S 11.35 ° 1200.0 & . Q00D g.3048
2 7.565 18.585 100.0 2.30456 8. 34464

’ ’

FLAW SHAFE FARAMETER & = 2.411
MEMBRAME STRESS CORRECTION FACTOR MM '(= 1.1148 [
BENDING STRESS CORRECTION FACTOR ME = 0.298

STRESS IMTENSITY FACTOR USING FINAL FLAW SIZE. kI = 61.472 ESL ROOT INCH

CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 K5I RDOT INCH
RATIO, KIA/KI = e

ACCEFTANCE CRITERIA : KIA/KEI MUST BE GREATER THAN Z.16&
THIS FLAW 1S ACCEFTARLE FER SECTIOM XI OF THE ASME GOILER AMD FPRESSURE VESSEL COLE

(1977 EDITON THROUGH SUMMER 1978 ADDENDA) , FROVIDED FHE FRIMaRY STRESS LIMITS OF
‘Z’-OOO ARE SATISFIED FOR THE FLAWED: SECTION

I8
1
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“ﬁ.NALL THICKNESS' = 12.00000Q IM

7 ECCENTRICITY OF SUBSURFACE FLAW =  1.35000 IN

$fi REFERENCE NIL DUCTILITY TEMPERATURE = 20.0 F
l"f YIELD STRENGTH?= S0.00 KSI

Hf SCALING CONSTANT USED IN FARIS EQUATION
< EXPOMENT Ussb IN PARIS EQUATION =  3.72¢
Z% MEMERANE STRESS =  13.65 KSI |
4wf BENb;NG STRESS =  11.35 KSI

. .y " .
?'.IGUE CRACK, GROWTH : FPOINT 1 LOCATION IS CRITICAL

cv—to

i
1
4
1
1
:

i FLAW SHAFE PQRAH&T&P Q@ = i. 449

~? MEMERANE STRESS FDHRFCTIDN FARCTOR MM = 1.073

‘ . we

FLAW TYFE : SUBSURFACE

{ EENDING 5TRESS CORRECTION FACTDR ME = 0.38%

ACCERTANCE CRITERIA : EIA/EI PMUST BE GREATER THAM 3.1% .

LSO R LSRN B it e S s R 0

S o . | 52 ~1164054-g9 )

ER 84-019 Indication No. 18)19 Combhined (Excess Cv:le; CValUﬁtEd)

INITIAL FLAW DEFTH, (A) = 1.13000 IN

INITIAL FLAW LENGTH = 4,40000 1IN

]

CRACK TIF TEMPERATURE = 275.0 F

0.2067E-10

" TRANSIENT STRESS RANGES (HST) . NO. OF FLAW DEFTH (IMN)

NO. ‘ . MEMESANE  EBENDING CYCLES INITIAL  FINAL
1 13,65 11.35 S S0000.0 1.1500 1.8211
2 . 7.65 18. 45 S 100.0 1.8211 - 1.8220

~ STRESS INTENSITY FACTOR USIMNG FINAL FLAW SIZE, KI = F8.01 KSI ROUOT INCH
z CRACHK AhRLaT STRESS INTENSITY FACTOR, KIA = 200.00 ESI RIOT INCH

" RATIO. KIA/KT = S.26

THIS FLAW I35 ACCEFTABLE FER SECTION XI OF THE ASHME BOTLER AND FRESSURE VESSEL CGDE
(1577 EDITONM THROUGH SUMMER 1973 ADDENDA) , FROVIDED THE FRIMARY STRESS LIMITS OF

‘—._UO(J ARE SATISFIED FOR THE FLAWED SECTION

lep #5A A v B
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i ER B6-019 Indication No. 4

| FLAW TYPE : SUBSURFACE | )
INIFIAL FCAQ DEFTH, &) = 1.050060 IN i :
INﬁTIAL FLAW LENGTH = 5. 40000 IN
;wagL THICKNESS =  12.00000 IN d
”f:ECQENTﬁlciTv OF SUBSURFACE FLAW = 2.20000 IN

. CRACK TIP TEMPERATURE = Z75.0 F

© REFERENCE NIL DUCTILITY TEMPERATURE =  20.0 F

5;Y£ELD STRENGTH =  50.00 KSI
Y ‘

" SCALING CONSTANT USED IN FARIS EQUATION = ©.267E-10
JYEE&PDNENT;USED IN FARIS EQUATION =  3.728
tf:ﬁEMBRANE§STRESS = 13.65 KSI

f:ééNDIMG STRESS =  11.35 KSI

‘eue CRACK GROWTH : FOINT 1 LOCATION IS GRITICAL

. TRANSTENT STRESS RANGES (KSID) ‘NO. OF FLAW DEFTH (IMN)
|

MO . MEMERAME BENDING CYCLES IMITIAL FINAL
1 3.565 11.35 240.0 1.0500 1.0525°
2 7 .65 18.585 100.0 1.0525 1.05%1

Fl.AlW SHAFE FARAMETER @ = 1.255

1.G31

I

‘_ I}‘IE%"’IE‘R(-‘%NE STRESS CORRECTIOM FACTOR M
EENDING STRESS CORRECTYION FACTOR ME = ©.475

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 31.40 ST ROOT INCH

' CRACK ARREST STRESS INTENSITY FACTOR, kKIAa = 200,00 KSI RDOOTI INCH |
RATIO, KIA/MIT = &LEE

ACCERFTANCE CRITERIA : EIA/EI MUST BE GREATER THAM 3.1d6

THIS FLAW IS ACCERTABLE FER SECTION X1 OF THE ASME BIILER AMO FRESSURE VESSEL CODE
(1977 EDITOM THROUGH SUMMER 1978 ADDENDA), FROVIDED THE FRIMaRY STRESS LIMITS aF
b-?-(:'ﬂ?i) ARE SATISFIED FOR THE FLAWED SECTION




% Increase in Size)

FLAW TYFE : SUBSURFACE

INITIAL FLAW DEFTH, (A; 2.10000 IN

{1 I

INMTITIAL FLAW LENGTH = 10.80000 IN
WALL THICKENESS = 1200000 IN | <
ECCENTRICITY OF SUBSURFACE FLAW = 2.20000 1IN

CRACK TIF TEMFERATURE = 275.0 F

REFERENCE NIL DUCTILITY TEMFERATURE = 20.0 F
YIELD STRENSTH =  50.00 KSI -
SCALING CONSTANT USED IN PARIS EQUATION = 0.267E-10
" EXFONENT USED IN FARIS EQUATION =  3.726

. MEMERANE STRESS = . 13.45 KSI

. BENDING STRESS = 11.35 KSI

‘xcuc CRACK GROWTH : FOINT 1 LOCATION IS CRITICAL

TRANSIENT STRESS RANGES (KST) - NO. OF

NQO. MEMBRANE BENDING CYCLES
1 135.65 11.35 280,00
2 7.65 . 18.65 100.0

’ ’

... FLAW SHAFE FARAMETER @ = 1.255

1.141

i

' MEMERANE STRESS CORRECTION FACTOR MM
BEMDING STRESS CORRECTION FACTOR ME =  0.572

. STRESS INTENSITY FACTOR USING FINAL FLAW S17ZE, Kl =

52-1164054-00

FLAW DEFTH (IN)
INITIAL FINAL

¢

2,1660 2.1145%
2.1145 2.1182

.’

S0.92 KESI ROOT IMCH

..CZF\'QEH ARREST STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH

RTIO, KIA/KD = .94

ACCERTONCE CRITERIA @ KIA/KEI MUST BE-GREATER THAN 2.10

THIS FLAW IS5 ACCEFTAELE FER SECTION XI OF THE ASHE BOILER ARND FRESSURE VESSEL
(1977 EDITON THROUGH SUMMER 1978 ADDENDA), FROVIDED THE FRIMARY STRESE LIMITS

' i"*—.'?-i:)ﬂ)() GRE SATISFIED FOR THE FLAWED SECTION

A &/ ¢ 4’/?7//3-6 |




Tao

ER 84—-019 Irudicat:ic-n No. 4 (Maximum Subsurface Indication)

FLAW TYPE : SUESURFACE
INLTIAL FLAW DEPTH, (A) = 2.77000 IN
INITIAL FLAM,LENGTH'= 14.04000 1IN
‘ WalLL THICKNESS = I
ECCENTRICITY OF SUBSURFACE FLAW = 2. 20000
CRACK TIP rEMPERATDRE = 275.0F
EFERENCE MIL DUCTILITY TETFERATURE =

YTELD STRENGTH = g- .00 KST
SCALING CONSTANT USFD N PAR[S EQUAT IOM 0. 287E-10
EXFONENT HSED IN FHRIb EBUATION =  3.726 -
MEMBRANE STRESS ;' 13.45 KSI
BENDINB STRESS =!¥ 11.35 KSI |
‘GUE CRACK, Gfi:é)il-)TH . FOINT 1 LOCATION 15 CF‘IlIlLAL
© TRANSIEMT ?ESTRéSS-RANBES (EST) ‘NO. OF FLAW DEPTH (IN)
N | MEMERANE  BENDING . CYCLES INITIAL  FINAL
1 24(:).(_)
2 > 100.0
CLAW SHAFE FARAMETER © =
HgHBRAN~ STRESS CORRECTION FACTOR MM =
BENDING S1RESS CORRECTION FACTOR ME =
'STRESS IMTEMSITY FACTOR USING FIMAL FLAW SIZE, K. 5%.11 KSI RDOT INCH
CRACK ARREST, STFES: INTENSITY FACTOR, KIm = 2¢ KSI ROOT INMCH
RATIO, KIA/KI = .07
HLIFFIHNFE.CRITERIﬁ . Wikl MUST EE OREATER THAN T.1&

.'I'HI.’—S FLALW 15 NOT ACCERTARLE FER SECTIOM XI OF THE ASME BOILER AND FRESSURE WVESSEL
C1977 ENITION THROUGH SUMMER 1973 ADDENDA)

Wﬂ/.#w/ﬂ_ ‘ O f/W/‘éfsﬁ
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ER 86-019 Indication No. &4 (97% of
FLAW TYPE : SUBSURFACE

INITIAL FLAW DEFTH. (M) =  2.65000
INITIAL FLAW LENGTH =  13.862900 IN

WALL THICKNESS = IM

2. 00000
ECCENTRICITY OF SUBSURFACE FLAW =
CRACK TIF TEMFERATURE = 275.0 F
REFERENCE NIL DUCTILITY TEﬁPERATURE =
VIELD STRENGTH =  S0.00 KSI
EXFONENT USED IN FARIS EQUATION =
;MEMBRANE STRESS =

. BENDING STRESS = 11.35 KSI

.GUE CRACK GROWTH :

TRANSIENT STRESS RANGES (KSI)
NO. MEMBRANE REMNDING
1 13.65 11.35
2 7.6 18. 63

’ ’

FLAN SHAFE PAF\HMETER D =

1.255

A ME:ME*RANE STRESS CﬂF\Ffo"TIDN FI-J‘TDF M

STRESS INTENSITY FACTOR USING FIMAL

| RATIO, KIA/KI = 2017

ACCEFTANCE CRITERIA : KIA/KI

foi HoH

. BENDING STRESS CORRECTION FAC'I OR P’lB =

CRACKE ARREST STRESS INTENSITY FACTOR,

SCALING CONSTAMT USED IM FARIS EQUATION

3.72

Ma i mum Subsurface)

-

2.20000

]

rJ\

FOINT 1 LOCATION

IN

0.287E-10

IS CRITICAL

FLAW DEFTH (IN)

NO. OF .
CYCLES INITIAL  FINAL
240.0 2.6500  2.6819
£ 100.0 2.4819  2.6904
1.251 .
0. 675 |

FLAW SIZE.

MUST BE CREATER THEN 3.°16
THIS FLAW IS5 ACCEFTARLE FER SECTION X1 OF THE ASME EBOILER AND FR

. (1977 EDITON THRDOUGH SUMMER 1978 ADDENDA) ,
‘- 000 ARE SATISFIED FOR THE FLAWED SECTION

_gF e (56

K1

i
5

L£Z002 ¥SI ROOT INCH

EIR = ”'-‘l).(.)(_) KSI RODT INI‘H

ESSURE VESSEL 20D
FROVIDED THE FRIMARY STRESS LI MITS OF
(!

=
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32-1164054-00

R 85-019 Ihdication Mo. 8 ‘ ,

FLAW TYFE : SUBSURFACE

[NITIAL FLAW DEFTH, (@) - i.1zsoo IN ) :
]NITIQL; FLAW LENGTH = 2. 25000 IN

WALL THILCKNESS = 200000 (N J
FLPENTR‘ICI TY OF SUE(‘-\URFAL,E FLAW = 2.2.;75(:)(:) I

LF\ACI" TIP TEMFERAIURE = 2279.0 F
F\!:.FE:F\E.NLF M1L DUCTILITY TEMFEhﬁ]UFE == 20.0 F

y(ELD S‘!l'RENG\’H = SO.00 B51

i
<
r\
r

‘u

ﬂ
—

” SCALING UNNSTANT USED 1M FARIS EQUATION
EXéO&ENf USED IN FARIS EQUATION =  3.720
ﬁ?NEMBRANE STRESS =  13%.65 ST

 2 EENOINGgSTRESS =  11.35 KSI

‘jsdl‘_)s" CRACK GROWTH 3 FOTINT 1 LD.I':AT'J.‘DN 15 CRLTICAL

TRANSIENT STRESS RANGES (KSI) NO. OF FLN‘! DEFTH (IM)

NUO. FIEMERANE  BENDING CYCLES INITIAL FINSL
1 13,865 11.35 240,90 1.1290 1.1259
2 7 .65 18.65 100.0 1.125% 1.1261

FLAW SHAPE FARAHETER @ =  2.411

i
e
Dyl

T
e

S MEMBRANE SIRESS CORRECTIOM F—HLIHF\ i
RENDING STRESS CORRECTION FHCIC)h He = (.')‘. 475

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE. KI '= 2ELS7 ESYI ROOT OIMCH
CRACK _(-\F\‘F\‘EST‘ STRESS 'IMTENSITY 'F(‘iCTUF:, }-=;I{~§ = 200.00 KESI ROOQT IMCH

RATIO, KInsKL = v, 34

GUCEP I ANGE CRITERIA @0 KIASRT MUST BE GREAITER THaN 3018 °
ITHIS FLAW 15 ACCERTARLE FER SECTION XI' OF THE ASHE ROLLER AND FRESSUR VESSEL G

(1977 EDIIOM THROUSH SUMMER 1972 ADDENDA)  FROVIDED THE FRIMARY SIF\E"‘” LIMITS o

5-3000 ARE SAlIZFIED FOR THE FLAWED SECT LON

e ol AT wEerlos




ER 86—019v1ndication No. 8 (140 7% lncrease in Size)
’ R Y \

FI.LAW TYFE : SUBSURFACE

INIT1AL ELAW DEFTH, (A) =  2.ZE000 IN - :, '
INLITIAL FLEW LENGTH = 4._50000 IN :
*“ENALL:WHICKNESS = 1200000 1N o ﬁ
ECCENTRICITY OF SUE(éURFACE FLAW = 2.27500 1M

:n:CRHBH TIF TEMFERATURE = 2725.0 F J

- REFERENCE NIL DUCTILITY TEMPERATURE =. 20.0 Fﬁ; 5} ‘ - ' p

— 1 i : —

TUUVIELD SYRENGIH = 50,00 KSI g

\
. SCALING COMSTANT USED IN PARIS EWUATION O.Eﬁ?E—lO

i ' ‘ :

", EXPONENT USED IN PARIS ERUATION =  3.726

i 4 |

i MEMBRANE STRESS =  13.6% KSI

| BENDING SIRESS =  11.35 KSI ‘
b .GUE CRACE GROWTH : FOINT 1 LOCATION IS CRITICAL

j ~ | . o .

