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RTR-2424
December 19, 1986_ _
TO: G. F. MERZ, 703-A

FROM: J. H. HINTON, 707-C M

HYDRAULIC TRANSIENTS FOR LOSS OF COOLANT ACCIDENTS

INTRODUCTION

An analysis of the cooling flow transient following a loss of coolant
accident (LOCA) was made In 1975 which showed that cooling flow to the
reactor would be avallable for longer periods 1f credit were taken for
the Emergency Cooling System actuation., The calculations have been
updated to reflect the increased flow from the Emergency Coolin

System as the result of system improvements completed under Pro?ect
$-1830 (Reference 1). In addition, the calculations were computerized
to allow improved accuracy and speed over the manual calculational
method.

SUMMARY

The hydraulic transient calculations show that the coolant flow to the
core is a direct function of the Emergency Cooling System (ECS) flow
to the reactor. The computer program written to calculate transients
can be used to predict the effect of increasing ECS flow. Parameters
in the program can be easily changed to accommodate future
improvements to the ECS or for changes to the 1lnput data as the result
of newly required empirical data.

The results of the transient calculations should be used with the
FLOOD computer program to calculate ECS limits. The leak flow
iomediately folgow ng & double-ended pipe break has been calculated to
be 66,500 gpm.

DISCUSSION - - = ... oo

The hydraulic transient for a double-ended rupture of a plenum inlet
pige was initially calculated in 1970 (Reference 2). An improved
calculation was made in 1975 (Reference 3) to take credit for the
addition of cooling water from the ECS. The previous calculations
assumed a constant leak rate of 75,000 gpm until the reactor level
dropped to a level where the circulating pumps begin to aspirate air,
about 60 inches in PL and K Areas and about /2 inches in C Area
(Reference 2).
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The addition of light water to the circulation system delays the rate
at which the reactor level decreases and increases flow tc the core
during the period immediately following the accident. The leak rate
from the reactor plenum is assumed to be proportional to the flow to
the plenum from the circulating pumps while the plenum is pressurized
(before venting occurs). The leak rate from the plenum after venting,
is controlled by the level of water in the plenum directly in front of
the broken nozzle. The plenum 18 assumed to vent when the calculated
plenum pressure in front of the broken nozzle is less than the plenum
depth (data from the FLOOD computer program).

The hydraulic transient for the double ended rupture of a plenum inlet
pipe was calculated using the following assumptions:

o Constant leak rates of 75,000 and 66,500 gpm until the circulating
pumps begin to aspirate air.

o Total leak rate is proportional to the circulating pump flow rate
until the plenum vents.

o Total leak rate is equal to the pump flow rate plus the plenum
leakage after the plenum vents.

o ECS addition begigs one (1) second after the five (5) foot action
level for valve

o No credit is taken for dumping of moderator from the plenum to the
reactor tank after the plenum vents.

o No credit is taken for tripping the A
reduction in flows vt

3 ‘_!__—"l’#"-"‘ — - 2t 3 o
The calculations are believed to be conservative. pemp flow rates
used in the calculations are the same as used in the FLOOD program
which came from the Starved Suction Tests in P Area (Reference 2).

Similar tests were performed in L Area in summer of; 1985 0sing more

accurate flow measuring instruments. The data from 8 test have not
%%EE_QEELXZQd.——it is believed that this data will show that the pump

ow rates are higher for a given reactor level. Also, a constant
pump flow rate to the plenum was used in the calculations. In ,J“’/
actuality, the pump flow will increase when the pipe breaks. Using ~ ;-7 fe
increased pump flow would decrease the ratios of leak rate to pump rff,h7“

flow which would result in longer drain times for the reactor. The '« .
initial leak rate of 75,000 gpm was calculated for reactor charges ‘;jszlj
used in 1970. Final calculations of the leak rate for modern charges .

have been completed which give a 66,500 gpm ieak rate. The appendix (hw
discusses the method for determining the 66,500 gpm value. -
Calculations also assume the reactor assemblies remain completely full {e 7

of water for all reactor levels and assembly flow rates. Pt
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-
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Credit is taken in the calculations for automatically closing the
septifoil header supply valves with automatic incident action (AIA).
This assumption is also used in the FLOOD program. Credit is also
taken for the ball valve beginning to ogen 1l second after reaching a
reactor level of 60 inches and being fully open 10 seconds later.

