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Evaluation of leak rate by EPRI code

Toshikuni ISCZAKI, Issei HASHIGUCHI, Kiyoshi KATO
and Shohachiro MIYAZONO

Department of Reactor Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokal-mura, Naka-gun, Ibaraki-ken

(Received July 21, 1987)

From 1987, a research on the leak rate from a cracked pipe under
BWR or PWR operating condition is going to be carried out at the authors'
laboratory. This report describes the computed results by EPRI's leak
rate code which was mounted on JAERI FACOM-M380 machine. Henry's critical
flow model is used in this program.

For the planning of an experimental research, the leak rate from a
crack under BWR or PWR operating condition is computed, varying a crack
length 2Zc, crack opening diameter COD and pipe diameter. The COD value
under which the minimum detectable leak rate of 5gpm is given is 0.22 mm
or 0.21 mm under the BWR or PWR condition with 2c =100 mm and 16B pipe

geometry. The entire lists are shown in the appendix.

Keywords: Leak Rate, Crack, Critical Flow, EPRI Code
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E£B. 5 BRI 734 b
FORTRAN 77 vioL3t DATE B7.04.08 TIME 15.59.47

EFR1'S PROGRAMM FOR LEAK RATE THRQOUGH CRACKS
COPIED FROM EPRI NP3540-L70 APRIL 1984 ON 1986.03.04 130
LEAK.FORYT(HASB704) COMPLETED ON 1987, 4. 8. BY HASH
KKK K KKK K KK KR A KK KR R KX
#x% COMPLETED ON 62, 4. 8, *x%x
0K KK K K K 3K KKK o oK KKK K K R K

wxx THE INPUT TO THE PROGRAM wex

FIRST CARD

IN=1 --> INITIALLY SATURATED LIGUID,IMPUT TEMERATURE ONLY

IN=2 --> INITIALLY SATURATED LIQUID,IRPUT PRESSURE ONLY

IN=3 --> INITIALLY SUOCODLED L1IQUID,1KPUT BOTH TEMCRATURE AKD PREGSURE
PO = STAGNATION PRESSURE (KFA)

TO = STAGNATION TEMPERATURE ()

FB = DACK PRESSURE (KPA)

THRESH = THERSHHOLD VALUE, DRIGINAL VALUE = 1.E-3

SECOND CARD

EL = CRACK LEMNGTH, 2C (CM)}

EW = CRACK-OPENING DISPLACEMENT, COD (CH)

[0 = CRACK DEPTH, L (TM)

FX = THE HEIGHT OF PRUTRUSION DF THE ROUGHNESS GRAIN FROM THE MEAN
SURFACE (CM)

AR = AREA RATIO = AL/AQ

N1 = NUMBER GF 90 DEGREES TURNS 1IN THE CRACK PATH

N? = NUMBER OF 45 DEGREES TURNS IN THE CRACK PATH

#kxx JAER]'S STEAM TABLE xxx

STEAMZ(P,T,V, H,5, INDEX)