§ IRANSIENT STRESS RANGES (KSI) NO. OF FLAW DEFTH (IN)

: NG. ' . MEMERANE  BENDING CYCLES IMITIAL  FINAL
: 1 3.65 . 11.35 240,00 2.2500 2.2555
: 2 , 7.85 1365 1000 2,285 L.2570

FLAW SHAFE FARAMETEH o= 2 411

'HEMBRAN& STRESS CORKRECTION FACIGF el = 1.17F

" RENDING STRESS CORRECTIONM FACTOR MB = 0.0

STRESS IN1TENSITY FACTOR USING FIMAL FLAW SIZE, KI = 39,20 KSI ROOT INCH
- CRACK ARREST\STRESS INTENSITY FACTOR, KIA = 200,00 KSI RDOT IMCH

CRATIO, KIA/KI = 5,10

ACCEPTQNDE CRITERIA = EIA/KI HMUST BE GREATER THAN 2.158

THIS FLAW [3 ACCEFTARLE PER SECTION XI OF THE ASME BOILER AND FRESSURE VESSEL CODE
(1977 EDITON THROUGH SUMMER 1978 ADDENDA) , FROVIDED THE FRIMARY STRESS LIMITS OF
‘ 000 ARE SATISFIED FOR -THE ‘FLAWED SECTICH .

b

i

(e 5_%3/5«4 _JA /f/ﬁ/%/ &6 | .




. t . il

ER 84-01% Indication No. g (Maximum Subsurface Indicat$

I . . . -

FLiaW TYFE : SUBSUEFHCE

INITIAL FLAW DEFTH, @ = 2.70000 IN )

INIFIAL ELAQ LENGTH =  5.40000 IN

WALL THICKNESS = { 12.00000 IN v

ECEENTRICITY'OF.SQBéURFQCE FLAW =  2.27500 IN )

CRACK " TIF TENF'ER:’-’!'tURE = 275.0 F

REFERENCE NIL DUCT;ILITY TEMFERA TURE = 20.0 F

YIELD STRENGTH = ¢ S0.060 KSI

IS EQUATION 0.2H7E~-10

I

SCHAL.ING CUMSIANT USED IN F

"EXFPONENT USED .[N FARIS ERUATIONM = J.726

MEMBRANE STRESS =  13.65 KSI
_; BENDING STRESS = . 11.35 KSI

':'E‘[GUE CRACK GROWTH : PUINT 1 LOCATION Is CF\‘[TiCAL

TRANSIENT STRESS RANGES (k91) NO. OF FLAW DEPTH (IN)

NO., : MEMEBERANE BEMDING CYCLES INITIAL F INAL
15.635 11.35 24Q.0 2. 7600 2.7102
2 7.863 18. 65" B K0 14 Y ) 2.7102 2.7129
Fl.AY SHAFE PARAMETER ®& = 2.411 ‘ .

MEMRBRANE STRESS CORRECTION FRCTOR MM = 1.261
RENDIMS SIRESS CORRECTION FACTOR MRB = 0. 6350

S.TF\'ESS INTENSITY FACTOR USING FINAL FLAW SIZE. KI = ~ 45.24 KSI ROOT IMNCH

.CHADFZ. ARREST STRESS INFENSITY Fac OR, kKIA =_~ 200.00 KSI ROOYT INCH

“UORATIO, KIA/KLD = 4.33
ACLER [BNGE CRLTERL& @ KIAKD MHUST BE GREATER THAN 3. 18 .

-. COTHIS ELAW [S ACCEFTARLE FER SECTION XI OF THE ASHE BOILER AND FRESSURE VESSEL G045

(1977 EDITON THROSH SUMMER 1978 ADDENDA) , FROVIDED THE PRIMARY STRESE LIMITS OF

) . o000 ARE SATISFIED FOR THE FLAHED SECTION

LN gy

. P A wloales




Babcock &Wilcox .- P0S.21036.0 (9.1

Nuclear Power Generation Division GENERAL CALCULATIONS
%UMM{\’QX oF Q\E%UUT‘.S

TaoicaTion ¥l © -

Q@ = LS 236 3335 319 Go Lo 193

R = 44 @80 1776 12.20S 12,6 \ro P |

e = \-35 1-2S 13§ . .35 o - 135 o

ag = VSIS 230% 33819 70291 Gasd) gad 822 |

SR 155 4L 300 347 {3.8\ 325 526

FN: 1B Cxans — DOBIN'T MEET CRITELN
N = 58000 cTES |

':\.’ND\C_AT\ON\ * 4

o, = 1.6S 2100 23> - 2.5
L = S.\to 10-88. 4.0 13.63
i [ = 120 2 g XK .20 .20
ag = 1. <57 2082 I 2-b40¥
Veefyr= 637 3.5 2.03% | 3.7
‘ DOENT MEET QT IN-
Rt TiplcATioy + B - I
lal= . s 228 00
L o = 2215 7.8 2. 1S
Gt = \ Vo 2287 2.71Y
e = B3 Sae . 433 |
PREPARED BY é(_)( ZCZ{ , DATE SZ-—Z)Z/XK boc. No.
REVIEWED BY ‘/a’%c‘) i DATE 4’/"/4’/56 PAGE NO. 27/




ER B6-019 Indication No. 3/4 Combined

FLAW TYFE : SUESURFACE
INTTIAL FLAW DEFTH, (A) = | 1.05000 IN

oo IN

INITIAL FLAW LENGTH =

ERNESS = . O0OCO TN

IN

CITY OF SUBSURF ACE FLHW =

i

WACK TIF TEMPERATURE STELOOF

DUCTILIYY TFMFL“l URE = 2000 F

SOALINE CONSTANT USED IN FARIS EQUATION = O.267E-

EXFONENT USED IN FARIS EQUATION =  3.72

&
— it e A ~. L L & - an i
) .
LT
RS
11 T
o At o,
. !
o T EETRIT 4 L IR ATTIOAN TS !
CRACH R s TR DA S L S T TOM IS .

TRANGIENT

4 P N i -r e : |,—
1 I ] 131035 i.0T

- -7 [ [ - &0
2 7.E65 1. 865 1,052
- ~ oo = A
R Z.B& 2.8é& 1,053

FLAK SHAFE FARAMETER O = 1,122

MEMERONE STRESS CORRECTION FACTOR MM = 1.024

EENDING STRESS CORRECYION FACTOR MR = .37

KEI ROOT INCH

['1

—

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, HI = 1.2
CRACH ARREST I'RL S5 INTENSITY FACTOR, KIA = 200,00 KEI RODT INCH
ATIO, EIAMI = &7

ACCERTANCE CRITERIA @ KIA/E

FLAW IS ACCEFR
EDITON THROUGH SUMM
ARE SATISFIED FOR T

. | /- ,;,fb" ,77&) B 'J//z//gé FB




INITIAL

13000 IN

[2);

~—r

1y

DEFTE

FLAW

IR

G, 40000

IN

OOG

b

12.¢C

P2y

i
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d
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i3 Y
R ] i -
R R o 0 Lty
et oLl . - o [ L
s = O 5
u oo i
RN i
- 3
G~ i i
i 18] ¥
2 i i
i iid
e i
=
- 4 -
h i . . L¥
4 <z if L 3 3
| ] b YR
g - R = : o= E
™~ [ 2 be] I Ul oes
i ~3 Lo b T g o
] N 4 2 il = [ - i
[} 7 ) Li} Lid

i Z - e 9y} P4 i oG =
o . Ui . + — it L o C
beg b bt i D ul b~ A
~4 4 i - bad <L <L LN B
~i3 o = - L 0 L
: Z a oW A S T
— o] . hi 4 W5} = Ui
i s i i L >l
p= s i Lt £y 0
bl o IR TSR] b £ 2 [} U3 =y bl
; L s by -0 03 T 0 a3
i e [} 4 N it pred [ - <L
L } ] 5 Ul I i L [ I ul .
= <L = mio <f - [ b. 'R 0 N
I bl [ . <t o] = o
i N i - . <5 £ [} > L)
L i L. — - — li. <L = - - T
i~ x Ui <L ! 4 - M o
[EXT S I o Z w9 ~ 0 Wi
L, Ci YR o Z2 3 Z VI
(48 b = 1l SO0 i Pt (W] Lil [ e 3 A}
i i = i . s . [ s (i - [yl kv L 7 u- Vl
i Cac 0] (I 3 L - (] = 0] 1 U3
: e R - TR I . e J
4 i3 Lij i i i Lik o) Byl < oaoul .
0 i d T A AP - T | G b3 g
- s G = [} Tl L [} -t (IR IR E
Ul 4 (1] a Lid i o w \
li - = FN 3 > i il g -~
0 o I o= 0 = QI -~
o o i ] Ui — Y 4 G- &
—~ ) OGR! ) ) - T 53]
pis 53] 1} (I i s L = = &) ui =
- = [H - i L Ul ~ — L
bt . L] ] Lil [57] b~ k- il <g i1) [
Gon a N W Z E M 4 Bl N
e e L) b Z AR T [ T A AR A J
[1's = i i} pd [ T = s} <8 (4R 4 Ll
- i AT & wooad oz T N
i T s W = B -z o e QO £~ =
[y (] L 2 4 ] =2 Ll (] -4 L [E}IN N
8] <. L bif <L [u e ey i = < - [} LY
6] L i} Bt [ P2 ] 15 IR} ¥ < ] VR
Ll A A 53} Lid L = s} Q w (¢4 =~




@ ! @
Babcock &Wilcox ' 32-1164054-01 P0S.21036.1 (9-81)
Nuclear Po'w‘e; m(o;ecn;r;tion Di{/ision GENERAL CALCULAT‘ONS

Tvem 2
As‘:\w\?'nox\\b .
V) Service TNDLUCED QQDNT\-\ SicE 1980

2) Lwer (Non- CSoE ) GRowTH  RATE
3) ORIGINA-  MEASURED LENGTH  USED

Crenss C,OL)T'\Z_\P.:UT\'P&\ To STRES = 2o W lc_b
" (S yemns w240 ©¥C /a0 wws )

L.

N!E—\T TNoOPECTION = 1D Mos = 9D ayclES
&/AN - 1D/ /20 = .03BDD w [ evae
Gg = QL * Sa. = 1S + 038335 (9) = VADS W

Ke = (1365 “.052._"‘%_;_\\'73—.5,\_“—,) A/ )72 A/ 1495,

=

- 3\54“ '!ﬁs'»m

Keo Jke = 20°/31.5% = 634> 3.\0 ox !

L oL E
ST CEDRCOVIIPE SO SR - i k.

|
|
|
3
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Babcock &WI|COX 32-1164054-01 PDS.21036.1 (9.81)

a McDermott company

Nuclear Power Generation Division ' GEN ERAL CALCU LATlONS

Trem 3

TJusTiFicATIoNn Foe UN-ANAUZED TRAMNSIENTS

A guestion was raised as to the effect of system transients
in addition to .the Heatup/Cooldown (HU/CD) and Inservice Leak
and hycrostatlc Test (ISLET) transients considered in the B&W
na1y515.. The specific concern was whether some large cyclic
transients, although not necessarily of high stress, could be
51gn1f1cant to flaw evaluation.

It wasinoted by B&W that the flaw ev@luatlons performed were
in accordance ,with B&W's original stress report, which
considered only the two transients (EU/CD and ISLHT) as
significant in the flaw growth calculations. Review of the
original stress report showed that other transients induce
stresses less than the enduraznce limit stress, and thus do
not affect the fatigue usage factor.

> , 1)

"To address the guestion raised, the functional specification
. was reviewed with respect to transients with-large numbers of
cvcles. Four transients fall into this category: ‘1) Power
Locd*ng/UnTOadlng, 2) 10 percent Step Load Increase/Decrease,
3) Feed ané Bleed, and 4) Miscellaneous. The temperature
variation on' the RV due to these tranSLents is 20, 5, 0, and
0 deg ees Fahrenheit respectively.

The eF ect of the most significant of these four tranSLents,
the Power Loading/Unloading transient, was evaluated. A
thermal stress (1.432 AN T) cf 5.7 ksi was assumed to vary

?’11nearly 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

'bendwng stresses and cycles were input as a third transient .
into the FLEP (Section XI, Appendix A) flaw evalnatlon -

program., (This evaluation also includes a correction ‘to the

eccentricity as a result of recalculating the edge
.d\stance(s) ) ~

The ‘results of this calculation are attached for the worst
"case indication (ER 86-019% Indication No. 18/1% 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.

PREPARED BY VoL pare W~ 8- 86 DOC. NO.

REVIEWED BY %f[d DATE ///7’!/&6 PAGE NO. z—,
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Babcock &Wilcox 32-1164054-01 P0s.21036.1 (9.1

a8 McDermott company

Nuclear Power Generation Division GENERAL CALCULATIONS

" 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 tﬁe 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 because of the
acceptability criteria (KIa /KI must be greater thaani vs. 410).