The program for calculating the hydraulic transient was written to
begin the calculation just prior to air aspiration by the circulating
pumps. The Starved Suction Test data from P Reactor showed that the
pump flow rate 1s constant from the time immediately following the
plpe break to the time air aspiration begins. Since the leak rate
during this time is constant, it is not included in the transient
calculation.

The calculation method is based around a material balance with the
following equations used:

0 New reactor volume equals old reactor volume minus the volume
leaked plus the volume added by the ECS.

0 New reactor level equals the old reactor level minus the volume
equivalent for the volume lost by the leak plus the volume
equivalent for the volume added by the ECS (Data from DPSOL
105-6122).

o Pump flow is a function of reactor level (Starved Suction Test
Data, Reference 2 and FLOOD CODE).

o Core flow is six times the pump flow minug the leak flow plus the
ECS flow. [ et _%w = puevy o 1 004-.«-- Jewi

o Flow from the plenum is a function of core flow as determined from
the FLOOD program after plenum venting.

o Total leakage is a function of pump flow with the initial leak set
at 66,500 gpm and the leak at the time the plenum vnets set by the
FLOOD program calculations.

o The total leakage after plenum venting is the sum of the leak from
the plenum plus the flow from one pump. _L?kft pﬁaﬁ;7 .

o ECS flow while the ball valve opens is determined empirically from
L-Area test data.

All equations are identified within the program for calculating the
hydraulic transients.

The computer program is attached with a sample run for PLK Areas with
ECS flows of 5100 and 8000 gpm for initial leak rates of 75,000 and
66,500 gpm. Figure 1 shows the differences between these four cases,
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PROGRAM TO CALCULATE RERCTOR FLOH TRANSIENTS FOR LOSS OF COOLANT RCCIOENTS
PROGRAM WRITTEN BY J. H. HINTON NOUEMBER 1986, REVISED DECEMBER 13986

CALCULATIONS WITH AC MOTORS GR DC MOTORS

ALEV IS THE REACTOR LEUVEL WHEN RIR RASPIRATION BEGINS (70" IN PLK; 82" IN C)
BPFLO IS THE EQUILIBRIUM FLOW FROM THE EMERGENCY COOL ING SYSTEM

COFLQ 1S THE CALCULATED CORE FLOW

COFLOV 1S THE CORE FLOW FROM THE FLOGD CODE WHEN THE PLENUM UVENTS

CECS 1S THE CORRECTION TO THE ECS FLOW DURING AC HOTOR CORST DOWN

CLEV IS THE RERCTOR LEVEL FOR THE AUTOMATIC TRIP OF THE AC MOTORS

CT IS THE TIME THE AC MOTORS TRIP

OTIME IS THE DIFFERENTIAL TIME FOR THE [NCREMENTAL CALCULATION

PUFLO1 IS THE CARLCULATED PP FLOW, STARTS AT 28,200 GPH (FROM FLOOD CODED
PUFLZ IS THE PUMP FLOW RATE WHEN THE PLENUM VENTS (FLOOO CODE DRTAR)

PUMP |S AN IDENTIFIER FOR CHRNGING FROM AC TO DC MOTORS

RATEBP 1S ECS FLOW RATE DURING AND RFTER URALUVES BEGIN TO OPEN

RATLE (S THE CALCULRTED LEAK RATE; DESIGNED BASIS IS 75000 GPH

RLPU 1S THE RX LERK RATE WHEN THE PLENUM VENTS (PLENUR + PUMP)

RXLEAK 1S THE OESIGN BRSIS LEAK RATE (73000 GPM)