INDEX=0 --> SUBCOOLED WATER OR SUPERHEATED STEAM, INPUGT GOTH PRESSURE
AND TEMPERATURE

INDEX=1 --> SATURATED STEAM, INPUT TEMPERATURE

INDEX=2 --> SATURATED STEAM, INPUT PRESSURE

INDEX=3 --> SATURATED WATER, INPUT TEMPERATURE

INDEX=4 --> SATURATED WATER, INPUT PRESSURE

oo MmO OMN oo OO0CoOEe0oO OO o0O0DO0o0000000o0no oo

000001 IMPLICIT REAL®3 (A-H,0-2)
000002 COMMON /PP/ PO,TO,XLD,FF, AR, IN,CD,DH, THETA
C
000003 o = 0.61
00004 PRl = 3.141592654
000005 THETA = 0.5%PAI
C
C 1KPA= 1000N/Mxx2= 1000KG/M/$x%x2= 1000f9.8%F-4 KGF/CHxx2
c = 1000%E-4/9.8/0.07031 LBF/INx*2= 1000/6890.4 LBF/INk*2
c
000006 PCY = 6.89475TE+3
000007 NSTEP = 200
c
000008 1 READ €9,10,END=100D0) IN,PO,TO,FE, THRESH
000009 READ(9,15) EL,CW,ED,EX, AR, N1,R2
t
000010 PO = 1.E3%PQIPCY
000011 T0 = 1.8%xT0r32.
000012 PB = 1.E3%PBIPCY
000013 EL = EL/2.54
000014 EW = EW/2.54
000015 ED = ED/2.54
000046 EK = EK/2.54
0000147 X =0
000018 "AREA = EWxEL
000019 PER = 2,%(EW+EL)
000020 AREA = AREA/144.
000021 PER = PER/%Z.
000022 ED = ED/12.
000023 EK = EK/12.
000024 DH = 4.=AREA/PER
000025 ¥LD = ED/DH+50.%N1426.¥N?
000026 IFCXLD.LE.12.) GO TO 400
000027 RK = DH/4./EK
000028 FF o= 1.0/(2.*DLOG10(RK)I 1. 74) xx2
C
C
000029 IFCIN.EQ. 1) THEN
000030 TEMP = 10

000031 TEHWP= (TEMP-32.0)%0.5555556
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000032
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006G38
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Q000456
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000048
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000053
000054
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000060
000061
0000672
Q00063

000064

000065

000066
000067
000068
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000070
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000072
000073
000074
000075
000076
gooory
oooore
000079
0000BD

oooogt
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000083

000084
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PRESS = PSAT(TEMP)
PO = PRESS®14,223133
ENDIF

OP = (PO-PB)/FLOATC(NSTEF)
PL = PB

CALL PR(PL,FCC,PT,.GC,XE,XT,IC)

IFCIC.EQ.2) GO TO 33
IFCIC.NE.3) GO TO 40

IK = IK+1

PL = PL+DP
IFCIK.LT.NSTEP) GO TD 30
GO TO 355

PD1 = PL-PCC

NM2 = NSTEP-IK

DO 50 I=1,HM2
PH = PL4D?

CALL PRCPH,PCC,PT,GC,NE,XT, ID)

IF(IC.EQ.2) GO TO 55
PDZ = PH-PCC

1F({PD1%PD?).LT.0.) GD TO 10&

FL = pH
FD1 = PD?
CONTINUE

FRINT 75,P0,TO,PB
GO TO 400
CONTINUE

PBL = PD1

POH = PDZ2

o 200 I=1,50

PX = (PHxPDL-PL*PDH) /{PDL-PDH}
CALL PRC(PX,PCC,PT,GC,XE,XT,ICY

POX = PX-PCC

IFCABS(PDX).LT.THRESK) GO TO 300

THRESHOLD YALUE WAS CHANGED
THRESHOLD VALUE WAS CHANGED
IFCABS{PDX).LT.$.E-3) GO
IF(ABS{PDX).LT.5.E-3) GO
IFCABSCPOX).LT.1.E-2) GO

BY
BY
TO
TO
TO

HASH x*x

IS0 62.02.006 wxx
300

300

300

IFCCPOX*PDH) .6T.0,) GD TO 250

pPol = PDX
PL = PX
GO 7D 200
PDH = PDX
PH = PX
CONTINUE

PRINT 220,PL,PH,PDL,PDH
GO Y0 1000

CONTINUE
EN = PCC/PO
GM = AREAXGC

AREA = 144 .xAREA
PER = 12.xPER
ED = 12.%ED
EX = 12,*xEK

PRESS = PCC

CALL JAERI(PRESS,TEMP,VOLG,ENTAG,ENTOG, 2
CALL JAERICPRESS,TEMP,VOLF,ENTAF,ENTOF 47

PCC = PRESS

T52 = TEMP

H1 = ENTAF

HZ = ENTAG

HHE = XTxH2+(1.-XTr*H1
60 TO 500

CONTINUE

PRESS = PO

TEMP = T0

60 TO C11,12,13), 1IN
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CALL JAERI(PRESS,TEMP,VOLF,ENTAF, ENTOF,3)

CALL JAERICPRESS,TEMP,VOLF,ENTAF,ENTOF,4)