PREPARED BY ol oare M-18-86

DOC. NO.
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TeM PO PROGRAM  FLEP
(fc \/E_p.s\or\\f‘ oF K\PD—TM-.— 53 '

I

;
]
2
A
4



R .
“II
E.! °
-3 B
i
,'

FROGRAM FLEF

#,Y3(13,86),X4(8),24(4) ,Y4(8,4) ,XT(13), 23 (6) Yu(lZ,b),Xb(B)
*(8 4) ,SMR(20) ..::BF\(ED) « XNCYCLE (20) ,TITLE(:.U) JAI(ZO0) ,AF (20) ,

*AF2 (20) .
REAL MM,ME,KI,KIA,MMZ2,ME2,KI2 -

Cx#%x% DATA INFUT FOF\ ‘MM FACTOR FOR SURFACE FLAW

32-1164054-00

DIMENSION X1(1q),21(9),Y1(1u.9) X2(11) 4 Z2(6) ,Y2(11,6) JXI(13) ,Z3(4)

76(8) , b
AI2(20) ,

'DATA(X1 (1) I=1,15)/. UU,.OJ,.l 3,.15,.20,.25,.30,.35,.40,.45,.50,.55

*,.60,.85,.70/

DATA(ZI(1),I=1,9)/. (‘)(_),.(_)_,,_1(),.1\4.._0,.__,,._(:),.35,_5()/‘

DATA(YL K, L), L 1,9),K=1,15)/

*1.112,1. 10_',1 100,1. 100 1 100,1. IOO 1.100,1.100,1.100,
Sl 1;_8 1.121,1. 102,1 100,1.100,1.100,1.100,1. 1()(.),1 100,

#1.188,1.149, 1.121,1.110,1.100,1. 1(')0 1.100,1.100,1.100,
#1.259,1. 19L,1 151,1. 1;0,1 108,1.100,1.100,1.100,1.100,
*#1.367,1.257,1. 19\_:,1 158,1. 1_..;,1 112,1.104,1.100,1. 100,

. *¥1.514, 1.-.\40.1.4.q),1 195,1.131, 1. 1\0 1.114,1.100,1.100,
#1.703,1.452,1.320, 1.238,1. 18..,1 151,1.127,1.100,1.100,

*1.956,1. q84 1.406,1.294,1.221,1.179,1.145,1.100,1.100,
*¥9.000,1.737,1.508,1.354,1.264, 1.208,17162,1.100,1.100,

TN 000,1.930,1.631,1.428,1.318,1.244,1.186,1.100,1. 100,
. *#9.000,9.000,1.775,1. ..J...-,l...\81 i. "’8.),1.'214 1.100,1.100,

%*¥9.000,9.000,1.934,1.5646,1.452,1.328,1.242,1.100,1. 100,

| %¥9.000,9.000,9. 000,1.800,1. 44\,1.»8q.1 274,1.104,1.104,
. %9.000,9. 000 ,9.000,1. 975.1.644,1.043,1.309,1.110,1.110,

*9.000,9.000,9.000,7.000,1. 76u,1 514,1.359,1.117,1.117/

Cx#*x% DATA INPUT FOR MB FACTOR FOR SURFACE FLAW WITH BETA=0.
" DATA(X2(I) ,I=1,11)/. oo,.nq,.1o,.1d..2o,.gq,.¢n,.gq,.40,.4d,.qo/

DATA(Z2(I) ,1=1,8)/.0,.1,.2,.3,.4,.5/
DATA( (Y2 (K,L) , L=1,6) K=1.1127
*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,
%1.034,0.934,0.859,0. 848.0.828.0.806,
*1.04u,0 895,0. 810,0.781,0.758,0.734,
.072,0.842,0.758,0.718,0.693,0. 662,
*1 117.0.836,0.709,0.658,0.620,0.590
%¥1.178,0.820,0. 66q,0.q97 0.550,0. S14.
*1.256,0.815,0.&26,0.548,0.485,0;444,
#1.356,0.829,0.591,0.481,0.412,0.371,
%1.478,0.865,0.561,0.420,0.343,0.298/

rExxy DATA INFUT FOR MM FACTOR FOR SUBSURFACE FLAW AT FOINT 1
DATA(X3(I) ,I=1,13)/. oo,.ou,.10,.1u,.éu,.~_,.¢n,.hu..4u,.4u..qn

#*.,.60/

DATA(ZI(I) ,1=1,6)/.15,.25,.35,.45,.55,.65/

DATA ( (Y3 (K,L) ,L=1,5) ,K=1,13)/
.010,1.037,1.080,1. 139, 1.234,1.366, |

 %1.010,1.033,1.081,1.144,1.247,1.380,

#1.011,1.041,1., xaq,i 1u2,1 264,1.402,
*1.012,1.043,1.091,1;165, .285,1.430,
%#1.013,1.046,1.099,1.179,1.308,1.466,
#1.014,1.050,1.111,1.1956,1.3356,1.524,

.015,1.054,1.12%,1.216,1.3468,1.887,
#1.018,1.062,1.135,1.243,1.407,9.000,
#1.022,1.070,1.151,1.274,1.483,9.000,
#1.028,1.082,1.170,1.3038,9.000,%.000,
#1.033,1.095,1.190,1.346,9.000,9.G00,
#1.0481,1.112,1.212,1.390,9.000,9.000,
#1. nuz,i 1?:,1 238, 1. 447,9.000,9. 000/

DEG

Cxx%% DATA INFUT FOR ME FACTOR FOR SUBSURFACE FLAW AT FOIMT 1

DATA(XA (1), I=1.8)/.0,.1,.2,.3,.4,.5,.8,.7/
DATA(ZA(I) ,I=1,4)/.1,.3,.5,.7/
DATA( (Y4 (K, L) ,L=1.4) ,K=1,8)/

U'l
n




Co#D L, 185w, 0. Fnl 00474,
© ¥0.261,0.351,0.474, 03?18.
- %0.365,0.468,0.590,0548,
#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. 764,0.961 9.000,9.000/
Cx%#% DATA INPUT FOR MM FACTOR- FOR SUBSURFACE FLAW AT POINT
DATA(XS(I) ;1=1,13)/. oo,.ou,.1u,.1q,.‘o,.éq..éu,.¢d,.40,.4q,.do,_ S5
,.60/ :
DATA(ZS (1) ,I=1,6)/. 15,.25,.35,.45,.95,.635/
DATAC(YS(K,L), L= 1,6),K=1,13)/ .
%1.010,1.037,1.080,1. 1u9,1.2q~,1.:61,
#1.010,1.037,1.077,1.134,1.231,1.3581,
#1.011,1.038,1.077,1.132 1.2q_,1. 363,
#1:012,1.039,1.080,1.135,1.237,1.347,
*1.01¢,1.0:9 1.084, 1 141,1.244,1.373,
#1.014,1.041,1.089,1.147,1.253,1.382, E
*1.015,1.042,1.094,1.157,1.264,1.393, 4
#1.0146,1.047,1.104,1.172,1.277,9.000, i
*1.016,1.052,1.112,1.191,1.293,9.000, o o
'018 1.061,1.125,1.212,9.000,9.000, - " i
.021,1.072,1.139,1.237,9.000,9. 000, D ;
*1 028,1.086,1.156,1.256,9.000,9.000 o )
*1.037,1. 1oq,1 179,1.298,9.000,9. 000/ i
Cx%%% DATA INPUT FOR MB FACTOR FOR SUBSURFACE FLAW AT FDINT 2
DATA(XG(I) 31=1,8)/.0,.1,.2,.3,.8,.5,.6,.7/ i
DATA(Z&(I) ,I=1,4)/.1,.3,.5,.7/
DATA((Yé(K,L),L=1,4),K=1,8)/
%*-.050,-.158,-.258,~-.382, ‘ 1
- . %0.045,-.054,-.158,-.281, -
 %0.152,0.055,-.050,-.171, ) K -
: *o.de,o 163,0.052,-.065, =~ o : o .
*0.358,0.268,0.159,0.058, ! :
*0.458,0.373,0.272,0. 18u- '
: *0.570,0.49n 0.398,0.313,
*¥0.8671,0.608,0.525,0.435/ . |
READ S,NFLAW o
DO 10 K=1,NFLAW "
 READ lq,(TITLE(I),I 1,20)
"PRINT 20,(TITLE(I),I=1,20)
READ AJ,NTYFE A,XLL,E,T,BETA,NTRAN,SM,SE

READ 30,TEMF, SYIELD RTNDT c, XN KI,KIA

READ ;q.(qMR(I),SHF(I),XNCYCLE(I),I 1,NTRAN)

IF(NTYFE.E@.2) GO TO 40

PRINT 45

GO TO SO

FRINT 55

PRINT 60,A,XLL,T

IF (NTYPE.EQ.1) GO TO 7S5

FRINT 80,E

GO TD 85 - : :
75 FRINT QOLIBETA L : ) .
g5 FRINT 935, TEMP,RTNDT :

WEI=#1 :

” IF(KI.NE.®.0) GO TO 281

. FRINT 1035,SYIELD

FRINT 110,C
. FRINT 1ﬂn xM
FRINT 125,SM,SE

! LL=1
Al=A o
XL=XLL , ;
X=A/XLL ‘ !
IF(X.6T.0.5) G0 10 135

’

(oo’

b




SEY RIS IR LI RS : e 5 SRS ERIR LA U

LE(NTYFE.EG.2) U O 145 .
DETERMINE MM FACTORZEOR SURFACE FLAW . 32-1164054-00
KEY=1 : : -
XX=A1/T
Z7=A1/XL
DO 150 11=1,15
IF (X1 (I1).GE. XX) GO TO 1
GO TO 135
IP1=11
I11=11~-1
DO 1&0 J1=1,9
IF(Z1(d1).BE.ZZ) GO TO 185
GO 7O 13S
JP1=J1
JJi1=J1-1 :
DX1= (XX~ x1<111)>/<x1(191> -X1¢II1))
DZ1=(ZZ-Z1(JJ1))/(Z1(IP1)~Z1(JJ1))
IF(Y1(I11,JJ1).6T.2:) GO TO 135
IF(Y1(IP1,JJ1).GT.2.) GO TO 135
IF(Y1(II1,JP1).GT.2:) GO TO 135
IF(Y1(IF1,JP1).GT.2.) GO TO 135
YA1=Y1(I11,JJ1)+DX1%(Y1(IP1,JJ1)-Y1(I111,3J1))
YE1=Y1(II1,dP1)+DX1% (Y1 (IF1,dP1)=Y1(111,IP1))
MM=YA1+DZ1% (YE1-YA1)
IF(BETA.EQ.90.), GO TO 175
DETERMINE MB FACTOR FOR SURFACE FLAW AT BETA=0 DEGREES
IF(LL.EQ.1) GO TO 200
IF (XX.BT.0.25) GO TO 215
60 TO 205 :
IF(ZZ.GT.0.1) GO TO 205
DO 180 I2=1,11
IF (X2(12) .GE. XX) 60 TO 185
GO -TO 135
1P2=12"
112=12-1
DO 190 J2=1,6 :
IF(Z2(J2).GE.ZZ) GO TO 195
G0 TO 135
JP2=J2
JJ2 Jz2-1 :
) —(XX=X2(112)) 7 (X2(IF2)~X2(112))
=(ZZ-22(J32)) /(Z2(IP2)~Z2(JI2))
YAQ Y”(IIZ.JJ°)+DX“*(Y”(IF JJ”)—Y“(II:,JJ“))
YE2=Y2 (112,dF2) +DX2% (Y2 (IF2,dP2) ~Y2(112,JF2))
MB=YA2+DZZ* (YE2-YA2)
GO TO 205
* DETERMINE MB FACTOR FOR SURFACE FLAW AT BETA=90 DEGREES
IF(LL.GT.1) GO TO 205
CIF(XX.6T.0.5) GO TO 135
IF(ZZ.GT.0.3) GO TO 135
IF(ZZ.LT.0.2) GO TO 13§
DX2=(XX=0.0) / (0.5~0. )
DZ2=(ZZ-0.2) /(0. 3-0.2)
YAZ=0.821+DX2#* (0. 805-0.821)
YE2=0.956+DX2% (0. 892-0. 956)
ME=YAZ+DZ2% (YB2-YAZ)
GO TOD .t..“_l
DETERMINE MM FACTOR FOR SUESURFACE FLAW AT FOINT 1
XX=2.%E/T
Z2=2.%A1/T
DO 220 I3=1,13
IF(Xs(I»).GE XX) GO TO 225
60 TD 13
IFS=
113=13—1




CRE0 LF (IR LbE. £L)

50 71O 139
1235 JPI=J3
JJ3=J33-1 . .
: T DXI=(XX=XIC(IIZ) ) /(XI(IFS) =X3I(IIZ))
" DZ3=(ZZ-23¢JJ3)) /(23 (IF3I)~Z3(JIF))
IF(YS(IIZ,JI3).6GT.2.) GO TO 135 «

IF(Y3(IP3,JJ3).6T.2.) GO TO 135 : SN
IF(Y3(I13,JP3).GT.2.) 60 TO 135 - '
IF (Y3 (IF3,JP3).GT.2.) GO TO 135 :
YAS=YS (113,JJ3) +DXI* (Y3 (IF3,JJ3) —Y3(113,333))
YBQ—YQ(IIT,JPT)+DX3*(YZ(IP3,JP3)—Y?(II3,JP3))
. MM=YAS+DZ3# (YB3-YAZ)
- Cx%%* DETERMINE MB FACTOR FOR SUBSURFACE FLAW AT POINT. 1
: DO 240 14=1,8 ,
240 IF(X4(14).GE.XX) GO TO 245
G0 TO 135 - .
245 IP4=14
I114=14-1
DO 250 J4=1,4
S0 IF (Z4(J4).GE.ZZ) GO T0 255
60 TO 135 |
255 JF4=J4 | !
JJ4=34-1 ‘
DX4=(XX-X4 (I14))/ (X4 (IP4)-X4(114))
DZ4=(ZZ- Z4(JJ4))/(24(JP4)—Z4(JJ4))
IF(Y4(114,JJ4).6GT.2.) GO TO 13
IF(Y4(IP4,JJ4).6T.2.) GO TO 1<= |
IF(Y4(114,JFP4).6T.2.) B0 TO 13
IF (Y4 (IF4,JFP4) .GT. 2.) 60 TO 135
| YAA=Y4(114,J34)+DX4% (Y4 (IP4,JJ4)~Y4(114, 334))

Q . _YBa= =Y4 (114 JP4)+DX4*(Y¢}(IF’4 JP4)—Y4(II4 JP4))
*

. MB= YA4+DZ4*(YB4—YA4)— . o
XE® DETERMINE FINAL FLAN SIZE - ' Lo
‘205 AI(1)=A : :
; "DO 265 I=1,MTRAN
5 D1=SMR (1) ¥MM*1.77245/ (Q%%0.5) : ;
i D2=SER (1) *ME#1.77245/ (Q%%0.35) .
D=D1+D2 O , : o
: IF(D.LT.D.0) D=0.0 : '

a ' F=(2.—-XM) /2

AF(I)—(AI(I)¥¥F+F*C*(D)**XN*XNCYCLE(I))**(1/F)
255 AI(I+1)=AF (D)
IF (AF (NTRAN) .LT. (1.01%A1)) GO TO 270 o
AL1=AF (NTRAN) . &
XL=AF (NTRAN) *XLL /A
LL=LL+1
GO TO 140
270 IF(NTYFE.EQ.1) GO TO 271
Cx¥#* DETERMINE MM FACTOR FOR SUESURFACE FLAW AT POINT 2
CAL=A ,
217 ZZ=2.#A1/T
* - DO 221 IS=1,13 o
221 IF(XS(I5).GE.XX) GO TO 22
50 TO 135
226 IFS=
11S=15-1
DO 231 JS=1.6

231 IF(ZS(JS).GE.ZZ) 60 TO 238
: . .BD.TO 135 o

2386 JFS=JS5
Jis=J5-1
DXS=(XX—XS(I15)) /(XS (IFS)-XS(1IS)) L
DZS=(22-ZS5(JJS) /(LS (IFS) —25(IID)) ‘ i

IF(YS(I15.,JJ5).6T.2.) 60 T0 135




L L. IFrSUIIS IFS) L6, 2

. IF(YJ(IFu JFS).6T.Z5% GO TO 13

' Yq(IIq,JJq)+DXu «Yd(IFq,JJJ) YJ(IIJ.JJQ>>
YBq =YS(IIS,dPS) +DXS*(YS(IPS,JFPS) —YS(I1S,dF3))

=YAS+DZS* (YRS—-YAST)
‘*** DETERMINE ME FACTOR FOR SUBSURFACE FLAW AT POINT 2
DO 241 16=1,8 , . .
241 IF(X6(I&6).GE.XX) GO TO 246 : =
G0 TO 135 ° “ . . ‘ - :
246 IF&6=16 ‘ )
116=16-1
DO 251 J&=1,4
251 IF(Z6(Js).GE.ZZ) GO TO 256 .
GO TO 135 .
256 JP&=J6 ., . oo
JJ6=J&-1 ’ '
DX&= (XX~ Xé(IIé))/(Xb(IPb)—Xé(IIé))
DZ&=(ZZ~ —Z5(JJB)) /(Z6(IPS) -26(JI8E))
YA6=Y6(116,JJ6) +DX6X (Y& (IF6,3J6) ~Y&(116,006))
YR6=Y&6 (116 ,dP4) +DX&#* (Y& (IP6, JP&)—Y&(II& JF&))
MB”—YA&+DZ&*(YE& -YA&)
C¥*®% DETERMINE FINAL FLAW SIZE FOR PDINT 2-0OM SUBSURFACE FLAW -
AIZ(1)=A' ‘
DO 266 I=1,NTRAN T
Di= SMR(I)*MM”*l 77245/ (Q#x#0, s> 1
D2=SER (1) *MB2%*1.77245/ (Q#*0. J)
'D=D1+D2
EIF(D LT.0.0) D=0.0
=(2.-XN) /2
: AF”(I)—(AI“(I)**F+F*C*(D)**XN*XNCYCLE(I))**(1/F)
AT 2566 AIZ2(I+1)=AF2(I1) .
L CIF(AF2 (NTRAN) LLT. (1. 01*91)) 80 TO 271"
‘ A1=AF2 (NTRAN) ~
G0 TO 217 ' .
. C*x%* DETERMINE STRESS INTENSITY FACTOR, KI
271 KI SMEMM*1.77245% (AF (NTRAN) /@) ##0.5 + SE*MBx1,77245% (AF (NTRAN) /0) *
1*0 S o . ’
IF(KI.LT.0.0) KI=0, noni
IF(NTYFE.ER.1) GO TO 281 : ‘
KI2=SM*MM2%1. 77“4u*(ﬁFL(NTRAN)/O)**O + SE#ME2%1,77245% (AF2(NTRAM
1)/Q) #%0.,S '
CIF(KIZ.LT.0.0) KIZ=0.0001
CIF(KILGT.KIZ) GO TO 280
'FEY—»
KI=KI2
MM=MM2
ME=MB2
DO 279 I=1,NTRAN
 AI(IY=AIZ(D
279 AF (1)=AF2(I)
GO TO‘”81
280 KEY= : :
Cx#x® DETERMINE CFACI ARREST STRESS INTEMSITY-FACTOR. EIA .
281 IF(KIA.NE.0Q.) GO TO'235
KIA=1.233%(2.71828%% (0. 0145% (TEMF~RTNDT+160.))) + 26.78
IF(KIA.LT.200.) GO TO 233 .
. CKIA=200,
o .x%% DETERMINE RATIO OF KIA TO KI
. ”;‘zau RATIO=KIA/KI , ]
L - IF(WEI.NE.O.0) GO TO 04 -
IF (KEY—2) 284,287,289
286 FRINT 130
GO TO 289
287 FRINT 131
GO TO 289

G0 10 LSS




FRINT 133 :
FRINT 275, (I,SMR(I)
FRINT 290,Q,MM,ME
FRINT 305,KI T
PRINT 310,KIA - o | 32-1164054- g
FRINT 315,RATIO ‘ -
PRINT 320 . :
IF(RATIO.GE.3.16) GO TO 325 -
PRINT 330 " . : :
G0 TO 10
325 PRINT 340

10 CONTINUE - :

GO TO 35 . R

135 FRINT 3585 ‘ o
350 CONTINUE

5 FORMAT (I5)

1S5 FORMAT (20A4)

20 FORMAT(//,20A4//)

25 FORMAT (4X,11,S5F10.0,3X,12,2F10.0)

30 FORMAT (3F10.0,E10.0,3F10.0) ;

35 FORMAT (3F10.0) '

e

3y I=1 ,NTRAN)

SURFACE ")

45 FORMAT (1HO, ‘FLAW TYFE : -

55 FORMAT (1HO, ‘FLAW TYFE : SUBSURFACE’) ' 8

&0 FORMAT(IHO,fINITIAL‘FLAN DEFTH, (A) = ‘,F10.5,° IN °*//° INITIAL FLE
1AW LENGTH = ‘,F10.5,° IN "//° WALL THICKNESS = *LF10.S," IN ) v

80 FORMAT (1HO, 'ECCENTRICITY OF SURSURFACE FLAW = ‘,F10.5,° " IN ) 4

90 FORMAT (1HO, ‘KI CALCULATED AT PERIPHERY OF SURFACE FLAW WHERE EBETA B
1= ‘,F5.1,° DEG ") ) . ’ ’ ' .

95 FORMAT (1HO, ‘CRACK TIP TEMPERATURE = ‘yF&.1,° F "//' REFERENCE NIL

1DUCTILITY TEMPERATURE = *,F&6.1,;° F ")
105 FORMAT (1HO, "YIELD STRENGTH = *yF7.2,’-KSI . ") ) : '
110 FORMAT (1HO, ‘SCALING CONSTANT USED IN FARIS EQUATION = ‘,E10.3) ,;
120 FORMAT (1HO, ‘EXPONENT.USED IN FARIS 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

FOINT 1 LOCATION IS CRITICAL ")’

S 132 FORMAT (1HO, ‘FATIGUE CRACK GROWTH : POINT 2 LOCATION IS CRITICAL")
- 133 FORMAT (1HO,4X, ' TRANSIENT STRESS RANGES (KSI1) - NO. OF FL
& 1AW DEPTH (IN) */SX, "NO. _ MEMBRANE  EBENDING, CYCLES

2 INITIAL  FINAL//) ' ' ; .

575 FORMAT (1H ,6X,13,9%,F7.2,3X,F7.2,4X,F10.1,2X,F9.4,F9.4) _

590 FORMAT (1HO, ‘FLAW SHAPE PARAMETER @ = °,F7.3//° MEMERAME STRESS COR

IRECTION FACTOR MM = °,F7.3//' BENDING STRESS CORRECTION FACTOR ME |

1= ‘,F7.3) : : ‘

=05 FORMAT (1HO, 'STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = °,
1F7.2,° KSI ROOT INCH )

=10 FORMAT (1HO, ‘CRACK ARREST STRESS INTENSITY FACTOR, KIA = °,F7.2,° K
151 ROOT IMCH ") .

315 FORMAT (1HO, ‘RATIO, KIA/KIL = *WF7.2) : ,

320 FDRHRT(lHO,'QCCEPTANCE CRITERIA : KIA/KI MUST BE GREATER THAN 3.16
1) , :

=TO FORMAT (1HO, ‘THIS FLAW IS NOT ACCEFTARLE FER SECTION XI OF THE ASME
1 BOILER AND FRESSURE VESSEL CODE ‘/‘ (1977 EDITION THROUGH SUMMER
21978 ADDEMDA) ) : .-

=40 FORMAT (1HO, *THIS FLAW IS ACCEFTABLE FER SECTION XI OF THE ASME EBOI

- 1LER AND FRESSURE VESSEL CODE */° (1977 EDITON THROUGH SUMMER 1778

. ZADDENDA) , FROVIDED THE FRIMARY STRESS LIMITS OF */ . NE-IZ0O0O0 ARE SAT

‘ =ISFIED FOR THE FLAWED SECTION i) o

‘355"FDRMAT(iHO."PQRAMETER'DUTSIDE TARULATED VALUES,  EXECUTION- TERMINAT

. 1ED ') ;

L © STOF

o END . ’ 1
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BASED O THE T /M E -TEAPERATURE NISTOR, &S
THe _H.OFFOrC:CﬂJ. TIAT S WERe CHosma Fod
AR ALY SIS SaseD ) .qu.tm AR IAUM AXIAL
SRADIEOT S BETWE 510 THE Promed POMOTS .
THIS vl SIWE THE TI/MES oF M axsmuM
S.ml?ﬂﬁlz UmﬂPmﬂ.JoC .mvn.q‘.etm‘.m_/, .\QDH\UL_.MI

. Bu= I\h TS, 40D THUS THE THACSS -of MAX IM U LA
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MV.J N _STaT1TH

mu. 4!0.(» “I.
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4080 2z.0
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N EEO e . : 450 24l 2
| 4660 25, L

THE FOLLOWING PAGES SHoW THE PrROGRAM
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e WPUT DATA 3 NOT PERTINENT |

i
t

S =~ JUNCTURE N, 2 ' / Z ﬂ'
o Y STRESS CONCEMTAATION FACTORS =
&\ > . SR - /]-18-8
\ NS IDE 15 :
NP _ INSID 0uTs TDE
Uy Oy BENDING TENSION BCHOTNG TENSTON —
. 1,470 1,440 1,570 1,700
¢ INPUT STHESSES (IH K51 )
casg ITER LONGITUD] NAL CIRCUNMF ERENT JAL RADT AL LONGT TUUT NAL " CIRCURFERENT IAL
FAEE THENHAL FREE  THERM AL
: 1NSIDE__QUISIDE _INSIDE _ OUTSIDE JUSIDE  OUTSIDE _INWSIDE  OUTSIDE INSIDE  OUISIDE
! 0 -19,¢ 19,4 5,2 844 0,0 0,0, 0.0 0,0 0,0 n,0 BouT- UP
T 1 -10,5. 20,9 8,6 17,7 -2,5 0,0 0,0 0,0 n,0 0,0 oLV~ Uf” ¢ PHESSUKIS
) 2 =131 31,5 11,4 21,4 =31 0,0 - 0,0 _ UL, u,0 n,o BoLT- UP ¢ HWyD2o PRESSUL
4 825, -:9,5 3y.8 -1,4 13,1 -2,2 0.0 -32.,6 17,4 -42.,% 17,4 .
__Z__??O__-.?O.S M8 =2,3 12,6 =2,2 0.,0___=34,6_~ 1946__ =366 19,6 T
T D950 -1,y 35,6 -3,0 12,7 -2, 0.0 -33,3 19,2 -33.3 19,2 \ - v
~_q 103)__=22,2 Jé,6__ "~ -3,2 A3 =227 T 0,0 =25, 1641 =251 16,4 Meri-LP ifa:;
b 11’0 ‘2?.6 3509 ~°,6 1506 ‘202 Ol‘) '29 .7 15,0 '?U .7 lJ.O ‘L : é
9 . 1400 -22,0 36,3 -1,1 14,9 -2,2 0.0 L) 6,1 -3,4 A, _
v LRSS N 27,7 6,4 16,8 -2.2 0,0 <0 .4 ) U, 4 0,3 STE™OY STATE .
| 1179 =11.5 11,2 2,3 u,8 0,0 0,9 29,0 -15,8 20,0 -15,8 v i B £
'z 3 <01 10,1 3,0 b.7 9,0 L 0,0 24,0 -14,7 24,8 -14,7 , b
13___<cAd =21 9.1 3,2 8,6 0,9 0,9 23,4 =13, 23,3 ~13,8 COONTOWN LS
] 4200, -9.,0 9.0 3.3 b, 0,0 0,0 20 .4 12,3 2n .4 “12,3 : Ny
1 4329 -84 8,6 3,1 7,8 0,0 0,0 15,46 -9, 15,6 -9,8 . k
W 520 -4,9 8,9 2.3 7.3 0,0 0,0 11,2 -7.,0 11.2 -7,0
4860 =94 9.4 1,8 7,0 0,0 0,0 8,6 =54 4,6 -5, 4 s .

In-hslow9ii-2




‘ q-..‘>'V.“.\.-_;\ 3 = G\;oo&éomvx

PREPARED BY U\S L, ’EQA,QS.

Babcock&WiIch  32-1164054-01 PDS-21036.1 (7-81)
Nuclear Power Genera;_tion Division GEN ERAL CALCU LAT'ONS
DefivvTion ’oF:l C).SEL$ ON piiEU\OUS PASE

1 : 60\,\ Up AT (Ceom T\ EMPERATURE (?T)

T . Bour P + PRessure = 2500 pst ©® R

3 " Poax Up + PResSURE = 31725 \7:\ @ @\

4-—><) Hear LP

o  Sverpy STATE

W] CoorDown

I RESS DeTeERMUIBATION

A3 \-\‘E&T UP /C,ooubowc\x

MAKIMUM = STRESS TENDING To OPEN THE INDICATIONS
“> oM OD HALE

OF VESSEL SECTON ANND OCCOURS
AV EL_T:VP\TED

TEMPERATURES, ROWEVER
BEING  BVALUATED ARE

) INDIWCATIONS
WHERE COOL-DOWN

o TD. nacy (atA)
s‘r\z'asses ARE  MAXVMUM .

T S rnemaL T Seasvp — Coogvr _P"iﬂ‘}
(Bor UrP @TE‘—HP> +P=2500 PD=2505
NS + 288 x [—105- (-19.4)] 2185 /2505

= 1.9 + 2860+ 1.8

= /2—5\ Y~>.\,

—
—

G‘Q-)ods“h = WS - 15.3+(.6

"

7.3 AK-S.L

. DATE L*—;)__%-BQ DOC. NO. |
REVIEWED BY /?? &) -CM

% DATE ///Z//% PAGE NO. &8




— @ —
Babcock&Wilaf":%x - 32-1164 0"*‘“ 01 PDS.21036-1 (9-81)
e eotion Divisi GENERAL CALCULATIONS z

Nuclear Power Generation Division

B) Taseprvies L=k

G—D';:ns\éz = Seour vp T <¢3°‘-" v ~ Taux 0?) P‘-EA“‘

+P=TSca (P_DLZS

= 9.4 [-10.5-(w4a)] ?.350/2500

i A ,1

I

' —W\.0 ¥
00 oteils = oA 4 (u;-‘a— 19.4) zasb/ 2500

= 2.5 !Kéb

COMPRESSIVE  THERMAL  STRESSES ' 1GNeRED

I

g
PREPARED BY \IJL— Q&u _ DATE 4 23-86 |ooc. wo.