CALL JAERI(PRESS,TEMP,VOLF,ENTAF, ENTOF,D)

GxXx2 = ZXROX(PO-PB) = 2#(LBM/IFT*xx3I*LBF/IN*%2
= OXLBM/FT*x3%(32, 1SLBMAFT/S%%2) / IN**2
= 2%32.15%LBMxR2/CFT/12)Xx2/Sx%2
= %32, 15M144% (LBM*S/FTwRg) *%2

CALL JAERICPRESS,TEMP,VvOLG,ENTAG,ENTOG,2)
CALL JAERICPRESS, TEMP,VOLF,ENTAF, ENTOF,4)

GO0 70 2000

GO TO 2000

COGNTLNUE

PO = PRESS

T0 = TEMP

YLD = VOLF

PYIEEL ND CHOKING 1tltl
= 9264 .96% (LOMRS/FTxx2) xx?

GCZ = 9266.112%(PO~PH)/VLD

GC = SART(GCY)

GM = AREA2GC

FCC = PR

T = 0.

XA = 0.

AREA = 144 .%AREA

PER = 12.%PER

ED = 12.%ED

EK = 12.%EK

GO 70 510

CONTLINUE

PRESS = PB

P8 = PRESS

TSA = TEMP

H1 = ENTAF

H2 = ENTAG

XA = (HHE-H1)/{H2-H1}

PRINT 600

PO = PO*PCVv®1,.E-3

PRINT 605,P0

To = (T0-32.2/1.8

PRLINT 610,70

GO TO (520,530,540),IN

PRINT 615,1N

GD TO 550

PRINT 616,1N

G0 TO 550

PRINT 617,1IN

PE = PB*PCV*x1.E-3

PRINT &20,PB
PRINT 650

EL = 2.54%EL
PRINT 710,EL
EW = 2.54%EW
PRINT 720, EW
ED = ED*2.54
PRINT &70,ED

DH = DH=*2.54%12,

PRINT 730,0H
PRINT 695,XLD
EX = EK*2.54
PRINT 675,EK

AREA = AREA%2.54%%2

PRINT 660,AREAR
PER = PER®2.54

PRINT 665,PCR
PRINT &80,AR
PRINT 685,N1
PRINT 690,82

PRINT 700,THRESH

PRINT 750

1 LBM/(FTxx2x%5)

4,8824T KG/ (Hxx2x5)
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C
000157 GC = GC=4.88725
000158 PRLNT 770,GC
000159 GM = GH*¥0.4536
000160 PRINT B00,GH
000161 PCC = PLC®PCVw1.E-3
000162 PRINT 850,FCCL
000163 PRINT 900,XT
000164 PRINT 950,XA
000165 GO 70 1
C
000166 10 FORMAT(110,4F10.02
000167 15 FORMAT(5F10.0,2110)
000168 75 FORMAT(’-',10X, xxx FLOW IS NOT CHOKED FOR THIS CASE *xx’,
13F10.2)
000169 220 FORMAT(’-7,rwxk FAIL TO CONVERGENCE. **%+ /' xx% TRY TG INPUT MUCH
*LARGER THRESHOLD VALUE w%%’ ,4715.4)
000170 6500 FORMAT(’ 1, »x»xx STAGNATION PROPERTIES »xx', [/}
000171 605 FORMAT(’Q’,”PRESSUREC(PO)=",F10.0,2X, KPA’)}
000172 510 FORMATC'0’,"TEMPERATURECTO)=",F10.1,2X,'C")
000173 615 FORMAT(’0’, INPUT INDICATORCIN)=",I5,% ---> INITIALLY SATURATED LI
*QU1D, INFUT TEHMPERATURE ONLY')
000174 616 FORMAT('Q’,"INPUT INDICATORCIN)=",I5," ---> INITIALLY SATURATED LI
*QU10, INPUT PRESSURE DONLY')