%%&’J A . DATE ///31/76 PAGE NO. A 3%

REVIEWED BY




BWNP 20697 (€-85)

L) -
Y Babcock & Wilcox DOCUMENT SUMMARY SHEET

3 McDermott company

nC/ 2
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(SUBSEQUENTLYY <UBMITTED To THE NRL) AS - INFORMATION
SUPPORTING TheE FLAW EVALUATIONS, :

TN UEY oF NEGATING THE PREVIOUS ORIGIDAL. CALCULATIONS,
WHACK ST PROVIDE AN INDICATION oF ThHeE AVAIWLARLE
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ECCENTRICATY, -75" WRONG y THE RESULTS ARE CONSERVATIVE) 1S
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D New LEFM  CALCULATIONS FOR. CoMBINED mDIcATIONS 3/4—4%
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PURPOSE AND SUMMARY OF RESULTS: |

1

The purpose of Lthis calculation is to evaldate the three worst
indications a=z reported in ‘Evaluaiion  Keport #86-019 (Mos. 4.8
and 18/19 combined). Because cf the concerns raised by the NRC
with regards to confidence in the as—measured dimensions it was
decided to increment each 'flaw addressed by ten percent (10 yA

until it failed ta meet acceptability. Hav1ng, started this far
f1law 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 +h15 cize. In each case th=a original flaw size,
when doubled, using ASME ¢ Sectlon X1, Appendix A, methodolaqy,
catisfied the reqguirements of | IWE-3612. The end result was that
each sub—surface Fflaw could be enlarged until it almost became a
curface flaw and meszt auceptab;llty reguirements. ’

7

The calculations contained within represent .a variety_ of flaw
sizes and cycies for =ach indication of concern as well as a very
conservative evaluation of indication number 18/19 when it gets
reclassified from & sub—surface tn a surface indication. fs can
be seen from the various outputs considerable safety margin exist
when compared to original flaw size and/ar number of cvcles to

wese failure.

n
hi]

o ro obtained fom an IBM FC version of the BYW
ful]» cert amputer progdram FLLEF (NFD-T#-S,/pril 17983)
Calculaticn IP—1126593-00. is the source calculation for the
=streeses used in this aevaluakbiaon.
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ER 86-019 Indication No. 18/19 Combined

1

FLAW TYIFE : SUBSURFACE

IMITIAL FLAW DEFTH, (9) = 1.15000. IN

INITIAL FLAW LEMGIH = 4., 40000 [N

WALL THILKNESS = 12.00000 IN ' :
ECCENTRICITY OF bUHbURk \CE FLAW = . THOOO N | |
' : ; |
CRACK TIF 1EMPENA\URE = 275.0 F " : , :
. . o i

REFERENCE NIL DULTLLIlY TEMFERAGIURE = 2.0 F}

YIELD STRENblH‘f =0, Du KS1

SCALLING 1UNSIHNT USED IN FARTS EGUATIOM

i

0. 207E-10

— -

EXFDNENT USED IN FARIS EQUATIUON = I.726

MEMERANE SIRESS =  13.65 KSI
BENDING STRESS .=  11.35 KSI.
‘GUE CRACK GROWTH 3 - FOINT 1 LOCATION IS CRITICAL:

TRANSIENT " STRESS RANGES (K31) NO. OF FLAK DEPTH (IN)

Ma. L MEMBRAMNE SEMDIMG CYCLES INITIAL FINAL
1 135.65 C11.35 240.0 1.1500 - 1.1516
2 7.8635 13.65 100.0 1.1514 1.131<
- - ’

CELOW SHAFE FARAMETER @ = 1.449

i
—
0

<I1El“h_‘l~{-‘Nr STRESS CORRECTION FARCTOR M
BENDIMG STKRESS CORRECTION FACTOR MR = 0. 3353
CSTRESS INTENSITY FACTOR USING FINAL FLAW 517e, K1 = 28,15 ESI KOOV OINCH

"CRACE ARREST STRESS INTENSITY FACTDRR, KIA = Z00.00 KSI ROODT INCH

RATIO, KIA/KD = .10

CCERTANCE CRITERIA @ EIAJKL MUST BE BREATER WHHH .15

MHIS FLAW I3 ACCEFTARLE FER SECTIONM XI OF THE ASME BOILER AMD FRESSURE VESSEL Cuuk
(1977 EDITON rHEQUGH SUMMER 1978 ADDEMDAY FROVIDED THE FRIMERY STRESS LIMITS GF

‘51"3(}(_) GRE SATISFIED FOR THE FLAWED SECTION

sk AT wha/es
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El 86-019 Indication No. 18/1% Combined (100 % Increase in Size)

FLAW TYFE : BUBSURFACE ' | :
'INirIéL FLAw DEFTH, (A{ - 2. BZO000 IN ) |
IMITIAL FLAW LENGTH = 8.800@0 IN

WALL YHICKNESS = 12.00000 IN; v

ECCENTRICITY OF.BUBéUﬁFHCE FLAW =  .35000 I

CRACK TIF TEMFERATURE = 275.0 F

20.0 F

'REFEREMCE NIL DUCfILITY TEMPESATURE

YIELD STRENGTH =  50.00 KSI | )
SCALING CONSTANT USED IN PARIS EQUATION = 0.287E-10
EXPONENT USED IN FARIS EQUATION =  3.726

|

- MEMERANE STRESS =  13.65 KSIL

. BENDING STRESS =, 11.35 KSl.

'f‘eusiqmcx{ GROWTH : POINT 1 LOCATIONM IS CRITICAL

’

i

4 3 " ) .

H TRANSIENT =~ STRESS RANGES (KSI) MO. OF FLAW DEFTH (1N)
: NQ. = MEMERANE  BEMDING CYCLES INITIAL  FINAL
5 ! - 4
; 1 ' 13.65 11,325 2480.0 . 2.3I000  2.3097
: 2 7.45 13.65 S100.0 2.3097 2.3117

“ﬂ FLAW SHAFE FQRQMETER & o= 1.449

it

MEMERANE STRESS CORRECTION F?CTDR MM L P
BENDING STRESSchRRECTlDN-FGCTDR MEB = 0.434

‘f STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 45,68 KST ROOT INCH

CRACH ARREST\STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH
RATIO, KIA/KI = 4,323

ACCEFRTANCE CRITERIA @ KIAZEIL MUST BE GREATER THAM 3.16

© (1977 EDITON THROUGH SUMMER 1978 ADDENDA), FROVIDED THE FRIMARY STRESS LIMITS OF
..'3000 ARE SATISFIED FOR THE FLAWED SECTION

|
|
THIS FLAW IS ACCEFTAELE FER SECTION XI OF THE ASME BOILER AND FRESSURE VESSEL CODE

1

\
bl AR Alwlse 2




3

rface Indication)

. FLAW [YFE : SUBSURFACE o

" INITIAL FLAW DEFTH, () = T.3IT00 IM

CINITIAL FLAW LENGTH =  12.76000 IN

WALL THICKNESS =  12.00000 INM J
. ECCENTRICITY OF SUESURFACE FLAW =  1.35000 IN

' CRACK TIP TEMFERATURE = 275.0 F
" REFERENCE NIL DUCTILITY TEMFERATURE =  20.0 F
YIELD STRENGTH =  S0.00 KSI -

0. 267E-10

:.- SCALING COMSTANT WUSED IM FARIS EGUATION
EkF‘léJNENT USED IN FARIS ERUATION = 3.728

i NéNEF\‘ANE STRESS = 13.65 KSI o o ' o
. BENDING STRESS = 11.. 35 KSI

..GUE CRACK GROWTH : POINT 1 LOCAT’IDFI IS CRITICAL

" TRANSIENT STRESS RANGES (ESI) NO. OF FLAW DEFTH (IN) |
NO. MEMEBRAME EEND ING CYCLES INITIAL FINAL
1 13.65 11.35 240.0 C3.3E50 Z.3744
2 7.563 - 19.63 100.0 3.3744 3.3829

’

. FLAW SHAF‘é FARAMETER Q = 1.A49

1.3%54%5

MEMERANE STRESS CORRECTION FACTOR MM
BENDING STRESS CORRECTION FACTOR ME =  0.550

 STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI =  &&.64 ESI ROOT INCH
 CRACK ARREST STRESS INTENSITY FACTOR. KIA = 200.00 KSI ROOT INCH

: 5

CRATIO, KIA/KL =  3.00

| ACCEFTANCE CRITERIA : KIA/KI MUST EE GREATER THAN .16 .

THIS FLAW IS NOT ACCEFTABLE FER SECTION XI OF THE ASME EBDILER AND FRESSURE YE5E
(1977 EDITION THROUGH SUMMER 1978 ADDEMNDA) '

Al A7t 2

i

L
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ER B6-01% Indication No. 18/19 (958% of Maximum Subsurface)

FLAW TYFE : SURSURFACE i
INITIAL FLAW DEFTH, (A) = T. 19000 IN ) |
INITIAL FLAW LENGTH = 12. 20500 IN
WALL THICKNESS =  12.00000 IN f
K ECCENTRICITY OF SUBSURFACE FLAW = 1. 35000 m’

 CRACK TIF TEMFERATURE = 275.0 F i

*° REFERENCE: NIL DUCTILITY TEMPERATURE = '20.0 F -

" YIELD STRENGTH =  50.00 KSI - i

i

n

SCALING CONSTANMT USED IN FARIS E@.UATION 0.257E-10

EXFONENT USED IN FARIS EQUATION = 3.726
MEMBRAMNE STRESS = F.65 KSI
EENDIMG STRESS = 11.35 KSI

'_}:‘IGUEACF\'ACK GROWTH POINT 1 LOCATION IS CRITICAL

TRANSIENT ' STRESS RANGES (KST) NO. OF FLAW DEFTH (IN)
NG. MEMERANE ~ BEMDING | CYCLES INITIAL  FINAL
Qﬁ
1 13.65 11.35 240.0 F.1900 E.2222
2 7 .45 18.65 100.0 3.2222 3.2291

I FLAW SHAFE FARAMETER @ =  1.449

MEMERANE STRESS CORRECTION FACTOR MM 1.304
" BENDING STRESS CORRECTIOM FACTOR ME = 0.3931 |
STRESS IMTENSITY FACTOR USING FIMAL FLAW SIZE, EI = &67.12 KST RDOOT . INCH

1 CRACK ARREST STRESS INTENSITY FACTOR., KIA = 200,00 KSI KROOT INCH

{ RATIO, KIA/KI = 3.17
ACCEETANCE CRITERIA : KIA/KI MUST BE GREATER THAN 3.16
THIS FLAW 18 ACCESTABLE FER SECTION XI OF THE ASME EOILER ANMD PRESSURE VESSEL CODE
LIMITS OF

(1977 EDITON THROUGH SLMMER 1978 ADDENDA) , FROVIDED THE FRIMARY STRESS
1-‘:3-::)0'::) ARE SATISFIED FOR THE FLAWED SECTION

L phelee . A7 Kibudth

e
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{ER 84-019 [ndication No. 18/19 Combined (Treated as a Surface Indication)

L ELAaw TYFPE : SURFACE

1

5

4 INITIAL FLAW DEFTH, (A) = = IN
:

{ INITIAL FLAVW LENGTH =

3

¥ wALL 1H;CENESS = IN d
K1 CALCULATED AT FERIFHERY UF SURFACE FLAW WHERE EETA = 0.0 DEG
CRACK, TIF TEMFERATURE = 275.0 F
REFEREN#E NIL DUCTILITY TEMFERATURE =
YIELD szENGTH =  50.00 KSI
SCALING CONSTANT USED IN FARIS EDUATION = 0.379E-09
EXPONENT USED IN FARIS EQUATION =  3.726
MEMERANE STRESS =  13.65 KSI
EENDING STRESS =, 11.35 KSI
UE CRACK GROWTH

TRAMSIENT . STRESS RAMGES (KSI) NO. OF FLAW DEPTH (IMN)
NO. MEMBRANE BENDING CYCLES INITIAL FINAL

13,6 11.35 240.0 &. 0000 &.2243
.5 18.65 100.0 62245 H. 2591

FLAN SHAFE FARAMETER € = 2.411

MEMB;'-‘.(-\NE STF\'ESS CDF\‘RE}_‘,TIDN FACTOR MMl = 1.100

BEMDING STRESS CDF:I;-:ECTIDN FACTOR ME('=

STRESS INTENSITY FACTOR USIMG FINAL FLAW SIZE, KI = 52.54 KS1 ROOT IMNCH
CRACK ARRES! STRESS INTENSITY FAETDF\'; EIA = 200,00 }:;ZSI‘ ROOT IMCH

\

RATIO, KIA/KD = .81

ACCEFTANCE CRITERIA : EIA/KI MUST BE GREATER THANM -'5-.16-;

THIS FLAW I5 ACCEFTAERLE FER SECTION XI OF THE ASHME BOILER AND FRESSURE VESSEL COoE
(1977 EDITON THROUGH SUMMER 1978 ADDEMDA), FRUOVIDED THE FRIMARY STRESS LIMITS OF
bf;‘i(:h’)@ ARE SATISFIED FOR THE FLAWED SECTION g

s 47£3/g( ,;%2721) ﬁV/&ﬂ?7Q?5' ;



2 ER 86-019 Indication MNo. 18/19 Combined (Tre=ated as a Sﬁrface Indication?

FLAW (YFE : SURFACE

INITIAL FLAW DEFTH, (Ai = 5.00000 IN t

IMITIAL FLAW LENGTH =  12.00000 IN '

WALL THICKNESS - 12.00000 IN g ,

KI CALCULATED Af FERIFHERY OF SURFACE FLAW NHERE EETA = 0.0 DEG
CRACK TIP TEMPEﬁATUhE = 275.0 F

REFERENCE NIL ﬁQCTILITQ TEMPERA TURE = 20.0 é

YIELD STRENGTHi= so,bo KST -

SCALING CONSTA@T USED /IN PARIS EQUATION = 0.379E-09

EXFONENT USEDEEN FARIS EQUATION = 3728 |

MEMERANE STREéé = 13.65 KSI

EBENDING STRES§:= 11.35 kSI

‘ GUE CRACK' QRDNT H oz -

TRANSIENT'.  STRESS RANGES (KSI) " ND. OF FLAW DEPTH (IN)
NO . 3 MEMERAME~ BENDING CYCLES  INITIAL  FINAL
1 | 3. 65 11.35 1200.0 6£.0000  8.3046
2 7.65 18. 55 100.0 Q.3045  8.3644

" FLAW SHAFE PARAMETER @ = 2,811 ' ' '
MEMERANE STR @5 CORFECTION FACTOR MM =  1.116

SEMDING STRESS CORRECTION FACTOR ME =  0.298

STRESS IMTEMSITY FACTOR USING FINAL FLAW S1ZE. K[ =  61.47 K31 ROQT INCH
'CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 K31 RDOT INCH

m‘RATId, K1aZKT = 3. 25

ACCEFTANCE CRITERIA : EIA/EIL MUST BE GREATER THAN 3I.l6&

'THIS FLAW IS ACCEFTARLE FER SECTIOM XI OF THE ASME BOILER AND FRESSURE VESS
(1977 EDITONM THROUGH SUMMER 1978 ADDENDA), FROVIDED [HE FRIMaRY STRESS LIl
.-’E-EHD'.Z) ARE SATISFIED FOR THE FLAWED SL"‘TIUH

=
S

4123/ s;ﬁfELAJ. /%/ébw%/€9tf

L CORt
S OF




Q=325 —.985
= 1.315 .
4= VL6

/i = 6b5 >.5 (corerr

—— emmmn,  Gm—
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 YIELD STRENGTH =  50.00 KSI .

- SCALING CONSTANT USED IN FARIS EQUATION

’

-t

3

i

1

.