000175 617 FORMAT(’G’,”INPUT INDICATDRCIN)=",15,7 ---> INITIALLY SUBCOOLED LI
xQUID,INPUT BOTH TEMPERATURE AND PRESSURE’)
000176 6520 FORMATC(’0’, BACK PRESSURELPB)=",F10.1,2X, KPA", 11D
000177 650 FORMAT(’C’, "sxxxx CRACK GEOMETRY xwxx¥x'_ [/}
000178 660 FORMAT(’0',*AREA=',F10.4,2%, [M¥x2Z")
0Do17% 665 FORMAT(*0','PERIMETER=",F10.2,2X, 'CH")
000180 670 FORHATC(’0*, DERTH=",F10.2,2%,'C¥")
000181 675 FORMATC(’0‘,'ROUGHNESS HEIGHT=',E12.4,2%, /CH")
000182 KRB0 FORMAT('O', 'AREA RATIOCAE/ADY=",F10.2)
000183 685 FORMATC'O0',*NO, OF 90 DEGRLE TURK=",110)
000184 690 FORHATC’0*, N3, OF 4% DEGREE TURKW=",1102
000185 695 FORMAT’0’, DEPTH/HYDR. DlA.=", F10.1,3
000186 TOO FORMAT(’0',*THRESHOLD VWALUE =’,F10.5,//12
000187 710 FORMAT(’0’,” 2C=’,F10.5,2%,’'CM")
000188 720 FORWAT('Q’,’COD=",F10.5,2%, C4">
op0189 730 FORMAT¢’'Q’,"HYDR. DIA.=’,F10.5,2X, CH")
goo019¢ TS50 FORMAT(’Q’, “wxxx® QUTPUT =wxokx? /)
000181 770 FORMAT(’0Q’,’CRITICAL MASS FLUX =/, E15.4,2X, 'KG/M*%2/SEC")
000192 800 FORMAT('0’, LEAK RATE =/, E15.4,2X,'KG/SEC’)
000193 850 FORMATC('0’, PRESSURE AT EXLT PLANE =',F10.1,2K,, KPA’)
000194 900 FORMATC/0’,’QUALITY AT EXIT PLANE =’,F10.4)
000195 950 FORMAT(’0Q’,’RUALITY AT BACK PRESSURE =’,F10.4)
C
000196 i000 S70P
000197 END
FORTRAN 77 ERROR MESSAGES: PRODGRAM NAMECMALR )}, FLAG(E) OPTIMIZE(2)
JIZK5001-1 NAM:PP WaM:CD THE COMMON BLOCK HAS THE ELEMENT ALLOCATED ON
JZK5001-1 NAM:PP KAM:DH THE COMMON BLOCK HAS THE ELEMENT ALLDCATED ON
JIKS5001-1 NAM:PP NAM:THETA THE COMMON BLOCK HAS THE ELEMENT ALLOCATED ON
C
[
[
C
000001 SUBROUTINE PR(PCK,PCC,PT,GL,XE,XT,ICY
[
C IN=1 --> INITIALLY SATURATED LI1QUID,INPUT TEMERATURE CGNLY
C IN=2 --> INITIALLY SATURATED L1QUID,INPUT PRESSURE ONLY
¢ IN=3 --> INITIALLY SUBCOOLED LIQUID,INPUT BOTH TEMERATURE AND PRESSURE
¢ .
000002 1MPLICIT REALXS C(A-H,0-1)
000003 COMMGN /PPt PO,TO,XLD,FF,AR,IN,CD,DH, THETA
C
000004 1t =1
C
C KAPPA=CPILCY
C
00000, AKAPPA = 1.33
000006 B = 0.0523
C
000007 PRESS = PO
000008 TEMP = TO
¢o0009 GO 70 1,2,3),IN
C
C INPUT TEMPERATURE OMWLY 11!
C
poopi1o 1 CALL JAERI(PRESS,TEMP,VOLF, ENTAF,SLD,3)

29—

AN INVALID BOUNDAR
AN INVALID BOUNDAR
AN INVAL1D BDUNDAR
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000011 PO = PRESS
000012 VL0 = VOLF
000013 GO 10 1000
c
C IKPUT PRESSURE DNLY 11!
c
000014 2 CALL JAERI(PRESS,TEMP,VOLF,ENTAF,5L0,4)
00o01s TO = TEMP
000016 vLO0 = VOLF
000017 GO TO 160G
C
C INPUT BOTH PRESSURE AND TEMPERATURE 1!
C
0Qo01s 3 CALL JAERICPRESS,TEMP,VOLF,ENTAF,SLO,0)
000019 VLO = V¥OLF

000020 1000 CONTINUE

C
000021 PRESS = PCK
C
000022 CALL JAERI(PRESS,TEMP,VOLG,ENTAG,SGC,2)
000023 CALL JAERI(PRESS,TEMP,VOLF,ENTAF,SLC,4)
C
000024 PCK = PRESS
000025 T8 = TEWP
000026 VGC = VOLG
000027 YE = (S5LO-SLCY/(SGC-SLC)
o000z CN = 1.0
000029 TFCXE.LT.0.05) Ch=20.%XE
0G0030 XT = CN=*XT*(1,-EXP(-B*x(XLD-12.))}
000031 XM = CM*FE-XT/B/{XLD-12.>
000032 200 PC1 = PCK-0.5
000033 PCZ = PCLK+0.5
£
000034 PRESS = PCH
C
000035 CALL JAERICPRESS, TEMP,VOLG,ENTAG,5G1,2)
000036 CALL JAERICPRESS,TEMP,VQLF,ENTAF,SL1,4)
c
000037 PRESS = PC2
C
000038 CALL JAERI(PRESS,TEMP,VOLG,ENTAG,5G2,2)
000039 CALL JAERI(PRESS,TEMP,YOLF,ENTAF,S5LZ,4)
000040 TS = TEMP
000041 DSL = SL2-SL1
000042 DSG = 8G2-56G1
600043 DXE = -(C1.-XE)*DSL+XE®DSE) / (SGC-5LE)
000044 GC2 = (XTxVGC/PCK/AKAPPA- (VGL-VLO)*CN*DXE) /321747144,
Coon4s GC2 = 1./GC?2
G00G46 IF (GC2.G6T.0.) GO TO S0
000047 Ic =3
000048 RETURN .
c
000049 30 GCL=8SQRT(GLY)
Qoooeso OPT = GLI*VLD/2,./CDw%2/32.174/ 144 xARwxZ
000051 PT = PO-DPT
000052 IF (PT.GT.3.) GO TO 100
000053 i =2
000054 RETURN
C
000055 100 CONTINUE
[
00C056 PRESS = PT
C
0oo0s7v CALL JAERICPRESS,TEMP,VOLG,ENTAG,5,2)
[
000058 PT = PRESS
D000S9 TS = TEMP
000060 VGT = VOLG
000061 VGM = (VGT+V¥GLY /2.
000067 Al = {1,-12.%xC1.-ARISXLD) /AR
0006063 GM2 = GLZx(1,+1./ALI%%2)/2,
c
C ACCELERATIONAL PRESSURE DROP
000064 DPA = GMZxXTx(VGC-VLO)
C
C FRICTIONAL PRESSURE DROP
QQQ065 DPF = FPx{XLD-12.0%xGM2% (1. -XMIXVLO+XMRXVYGM) /2.
C
L PRESSURE DROP DUE TO AREA CHANGE



000066

000067

000068

0000679
0ooo70

FORTRAN 77 ERROR MESSAGES:

DPAA

JAERI-M 87-121

GC2% (VLO* {1, -AR®*23+ XHR (VOGM-VLO) * (1. -1.7/ALI¥%2}3/2,

IR0 NICHT YERSTEHEN TITRIINNNRRNNNY

DPG

O.5%{1./VLO+1./ CXTxVGC+ (1. -XT)*VLO) ) *XLOXDHRSIN(THETA) /144,
TITTYPRRTRTYTY NICHT VERSTEHEN TTRITINNNRRNN?