3

ER 84-01% Indication No. 18/19 Comhined (Excess CvcleérEvaluated)

. “e

FLAW TYFE : SUBSURFACE

INITIAL FLAW DEPTH. (A) = 1.15000 In )
INITIAL FLAW LENGTH = 4.40000 IN
WALL THIQHNEsa = 12.00000 IN -

. ECCENTRICITY OF SUB%URFACE FLAW = (1.35000 IN

CRACK TIP TEMFERATURE = 275.0 F

REFERENCE NIL DUCTILITY TEMFERATURE = 20.0 F

0.267E-10
EXPOMNENT USED IN FPARIS EQUATIGN = 3.72&

MEMBRANE STRESS = 13.65 KSI

1* BENDING STRESS = 11.35 KS8I

.IGUE' CRACEK GROWTH : FOINT 1 LOCATION IS CRITICAL

T TRANSIENT STRESS RANGES (HSI)A NO. OF FLAW DEFTH (IN)
NO. . MEMBERANE BEMDING CYCLES INITIAL FINAL
1 13,465 11.35 - SD000.0 12150& 1.8211
h 2 7.65 18.65 S 100.0 1.8211 - 1.8220
; FLAW SHAFE PARAMETER @ = 1.449

t MEMERANE STRESS CORRECTIONM FACTOR MM = 1.078 K p i

! BENDING STRESS CORRECTION FACTDR'NB = 0.337

" CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 ESI ROOT INCH
RATIO, KIA/KI = 5.26

ACCEFTANCE CRITERIA : KIA/EI MUST BE GREATER THAN 3.14

THIS FLAW IS5 ACCEFTABLE FER SECTION XI OF THE ASHME HOTLER AMD FRESSUR
(1577 EDITONM THROUGH SUMMER 1973 ADDENMDA) , FROVIDED THE FRIMARY STRES

=
c
]

: ‘"3000 ARE SATISFIED FOR THE FLAWED SECTIOM

T P

D e A el

- STRESS INTENSITY FACTOR USIMG FINAL FLAW SIZE, KI = F8.01 KSI RUOT INCH

VESSEL CoDt
LIMITS OF







ER B&6-019 Indication Mo. 4

FLAW TYPE : SUBRSURFACE
INITIAL FLAW DEFTH, (&) = 1.05000 IN i )
INITIAL FLAW LENGTH = S. 40000 IN

walll., THICKEMESS = 12.00000 IN
o ECCENTRICITY OF SUBSQRFACE FLAW = 2.20000 IN

 CRACK TIP TEMFERATURE = 275.0 F

" REFERENCE MIL DUCTILITY TEMFERATURE =  20.0 F :
. YIELD STRENGTH =  50.00 KSI T o

0. 2687E-10

ffSCALING CONSTANT USED IN FARIS EOQUATION
wEEXPDNENT USED IN FARIS EQUATION =  3.724
-?fMEMBRANE STRESS =  13.635 KSI

a:;EENDING'STRESS = 11.35 KSI

.GUE CRACK GROWTH : FOINT 1 LOCATIOM 1S CRITICAL

TRAMSITENT STRESS RANGES (KSI) ‘NMO. OF FLAW DEFTH (IM) I |

NO. MEMBRAME BENDING CYCLES IMNITIAL FIMAL ;' |
? i
i 3.85 11.35 240.0 1.0500 1. 05257 '
2 7 .55 13.485 10G,0 1.03525 1.05=1

L FLAW SHAFE FARAMETER @ =  1.255

il

MEMERANE STRESS CORRECTIOM FACTOR MM 1.631 :
EENDING STRESS CORRECTION FACTOR ME = 0.475
STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = 31,40 EST ROOYT INCH

CRACK ARREST STRESS INTENSITY FACTOR, RIa = 200,00 KSI RDOT INCH

4

RATIO, KIA/KEIL = & E

L

3
-

ACCEFTANCE CRITERIA : KIA/EI MUST BE GREATER THAM .14

=

THIS FLAWM IS ACCEFTARLE FER SECTICN XI OF THE ASME BOILER AMO FRESSURE VESSEL CO0E
(1977 EDITOMN THROUGH SUMMER 1978 ADDENDA), FROVIDED THE FRIMERY STRESS LIMITS OF
'I:'-OC."ZZ) ARE SATISFIED FOR THE FLAWED SECTION .

b ol A Lt




" FLAW SHAFE FﬁRHMEFER @ = 1.255

32-1164054-0p -

ER 86—-019 Indication Na. 4 (iOQ 7% Increase in Size)

FLAW TYFE : SUBSURFACE ”

IMITIAL FLAM DEPTQ, Ay = 2.10000 IN S ‘;
IMITIAL FLAW LENSTH =  10.S0000 IM

. WALL THICKNESS = z.ooood IN .5 - ;
ECCENTRICITY OF SURBURFACE FLAW = ;L.huuou M |

- CRACK TIF TEMF’EF\“ATURE‘= 275.0 F ,
REFERENCE MNIL DUCTILITY TEMFERATURE == 20.0 F .'.3

YIELD STRENSTH =  50.00 KSI ﬁ - . -

~ SCALING CONSTANT USED IN F‘ARIS E-'OUATIDN 0.257E-10

' EXFONENT USED IN FARIS EQUATION = ;o.726 |
. MEMBRANE STRESS =  13.65 KSI
_BENDING STRESS =  11.35 KSI

3

":',_’_IGUE CRACK GROWTH : FOINT 1 LOCATION 1S CRITICAL

i

TRAMSIENT STRESS RANGES (KSI) - NO. OF FLAW DEFTH (IN)
NQa. MEMBRANE RENDING CYCLES INITIARL FINAL
. ~ - :
1 13%.65 11.35 240.60 2. 1000 2.1145
2 7.65 - 18.465 1006.0 2.1145 2.1132

. + s
.

;T MEMERANE STF\E‘-\"B‘ PDFF[:CTIDN FACTOR MM = 1.141

HENDING STRESS CORRECTION FACTOR MB =  0.572

. STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, KI = S0.82 KSI ROOT INCH
' CRACK ARREST STRESS INTENSITY FACTOR, KIA = 200.00 KSI ROOT INCH

RisTIO, E1a/kT = T.94

ACCEFTONCE CRITERLA : KIA/KI MUST BE GREATER THAN 3.16
THIS FLAW 18 ACCEFTABLE PER SECTION XI OF THE ASME BOILER AND FRESSURE VESSEL CODE

(1977 EDITOM THROUGH SUMMER 1978 ADDENDA), FROVIDED THE FRIMARY STRESS LIMITS OF
"':(—-7'_7-(30(:) AGRE SATISFIED FOR THE FLAMED SECTION

(ol 4%3/«4{5 _AF) A/l 6 - o .




32-1164054-9¢

E

ER 846-019% Indicat;‘.c-n Noa. 4 (Maximum Subsurface Indication)

FLAW TYFE } SUBSURFACE
INLTIAL FLAW DEFTH, @ - - 2.73000 IN
INITIAL FLAW LENGTH =  14.04000 IN
v WAL 1HIL}NESS = 2 IN
ECCENTRICITY OF SUBSURFACE FLAW = 2.20000 IN
CRACK TIP }EHFERATURE = 275.0 F
REFERENCE QIL DUCTILITY TEMFERATURE =  20.0 F
YTELD STREJGTH =  50.00 KSI -
SCAL ING ¢ONSTANT USED IM PARIS EQUATIOM
EXFOMENT' JSED IN FARIS EQUATION =  3.726
MEMBRANE STRESS =  13.45 KSI
EENDING STRESS =  11.3S KSI
o , .
GUE CRACK GROWTH :  FOINT 1 LDCATIUN iS.CRITICAL
.TﬁANSIEﬂT , STRESS RANGES (KSI) ‘NO. OF FLAW DEPTH (IN)
NaD. | MEMERAME ~ BEMDING . CYCLES INITIAL  FINAL
1 24(:7 e
o 100.0
LA SHAFE FAREFETER O =  1.255
MEMERANE STRESS CORRECTION FACTOR MM =  1.273
BENDING S1RESS UGORRECTION FACTOR ME =
STRESS IMTENSITY FACTOR USING FINAL FLAW SIZE, KI &8%.11 KSI ROOT INCH
ERACK ARREST, STRESS INTENSITY FACTUR, KIn = 200.00 KSI ROOT INCH
RATIO. KIA/Ki.=. .07
ACCEFTAN&E.CRITERIA . KIA/K1 MUST BE GREATER THAN Z.14

THIS FLAW I5 NOT ACCEFTARLE FER SECTION X1 OF THE ASME BOILER AND FRESIURE
(1977 ERITION THROUGH SUMMER 1973 ~DDEMDA)

ol A H/ealos

VESSE

[




. 3

ER 86-019 Indication No. 4

FLAW TYPE : SUBSURFQCE
INITIAL FLAN DEPTH, (A) = E 2.65000 IN
INITIAL FLAW LEMNMGTH = 1F.627900 IM

WALL THICKNESS = 12.0000Q00 IN

.ECCENTRICITY arF SURSURFACE FLAW = 2.20000 IN

CRACK TIF TEMFERATURE = 275.0 F

" REFERENCE MIL DUCTILITY TEMFERATURE 20.0 F

. YIELD STRENGTH = S0.00 KSI

% SCALING CONSTAMT USED IM FARIS EQUATION 0.2675—#9

3
v

.
e
1
kY

: EXFONENT USED INM FARIS EQUATION = 3.72

MEMBRANE STRESS =

BENDING STRESS = 11.35 KSI

‘IGUE CRACK GROWTH : FOINT 1 LOCATION IS CF\'ITIEéL

sk (Lt b T afeos PRI AL O LER A

RO | - | 221164054~ 00

TRANSIENT ' STRESS RANGES (KSI) MO. OF FLAW DEFTH (IN)

NO. MEMERANE  EENDING CYCLES ~~ INITIAL

‘ :
1 11.3% 240.0 2.6500
2 / 18.65 - 100.0 2.4817

’

© FLAW SHAFE PARAMETER £ = 1.255

MEMERANE STRESS CORRECTION FACTOR Mi

: BENDING STRESS CORRECTION FACTOR MB = Q.63

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE. K1 = HEU02

FINAL

2.46819
2.46704

51 ROOT INC

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

. RATIO, KIA/KI = .17

ACCEFTANCE CRITERIA : KIA/KI HUST BE GREATER THAMN 3.1&

L THIS FLAW IS ACCEFTAELE FER SECTION' XTI OF THE ASHME BOILER AMD FRESSURE
(1977 EDITON THROUGH SUMMER 1978 ADDENDAR) , FROVIDED THE FRIMARY STRESS
"‘—.’;’-OOO ARE SATISFIED FOR THE FLAWED SECTION

oyt A 20 aresl5€
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32-1164054-00

ER 86—-019 Indicat?on Mo

¢ FLAW TYFE : SUBSUF}‘FF&CE :

IN-ITIQL FLF\W DEFTH, (A = 1. 18500 IN )
INITIAL FLAW LENGTH = 2.25000 IN

WALL THICKENESS = 2.00000 [N d
E(_'IE.‘ENTRICITY OF Sl.JBéURFACE FLAW = 2.27300 I

CRACK TIF IEMFERAIURE = 279.0 F H
REFERENGE NM1L' DUCTILITY TEMFERATURE =  20.9 F

YIELD SIREMGIH = S0 ..Ui.) ol

i

SCALING CNANSTAMT USED LM FARIS EQUATION Q.257E-10 . R

“ EXPONENT USED IN FARIS EQUATION = = I.72¢
21 MEMBRAME STRESS = 4,55 kST
L EENOING STRESS =  11.35 KSI

’-.i‘;.isua CRAGK GROWTH @ FOTNT 1 LOCATION IS CRITICAL a

TRANSIENT STRESS hF‘«\NGE"‘ (s D) NQ. L'r- : F-'LI.-\N DEFTH (IM)
NO. MeEMBRANE EBEENDING CYCLES " INITIAL FINAL

1 13,65 11.35 240.;’;) 1.1250 i.l';"\'j"f

2 7 .65 18.65 100,60 1.125% 1.1261

F-'LHN SHAPRPE FPARAMETER @ = 2.411

I
[y
o
[ ]

NF:MHF\HNE SIRESS CORRELTINM F—nL 1EIR MM

oy

STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, K1 = 2E.97 ESL RIOT IMCH

CRACK ARREST STRESS IMTENSITY '-'l‘iCTfJF:, wIinn = 200,00 ESI ROOT IMCH

\

- BENDING STRESS CO i'l"CCTILJN FHCIOH MB = 0. 470
|

RATIO, E1n/EL = .74

AUCERTANGE CRITERLIA @ KIAKT MUST BE GREATER THaEMN 3.1s

FHIS FLAW IS ACCERTARILE FER SECTION XTI OF THE ASPHE BOLLER GND PRESSUR t-_ VESSEL Cihs
(1977 ELTION THROUGH SUMMER 1973 ADDENDAY ¢ FROVIDED THE PRIMARY STRESS LIMING 0

“ ."--13C'H‘:)0 ARE SATISFIED FOR HE FLAWED SECT LON

Lt ATD werlss .




ER B6-019 lndication No. 8 (1460 % lncrease in Size)

’ ta [}
Fl_LAW TYFPE : SUBSUF{F{-\CE ) :

INIT1AL FLAW DEFTH, (A) = 2.23000 IN

INLITIAL FLAW LENGTH = 4.50000 [N
D WALL THICKNESS = 1Z.00000 1IN a
" : ECCENTRICITY OF SUBSURFACE FLAW = A._7qou LM

L CRACK TlﬁvTEMPERATURE = 275.0 F
'.EHEFERCNLE NIL UULFILIIY TEMPERATURE =. 120.0 F

CYIELD ss&ENblH %' 50.00 KSI

G.257E-10

. SCALING §i'LDF'lQ]HNT USED I[N PARILS EWUATION

K

EXPDNEN#‘USEU IN FARIS EQUATION =  F.726

e Aes at e o

ME MB’(ANE STRESS;'= 13.65 KSI

EBENDING;srRESS = 11.35 KSI

'TZ‘GUEIVI'CRI—\CH GROWTH : FOINT .1 LOCATION IS CRITICAL

’ . .

{ I'RANS1ENT . STRESS RANGES (KSI) NO. OF FLAW DEFTH (IN)

: NG. . MEMBRANE ~ BENDING CYCLES INITIAL  FINAL

: 1 13.65 . 11.35 20,0 2.ZH00 L.2555
2 , 7.85 18. 65 | 100.0 2.2555 2.2570

~

FLAW SHAFE FARAMETER & = 2.411

ME HL{HHHE STRESS CORRECTION FACIOR MM 1.174

T ENDING STRESS CORRECTIOM FACTOR MB = (’)..él)”

STRESS IMIENSITY FACTOR USING FIMAL FLAW SIZE, KI = TG.20 KBS ROOT INCH
;CF\‘{-"C}'{ '{-\RREST: STRESS IN‘TENS.ITY FACTOR, KIA = 200.00 KS1 RDOT IMNCH

CRATIO, KIA/KI = &, 10

ACCEFTANCE CRITERIA @ EIA/EI MUST BE GREATER THAMN 2.158
THIS FLAW [5 ACCEFTABLE FER SECTIONM XI OF THE ASME BOILER AND FRESSURE VESSEL COSE

(1977 EDITON THROUGH SUMMER 1978 ADDENDA) , FROVIDED THE FRIM&GRY STRESS LIMITS OF
‘ OO0 ARE GATISFIED FOR THE FLAWED qu“T IHII

i Hsfs IS fot 56 | .




R T A D e o)
R e A L )

3 [3

ER 8&-019 Ir\tjica\t:ior“ No.