TOTAL PRESSURE DROP THRODUGH CRACK
PT-CDPA-+DFF+DPAA) /32.174/144.-DPG

PCC

RETURN

END

JIKS00I-I NAH:PP
JZKS00I-1 MAW:PP
JEZK5Q01-1 NAH:PP

000001
0000G2

000003
000004
000005
000006
ooooor

Q00008

0000039
000010
000011
000012
000013

000014
000015

SPECIFIED OPT10NS:

C

Le]

o oo

PROGRAM NAME (PR Y,FLAGCL) ,0PTIMIZE(2)

NAK:CD THE COMMON BLOCK HAS THE ELEMENT ALLOCATED ON AN INVALID BOUNDAR
NAM:DH THE COMMON BLOCK HAS THE ELEMENT ALLOCATED DN AN INVALLD BOUNDAR
NAM:THETA THE COMMON BLOCK HAS THE ELEMENT ALLCCATED ON AN INVALID BOUNDAR

SUBROUTINE JAERLCPUSA,TUSA,VUSA,HUSA, SUSA,INDEX)
IMPLICIT REAL®B (A-H,0-7)

JAPAN <--~- 184

PJAP = 0.0TG308xPUSA

TJAP = 0.,555556*(TUSA-32.)

VJAP = 0.062427xVUSA

HIAP = 0.555556%HUSA

SJAP = 0.355556*5USA

CALL STEAM2 (PJAP,TJAP,VJAP, HIAP,SJAP, INDEX)

USA <---- JAPAN

PUSA = 14.2Z3133%PJAP
TUsA = 1.8xTJAP+32,

VUSA = 16.01B7T*VJAP
HUSA = 1.8%lJAP
SUSA = 1.8x85JAP
RETURN

END

END OF COMPILATION

OPTIMIZEL2), LINECOUNT (O, NOS5,ELMCJAERI |}, SOURCE, DEBUGCSUBCHK) , KOMAP
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#B. 6 [FHHKZ— Fic X B3 EPRI BTS2

kxx STAGNATION PROPERTIES *xx

PRESSURE(PO) = 15500.  KPA

TEMPERATURE(TO) = 288.0 C

INPUT INDICATORCIN)= 3 ---> INITIALLY SURCOOLED LIQUID,INPUT BOTH TEMPERATURE AND PHESSURE
BACK FRESSURE(PB)-= 101.4 KPA

*xxxk¥ CRACK GEOMETRY xxxxx

2C= 6.35000 CM

con= D.03300 CM

DEPTH= 5.71 CM

HYDR, Dla,= 0.06566 LM
DEPTH/HYDR. DIA,.= 87.0
ROUGHNESS HEIGHT=  0,62000-03  CM
AREA= 0.2095 CH*x2
PERIMETER= 12.77 CH
AREA RATIOCAE/SAD) = 1.060

NO. OF S0 DEGREE TURN= o]
NO. OF 45 DEGREE TURN= 0
THRESHOLD VALUE = 0.01000

kxwork QUTPUT xwkkx

CRITICAL MASS FLUX = B.43800+05  KG/Mxx2J5EC
LEAK RATE = 0.9199D0+00 K&/SEL

PRESSURE AT EXIT PLANE = B181.6 KPA

QUALITY AT EXIT PLANE = 0.0117?

QUALITY AT BACK PRESSURE = 0.3643

#,32__