' ’ N

FLaW TYFRE :-‘SUBSUEFACE

8 (Maximuwm Subsurface Indicati

INITIAL FLAM DEFTH, (A; - 270000 IN )

INIFIAL FLAW LENGTH = 5, 40000 TN

waLL 1HIC&NESS = 12.00000 IN v

ECCENTRICITY OF SUESURFACE FLAW = | 2.27500 IN )

CRACK  VIF TEMFERATURE = 2735.0 F
REFEREMNCE NIL DUCTILITY TEMFERA TURE = 20.0 F -

: —i

YIELD STRENBTH = Y. 00 ESI

I

SCALING COMNSTANMT USED IM FARILS EQUATION 0.257E-10

. EXPONENT USED IN FARIS EGUATION =  3./26

MEMERANE STRESS = 13.65 KSI

. BENDING STRESS =  11.35 KSI

[GUE CRACR GROWTH : PUINT 1 LOCATION IS CRITICAL ‘ 8
TRANSIENT STRESS RANGES (KSID) NO. OF FLAV DEPTH (IN)
MO MEMERAME  BEMDING CYCLES INITIAL  FINAL
1 13.85 °  11.35 LAO. O 2. 7000 2.7102
2 : 7.65 19. 65" C 100, 2.7102 2.7129
FILAW SHAFE PARAMETER © =  2.411 ’ -
MEMEBRANE STRESS CORRECTION FACTOR MM = 1.wsl ] ;

RENDIMS SIRESS CORRE(TIONM FACTOR MER = 0.630

TFE S IMTENSITY FACTOR USING FIMAL FLAW SIZE. KL = ©~ 45.24 ST ROOYT IMNCH

.CHF—\L‘K ARREST STRESS INFENSITY FhﬁC'IOF:, }fiIl—H =_. 200,00 KEEL RODY INCH

i

LORATIO, KIA/KT 4.33"
ACLEE [ANCE CRITERIA @ KIAKIT MUST EE SREATER THAM I.18

COTHIS ELAW [S ACCEFTARLE FER SECTIOM X[ OF THE ASHE 80ILER AND FRESSURE VESSEL CRoE
(1977 EDITON THROUEH SUMMER 1978 ADDEMDA) , FRUVIDED THE FRIMaRY STRESS LIMITS OF

"\“-Z.ECZ'OO ARE SATISFIED &0R THE FLAWHED SECTION

4/% /OV( j/ﬂa 4/ (56
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g 32-1164054-00

Babcock &Wilcox

a Mc¢Dermott company

Nuclear Power Generation Division

PDS.21036.1 {9.81)

R =
Q=
Qo = :
K«i/ K=

O

\‘

Q. =
L =
e =
GJX‘,:

Q, = q

GENERAL CALCULATIONS

' B [
Summ > oF Qesu‘:rs

TadicaTIoN ¥ 18/

15 REL 6.0 ¢.o 1S

44 ¢.80 1276 \1 .1’65 12.0 ‘.o A4

35 135 13§ - 135 o o 35
WISIS 2309 338190 724l Lasd) o3l 182"
155 4.l 3.0 3.8\ 3.25 s.26

F Nz 1800 Cverss
PN = Sot00 | eTe ES

TND\;{;T\DQ * 4

1335 319

3.4
\"‘ DOTIN'T  MEET - CRITELN

1.6S
C.Mo
7-20

Kaeficr =

||
33

TrdicATio) + B

\ALS

2.2 S

\ N2
8.3}

210 10> 2.6 $
PR \4.0F 13.¢3
e .20 .20
7.1182 LI 2640

3.8% ' 3.0% 3,177

DOENT MEET CUNN-|

| yrAY e E

l7L¢S‘° 5‘7‘0

.. r e T DY

2.257 2.1
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Babcock &Wilcox 32-1164054-01 P05.210361 (5-81)
Nuclear Po.wcer' (;e(nc:ra,tion Division GEN ERAL CALCU LATIONS
Tvem 2 -

AssumeTions
D SeRvVICE TNDUCED GREWTH S WWCE 198\

2) Lingre (Nok- CoDE ) GRoWTH  RATE
3) ORIGINAL-  MEASURED LENGTH  USED

Corverss  ConTRIBLTING TO STRES = o v IC.D
(S Yeras x 240 .C-Yc./éo\,g:,) ,

Nexr LNOPECTION = 1© Moa = 9 ovolsd
dﬂ-/AN = \-\-‘D/%o = 03B N/O«QLE'

ag = Qi * Ga. = 1S + 038333 (D) = VADS N

Xt = (12.69 )&\EOS'L + A\\.'{v'\;':x.4'—|'7) /\j’\i‘/]‘-]rz:‘ A/ 1495

= 3\54" '¥-$'um

Kea ke = 209/31.5% = 634> 316 ox!
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Tarnaa

a McDermott company

Babcock &Wilcox 32-1164054-01
Nuclear Power Generation Division GEN ERAL CALCULAT'ONS

Trem 2

!

e

TJUsTIFICATION Fore UN-ANAVZED TRAMNSIENTS

.A guestion 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
fanaly51s.. The specific concern was whether some large CjCllC
‘transients, although not necessarily of high stress, could be
-signif*cant to flaw evaluaztion.

It was noted by B&W that the flaw evzluations perforwed were
'in accordance with B&W's original stress report, which
~consicdered only the two transients (BU/CD and ISLHT) &s
51gn1f1cant in the flaw growth calculations. Review of the
orlglnal stress report showed that other transients induce

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

"To address the question raised, the functionzl specification

. was reviewed with respect to transients with:large numbers of
-cvcles. Four transients fall into this category: ‘1) Power
Lcading/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 Fehrenhelt respectively.

The effect of the most significant of these four tran51ents,
the Power Loading/Unloading transient, was evaluated. A
thermal stress (1.43E AAT) of 5.7 ksi vas assumed to vary

llnearly from the ID to the OD. This is a very conservative
1.assumpulon 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 R) flaw evaluation - ’
program., (This evaluation also includes a correttion ‘to the
eccentricity as a result of recalculating the edge
dtstance(s) ) e

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 1n51gn1f1cant effect on the flaw
evaluation.
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Babcock &Wilcox 32-1164054-01 0s.21036.1 (9-81)

a McDermott company

Nuclear Power Generation Division G EN ERAL CALCULAT'ONS

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., C]osufe F]ange'to Upper Nozzle
- Belt forging, is above the inlet and outlet nozzles and is remote from
the core's fluence, hence its chemical propefties 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 beed determined because of the
acceptability criteria (KIa /KI must be greater thanﬁf? vs. 410).
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32-1164054-00
PROGRAM FLEF '

DIMENSION x1(1d),z1<9),Y1(1u.9).x"<11>.2ﬂ(6>.vh(11 6) JXF(13) ,Z3(L)
%, YZ(13,8) ,X4(8) ,Z4(4),¥4(8,4) \XT(13),25(6),Y5(13,6) ,X6(8) ,Z6(4),Y6
*(8,4), SMh(”H).SBR(AD).XNPYCLE(ZO),TITLE(”U) AI(ED).AF(ZD). I2(20),
*AF2(20) . _

REAL MM,MB,KI,KIA,MM2,MB2,KI2 ' -

Cwx##% DATA INFUT FOR ‘MM FACTDR FOR SURFACE FLAW

DATA(X1(I) ,I=1,19)/. 00,.05,.10,.15,.20,.25,.30,.35,.40,.45,.50,.55

*,.60,.85,.70/

DATA(Z1(I),1=1,9)/.00,.05,.10,.15,.20,.25,.30,.35,.59/

DATA{ (Y1 (K, L),L 1 9),K 1,19)/ .
%1.112,1.105,1.100,1.100,1.100,1. 100,1.100,1.100,1.100,

*1. 1;8 1.121,1. 10:,1 100,1.100,1.100,1.100,1.100,1.100,
#1.188,1.149,1.121,1.110,1.100,1.100,1.100,1.100,1.100,
%1.259,1.192,1.151,1.130,1. 108 1.100,1.100,1.100,1.100,

*1.367,1.257, 1. 19q,1 158,1. 1~4,1 11~.1 104,1.100,1. 100, .

*1.514, 1.\4c.1. Q\,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, i

*1.956, 1.qa4 1. 406 1.294,1.221,1.179,1.143,1.100,1.100, S :
*9.000,1.73%,1.508,1.354,1.264,1.208,17162,1.100,1.100, g i
*¥9.000,1.930,1.631,1.428,1.318,1.244,1.186,1.100,1.100 ’ )
*¥9.000,9.000,1.775,1. u~-,1.¢81 1._83,1.~14 1.100,1. 100, - '
*9.000,9.000 1.934,1.646,1.452,1.328,1.242,1.100,1.100, o

*#9.000,9.000,9.000,1.800,1. q40,1-¢8u.1 274,1.104,1.104, o ‘ -

*9.000,2.000,9.000,1. 97q.1 4644,1.443,1.309,1.110,1.110,

*9.000,9.000,9.000,9. 000,1.765,1.514,1.359, 1.117,1.117/ .-
Cx*%x% DATA INPUT FOR MB FAFTDR FOR qURFACE FLAW WITH BETA 0. DEG

" DATA(X2(1) ,I=1,11)/. ow,.nq,.10,.1q..2o,.&d,.on,.oq,.4o,.4q,.q0/

i : DATA(Z2(1) ,I=1,86)/.0,.1,.2,.3,.4,.5/

: . DATAC(Y2(K,L), L=1 ,6) K=1,11)/

o _ *1.101,1.076,1.067;1.042,1.031,1.023,

: *1.059,1,024,0.995,0.979,0.965,0.950, B L
#1.037,0.977,0.927,0.912 O 897,0.879, ' '
*1 0\4,0 934,0.859,0.848, .828.,0.806, .

.045,0.895,0.810,0. 731, O 7398,0.734, . !

*1.072,0.862.0.758,0.718,0.693,0.662, ‘e
*1.117,0.836,0.709,0.658,0.620,0.590, ’
%¥1.178,0.820,0.46565,0.597,0.550,0.514,
*¥1.256,0. 81q,U &524,0.548,0. 48q,0 444,
#1.356,0.829,0.571, D 4381 ,0.412,0.371,
%1.478,0.88656,0.561, 420,0.:4;,U.~98/

Cxs*%» DATA INFPUT FDR MM FQCTDR FOR SUBSURFACE FLAN AT FOINT 1

DATA(X3(ID) ,I=1,13)/. 00,.0q,.1u,.1g,.gu,.~u,.¢0,._u..4u..4 50, .58
*,.60/7
DATA(Z3I(I) ,1=1,6)/. 1u,.25,.¢u,.4q,.55,.65/
DATA((Y;(h Ly, L=1 ,6) ,K=1,13)/
] .010,1.037, 1.080 1.139,1.234, 1-&56,_
*1 010 1.03%3,1.081,1.144, 1.247, 1. 380,
#1. 011 1.041,1. UBu,i 1q2,1.hb4 1.402,
*¥1.012 ,1.043, ﬁ91,15165,1.285,1.436,
*1 013,1.046,1.099,1. 179,1.308,1.446,
L014,1.050,1.111, 1. 1/-5 1.3346,1.524,
*1.015,1.054 i. 1:?,1.~16 1.3&£8,1.587,
#1.018, 1.0&2,1.135,1.243,1.407,9.000, o
*1. U22,1.O70,1.151,1.274,1.463,9.000,
: ¥*1.0328, 1.082,1.170,1.308,9.000,9.000,
. #1,033,1.095,1.190,1. T446,9.000,9.000,
*1.041,1.112 L212,1.3%0,9. 000 ,92.000,
#1. th,l 1?2,1.2?9 1.443,9.000,9. UUU/

Cexx% DATA INPUT FOR MB FACTOR FOR SUHSURFACE FLHN AT POINT 1
DATA(X4 (1) ,1=1,8)/. U..l,.~,.&,.4,.q,.6,.77
DATA(ZA(I) ,I1=1,4)/.1,.5,.9,.7/ l
DATA((Y4(H.L),L=1.4),L—1 S/ :




*p.lﬁ&,u.:ﬁ:.u-lbl 0. 474,

¢ %0.261,0.351,0.474,0.418,

*%0.365,0. 468.0.590, 05848,

1 #0.471,0.577,0.706,0.894,

5 #0.568,0.687,0.832,9.000,
‘ *0.671,0.816,0.984,9.000,

*0. 7éd,o 961,9.000,9.000/

C#*%% DATA INPUT FOR MM FACTOR FOR SUBSURFACE FLAW AT POINT

DATA(XS(I)51=1,13)/. oo,.ou,.10,.1q,.20,.éq..gu,.qu,.40,.4u,.un

,.6()/ b

DATA(ZJ(I),I=L,b)/.1q,;25,.&q,.4q,.55,.65/

DATA L (YS (K,L) ,L=1,6) ,K=1,13)/ .

*1.010,1.037,1.080,1.139,1.232,1.361,

%¥1.010,1.037,1.077,1.134,1.231,1.7361,

#1.011,1.038,1.077,1. 112,1._0-,1.46x,

%1:012,1.039,1.080,1.135,1.237,1.367,

*1.013,1.039,1.084, '1.141,1.244,1.373,

¥1.014,1.041,1.089,1.147,1.253,1.382,

*1. 01_;,1 ()42,1 094,1.157,1.264,1.393,

%1.016,1.047,1.104,1.172,1.277,9.000,

*1.016 1. J_,1 112,1 191,1. 293.9.000, :

1 018;1.061,1.125,1.212,9.000,9.000,
L02141.072,1.139,1.237,9.000,9.000,

*1 028,1.086,1.156,1.266,9.000,5. 000,

*1.037,1. 104,1 179,1.298,9.000,9.000/

Cxx#% DATA - INPUT FOR MB FACTOR FOR SUBSURFACE FLAW AT FOINT 2

DATA(X6(I) ,121,8)/.0,.1,.2,.3,.4,.5,.6,.7/

DATA(Z& (1) ,1=1,4)/.1,.5,.5,.7/

DATA((Y&(K,L),L=1,4),K=1,8)/

*—.050,-.159,-.258,-.382,

*0.045,-.054,-.158,~. 281,

 %0.152,0.055,-.050,-.171, LA

- *¥0. L\J\J,O 163,0.052,—-.065, =~ o

*0.358,0.268,0.159,0.058,

*0.458, o.\7>, .272,0.185,

*0.570,0.490,0.398,0.313,

*0.671,0.608,0.525,0.435/

READ S ,NFLAW

DO 10 K=1,NFLAW

 READ lu,(TITLE(I),I 1,20)

"PRINT 20, (TITLE(I),I ~1,20)

READ Au,NTYFE A, XLL,E,T,BETA,NTRAN,SM, SE

READ! 30, TEMF, SYIELD, RTNDT,C, XN, KI,KIA

READIQQ (SMRCT) SBF(I).XNCYCLE(I),I 1,NTRAM)

IF (NTYFE.EQ. ) 80 TO 40

PRINT 45

GO TO SO

FRINT S5

FRINT &0,A,XLL,T

IF (NTYPE.E2.1) GO TO 7S5

PRINT 80,E

G0 TO 85

FRINT QOLEETA .

FRINT 95,TEMF,RTNDT

Wi I=K1 :

IF (KI.NE.0.0) GO TO 281

PRINT 105,SYIELD

FRINT 110,C

FRINT 120, %N

FRINT 125.SM,SE

LL=1

AL=A

XL=XLL

X=A/XLL

IF(X.5T.0.5) 60 10 135

’

Ui
gl



. 140 AF(NTYFE.EQ. 2) 5U FD 143 ) .
‘C¥#wé DETERMINE MM FACTOEZZOR SURFACE FLAW 32-116405L-00
. KEY=1 MS‘ .
XX=A1/T
ZZ=A1/XL
DO 150 11=1,1S
IF(X1(I1)., GE. XX) 60 TO 1 A .
"GO0 TO 135 : st
155 IP1=11 ) o , - .
IT1=11-1 ' :
DO 1&0 J1=1,9
150 IF(ZI(JI).GE ZZ) GO TO 145 .
GO0 TO 135S ' .
165 JP1=J1 ;
JJi=J1-1 I :
DX1=(XX=X1(II1)) /(X1 (IP1)=X1(II1))
DZ1=(ZZ-Z1(JJ1))/(Z1(IJP1I~=Z1(JJ1))
IF(Y1(I11,JJ1).6T.2.) GO TO 135
1F(Y1(¢IP1,JJ1).6GT.2.) GO TO 135S
IF(Y1(II1,JP1).6T.2.) GO TO 135
IF(Y1(IFP1,JP1).GT.2.) GO TO 135
YA1=Y1(II1,JJ1)+DX1*(Y1(IP1,JJ1)~Y1(I11,3J1)) -
YB1=Y1(II1,JP1)+DX1%(Y1(IP1,JPL)-Y1(111,JP1)) ;
MM=YA1+DZ1* (YE1-YAl) ' ‘ '
IF(BETA.ER.90.) GO TO 175 :
Cx##% DETERMINE MB FACTOR FOR SURFACE FLAW AT BETA=0 DEGREES
IF(LL.ER.1) GO TO 200 T
IF(XX.GT.0.25) GO TO 215 . - ;
GO TO 205 : ) )
215 IF(ZZ.6T.0.1) GO TO 205 . .
200 DO 180 I2=1,11 , ' )
180 IF(X2(I2).GE.XX) GO TO 185
- B0 TO 13S. . ) ‘ : . .o
185 IP2=12" : ’ C : o
112=12-1
DO 190 J2=1,6 . : .
190 IF(Z2(J2).GE.ZZ) GO TO 195 : , :
GO TD 135 . ' L
195 JP2 . . ) : v
JJz= J”—l ~
DX2= (XX— X”(II“))/(X2(IF°)—X°(II”))
DZ2=(ZZ-Z2(JJ2)) /{Z2(IP2)—-Z2(JJ2))
YA2=Y2(I112,JJ2)+DX2% (Y2 (IF2,JJ2) Y“(IIQ,JJ”)) )
YBZ=Y2(IIE.JP2)+DX2*(Y2(IP2,JP9)—Y”(IIL,JPL)) » A g
MB=YA2+DZ2% (YE2-YA2) S .
GO TO 205
Cx#*% DETERMINE ME FACTOR FOR SURFACE FLAW AT EETA=90 DEGREES
175 IF(LL.GT.1) GO TO 205
- IF(XX.GT.0.5) GO TO 135
IF(ZZ.GT.0.3) GO TO 135
IF(ZZ.LT.0.2) GO TO 135
DX2=(XX—0.0) /{0.5-0,0) : ‘
DZR2=(ZZ-0.2)/(D.3-0.2) .
YAZ=0.821+DXZ#* (0. 805-0.821) . : .
YR2=0.954+DX2% (0. 892~0.956)
MR=YA2+DZ2* (YE2-YA2)
GO TO 205
»%%% DETERMINE MM FACTOR FOR SUBSURFACE FLAW AT FOINT 1
145 XX=2.%E/T
22=2.%A1/T
DO 220 I1I3=1,13
220 IF(X\(Ix).GE XX) GO TO 225
GO TO 13 : : . , i

2235 IP3=I3 . L
113=13-1 ’
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a
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Of NIAPSCRE RN BN S R ARSI A TR

Fo, LF (TS0 Su. 24D GO
" GO TO 135 N
35 JP3=J3 é%
JJI3=J3-1
DXZ=(XX=X3(II3)) Z(XF(IFS) =XI(II3Z))
DZ3=(Z2Z-Z3(JJT)) /(23 (JIF3)—-Z3(JJI3))
IF(Y3I(IIZ,JJ3).6T.2.) GO TO 135
IF(Y3(IP3,JJ3).6T.2.) GO TO 135 :
IF(Y3(I13,JP3) .6BT.2.) GO TO 11 -
IF(Y3(IF3,JPI) .GT.2.) 60 TO 13
YAS=Y3I(II3Z,JJI3) +DX3I® (YS(IF3 JJ*)—Y~(IIQ,JJQ))
YB-—YS(IIT,JP”)+DX3*(YT(IP;,JP’)—Y”(II;,JPq))
MM=YAS+DZ3# (YB3I-YAZ) .
DETERMINE ME FACTOR FOR qUBaUFFACE FLAW AT POINT. 1
DO 240 14=1,8
IF(X4(I4).GE XX) GO TD 245
G0 TO 135 .
1P4=14
114=14-1
pg 250 J4=1,4 i
IF(Z4(J4).GE.ZZ) 60 TO 255
GO TO 135S g :
JrP4=J4 i
JJj4=34-1 v
DX4=(XX— x4(114)>/(X4<1P4)—X4(114))
pDZ4=(71Z- Z4(JJ4))/(Z4(JP4)—Z4(JJ4))
IF(Y4(114,JJ4).6T.2.) GO TO 13
IIF (Y4 (IP4, JJa).6T.2.) GO TO 1wg
IF(Y4¢(II4.,JF4).6GT.2.) GO TO 13
IF(Y4(IFP4,JP4).6GT.2.) GO TO 13q
. YAA=Y4(114,JJ4)+DX4%(YA(IP4,JJ4)-Y4(114,JJ4))
[YEB4= =Y4(114, JP4)+DX4*(Y4(IP4 JP4)-Y4(II4 JP4))
MB= YA4+DZ4*(YB4 YA4) .
DETERMINE FINAL FLAN SIZE
AI(1Y=A .
DO 255 I=1,MTRAN .‘f
'D1= SMR(I)*MM*i 772457 (O%*0.5)
D2 —SER(I)*ME*I 77245/ (Q#%0.5)
D= D1+D°
IF(D.LT.O. 0) D=0. 0
F=(2.-XM) /2
AF (1) = (AI(I)¥¥F+F*C*(D)**XN*XNCYCLE(I))**(l/F)
AL (I+1)=AF (1)
IF (AR (NTRAN) . LT. (1.01*A1)) GO TO 270
A1=AF (NTRAN) .
XL=AF (MNTRAN) *XLL/A
LL=LL+1
GO TO 140
IF(NTYFE.EQ.1) GO TO 271
"DETERMINE MM FACTOR FOR SUEBSURFACE FLAW AT POINT 2
CAL= =A".
27=2.#A1/T
pO 221 15=1,13
IF(XS(IS) .GE.XX) GO TO
GO TO 135
IFS=1S
115=15—~1
DO 231 JS=1.6
IF(ZS(JS).GE.ZZ) GO TO
.G0O TO 135
JPS?Ju
JJs=J5-1
DXS2 (XX—XS(I115)) /(XS (IFS)=XS(115))
DZS5=(ZZ2-25(JJ5)) / (ZS(IFS) ~25(JIH)
IF(Yu(IIq JJS).GT.2.) B0 10 135




Mot X3 2
271

IS (LIS OFS) L GT.2,) G0 10 1355

IF(YS(IFS,JFPS) .6T.25% GO TO 135 (:32-1164054-00
YAS Yu(IIu,JJq)+DXq* YJ(IFq,JJq)—Yu(IquJJq)) e
YES=YS (115 ,JPS) +DXS(YS (IPS,JPS) —Y5(115,JFS))
MMZ2=YAS+DZS* (YRS-YAD)

DETERMINE ME FACTOR FOR SUBSURFACE FLAW AT FOINT 2

DO 241 16=1,8 . - .
IF(X&6(16). GE XX) GO TO "46 : =
GO TO 135 ° « < . - X

IP&=16 : :

116=16-1

DO 251 J&=1,4
IF(Z6(J6) .GE.ZZ) GO TO 256 .
GO TO 135 o
JP&6=J6 . L
JJ&=J&—-1 o
DX6=(XX—=X&(116)) /7 (X6 (IP6)—X6(116))
DZ6=(ZZ-26(JJ&) )/ (2Z&6(IPE) —26(JJT&))
YAL=Y6(116,J06) +DX&% (Y6 (IF6,JJ6) -Y6(116,336))
YB&=Y6 (114 ,IP8) +DX&# (Y& (IP6,IJFE) ~Y&6(I116,IF6))
MB2=YA&L+DZ&6* (YEE—-YASL) ' ,
DETERMINE FINAL FLAW SIZE FOR POINT 2-OM SUBSURFACE FLAUW
AIZ2(1)=A '
DO 266 I=1,NTRAN
D1=SMR (1) *MM2%1.77245/ (Q%#0.5)
D2=SER (1) *MB2%1.77245/ (@#%0.5)
D=D1+D2
IF(D LT. D=0.0

=(2 —XN)/
‘AF“(I)—(AI”(I)**F+F*C*(D)**XN*XNCYCLE(I))**(1/F)
AIZ(I+1)=AF2(D) .
IF (AF2 (NTRAN) .LT. (1. 01*A1>> 60 TO 271

. AL=AF2 (NTRAN)

.GO TO 217 .

DETERMINE STRESS INTENSITY FACTOR, KI

KI=SM*MM*1.77245% (AF (NTRAN) /@) #%0.5 + S8*MB*1.77245% (AF (NTRAN) /) *
1%0.5 Lo : ’
IF(KILLT.0.0) KI=O0. 0001

IF(NTYFE.ER. 1) GO TO 281 - _

KI2=SM*MM2%1. 77“4q¥(AFL(NTRAN)/D)**O + SB#ME2%1.77245% (AF2 (NTRAN
1)/Q) ##0.5 : :
IF(KIZ.LT.0.0) KIZ2=0.0001

IF(KI.GT.K :) GO TO 280

KEY=3

KI=KI2

MM=MM2

ME=MB2

DO 279 I=1,NTRAN

AI(1)=A12(I)

AF(IL=AF2(I)

GO TO‘“

KEY= :
DETERMINE CRACEK ORREST STRESS INTENSITY- FACTDR. 1A .
IF(KIALNE.Q.) GO TO 235

KIA=1.2353% (2.71828%% (0. 0145% (TEMF~RTNDT+160.))) + 26.78
IF(KIA.LT.200.) GO TO 2335 . :
KIA=200.

DETERMINE RATIO OF KIA TO kI
RATIO=KIA/KI _
IF(WEI.NE.O.O) GO TO ZI0a - - - ~ -
IF (KEY-2) 284,287,283 :

FRINT 130

GO TO 287

FRINT 131

GO TO 289




-

. 289 FRINT 133 ‘ R

T PRINT 275, (1,SMRCLY
ERINT 290,Q,MM,MB

. T04 PRINT 305,KI : : ; _
. PRINT 310,KIA - , 32 1164054-qg

£ h I=1,NTRAN)

FRINT 315,RATIO
PRINT 320 R .
IF(RATIN.GE.3.16) GO TO 325 - :
PRINT 330 e B 4 : .
GO TO 10 ’
325 PRINT 340
10 CONTINUE ,
GO TO 350 : Lo
135 FRINT 3SS :
350 CONTINUE
5 FORMAT(IS)
1S FORMAT (20A4) E
20 FORMAT(//,20A4/7) i
25 FORMAT (4X,I11,5F10.0,3X%,12,2F10.0) : :
30, FORMAT (3F10.0,E10.0,3F10.0) 7 ' . g
35 FORMAT(3F10.0) o : e
45 FORMAT (1HO, ‘FLAW TYPE
S5 FORMAT (1HO, ‘FLAW TYFE : SUBSURFACE ')
&0 FORMAT (1HO, “INITIAL FLAW DEFTH, (A) = ',F10.5," IN °//° INITIAL FL
1AW LENGTH = *,F10.5,° IN *//°"WALL THICKNESS = *LFL0.5,° (1IN °)
80 FORMAT (1HO, ‘ECCENTRICITY OF SUBSURFACE FLAW = *,F10.5,° IN ):
90. FORMAT (1HQ, *KI CALCULATED AT PERIFHERY OF SURFACE FLAW WHERE EETA
1= ‘,FS.1," DEG ") - e ‘ :
95 FORMAT (1HO, *CRACK TIP TEMPERATURE = °,Fé.1,° F °//° REFERENCE NIL
o {DUCTILITY TEMPERATURE = °*,F&6.1;° F °)

SURFACE ") - : -

t

110 FORMAT (1HO, ‘SCALING CONSTANT USED IN PARIS EQUATION = ° ,EIOI‘. 3)

6105 FORMAT (1HO, *YIELD STRENGTH = "PL,F7.2,'-KSI )
120 FORMAT (1HO, *EXPONENT.USED IN. FARIS EQUATION = °,F7.3)
25 FORMAT (1HO, 'MEMBRANE STRESS = °,F7.2,° KSI *//1X, "BENDING STRESS =

4 1-°,F7.2,° KSI ") , |
150 FORMAT (1HO, ‘FATIGUE CRACK GROWTH : °

151 FDRMAT(lHD,'FéTIGUE CRACK GROWTH FOINT 1 L'DCATION IS CRITICAL")

Fﬂ;' 132 FORMAT (1HO, 'FATIGUE CRACK GROWTH : POINT 2 LOCATION IS CRITICAL')
| 133 FORMAT (1HO,4X; ' TRANSIENT _STRESS RANBES (KSI) NO. OF FL

1AW DEPTH .(IN) ‘/S5X, "NO. _ MEMBRANE  BENDING, CYCLES
2 INITIAL  FINAL’//) : : .
575 FORMAT (1H ,6X,13,9%X,F7.2,3X,F7.2,4X,F10.1,2X,F9.4,F7.4)

90 FORMAT (1HO, ‘FLAW SHAPE FPARAMETER @ = *,F7.3//° MEMBRANE STRESS COR
{RECTION FACTOR MM = °,F7.3//¢ BENDING STRESS CORRECTION FACTOR ME
1= *,F7.3) :

=05 FORMAT (1HO, ‘STRESS INTENSITY FACTOR USING FINAL FLAW SIZE, kI = ‘y
1F7.2,° KSI ROOT INCH )
K 310 FORMAT (1HO, *CRACK ARREST STRESS INTENSITY FACTOR, KIA = °,F7.2,° K
~ 1SI ROOT IMCH °2 . )
o 315 FORMAT (1HO, RATIO, KIA/KI = °,F7.2)
320 FORMAT (1HO, "ACCEPTANCE CRITERIA : KIA/KI MUST EBE GREATER THAN 3.16
. 1) : . .
. <=0 FORMAT (1HO, *THIS FLAW IS NOT ACCEFTAELE FER SECTION XI OF THE ASME
' { ROILER AND FRESSURE VESSEL CODE ‘/° (1977 EDITION THROUGH SUMMER
21978 ADDEMDA) ) ' .
=40 FORMAT (1HO, THIS FLAW IS ACCEFTABLE FER SECTIOM XI OF THE ASME EOI
1LER AND FRESSURE VESSEL CODE */° (1977 EDITON THROUGH SUMMER 17978
~ADDENDA) , FROVIDED THE FRIMARY STRESS LIMITS OF /' NB-3000 ARE SAT
IISFIED FOR THE FLAWED SECTION )
‘355 FORMAT (1HO, *FARAMETER QUTSIDE TABULATED VALUES, EXECUTION TERMINAT .
1ED ") : ;
aTOP ;
END ' .
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