RXLEV1 (S THE RERCTOR LEVEL; START AT 70" IN PLK AND 82" INC

RXUOL 1S THE VOLUME OF MODERATOR IN THE REACTOR

AUOLZ IS THE VOLUME OF HODERATOR IN THE RERCTOR HWHEN EMPTY, OPSOL 6122
RUCLED IS THE VOLUME OF MODERATOR WITH THE LEVEL AT 60" IN PLK AND 72" (N C
RUOL128 IS THE VOLUME OF MODERATOR HITH THE LEVEL AT 12.9 FEET

TLEV 1S THE AC MOTOR TRIP LEVEL N FEET (i2.8 OR 10.8>

TTIME IS THE TItE TO RERCH 70 INCHES FOR THE 1HITIAL LERK RATE (75000 GPMD
TRIP IS Rt IDENTIFIER FOR RUTOMATICALLY TRIPPING THE AC MOTORS

TUOL IS THE VOLUME OF MODERATOR I|N REACTOR AT THE BEGINNING

UECS IS THE VOLUME ADDED TO THE SYSTEM FROM THE ECS IN THE TIME INCREMENT
UENT S THE REACTOR LEVEL FOR KHICH THE PLENUM LIQUID LEVEL IS LESS THAN 8.73
ULERK 1S THE UVOLUME LERKED FROM THE SYSTEM [N THE TIME INCREMENT

ULEV 1S THE LEVEL THE VALVES RECEIVE THE SIGNAL TO OPEN <80 IN)

UPFT 1S THE REACTOR VOLUME PER FOOT UNDER CIRCULATION

ur IS THE TIME TO REACH THE I FOOT LEVEL

UT8 IS THE TIME THE BALL VALVE BEGINS TO OPEN; 1 SECOMD AFTER O FT LEVEL
UTE IS THE TIME THE BALL VALVE 1S FULL OPEN; 11 SECOMNDS AFTER 3 FT LEVEL

DIMENSION RXLEV(900G», COFLO(9000), PUFLO(9000 >, RRTLE(9000)
DIMENSION UECS(9000), RXVOL{(I000>, TT | MEC3000), VLERK{S000)
DIMENSION RATBF<9000 ), CFLOCI000 >, CECSC3000), PRAT (3000 >

USE ARER =1.0 FOR PLK CALCULRTIONS




USE AREAR =2.0 FOR C ARER CALCULATIONS

USE PUMP=1.0 FOR RC MOTORS
USE PUIMP=2.0 FOR DC MOTORS
USE PUMP=3.0 FOR AC MOTORS ON WITH RUTOMATIC TRIP RCTION

USE TRIP=1.0 FOR AUTOMATIC TRIP OF AC ﬂUTURS AT 12.8 FEET
USE TRIP=2.0 FOR AUTOMATIC TRIP OF RC MOTORS AT 10.8 FEET

OOOCO0O0OhO0

AREA=1.0
PUMP=3.0
TRIP=2.0
RXLERK=66500.0
PUFLO1228200.0
BPFLO=10000.0
ULEU=60.0
RLPU=9843 .0
COFLOU=33000.0
PUFL2=7143.0
RXLEV1=153.6
DTIME=0.1
IFCTRIP EQ. 1.0)CLEV=133.6
IFCTRIP.EQ. 1. 0OTLEYV=12.9
[FCTRIP.EQ.2.0)CLEU=129.8
IFCTRIP.EQ.2.0)TLEV=10.8
IFCPUMP EQ.2.00 GO TO S
GG 10 ?

3 PUFLO 1=8873 .0

? IF (RRER.EQ.1.0) GO TO 10

DATA FOR C AREA

TUOL=31640.0
RUOLSO= 15420. 0
‘RVOL 128=27660
RUOLZ=4620.0
UPFT=1800.0
ALEV=82.0

GO TO 20

0oO0

DRATA FOR PLK RRERAS ~

TVOL=24300.0
RUOL 1268=20168.6
RUOLB0=9700. 0
RUOLZ2=2990 .35
UFFTa1341.9
ALEU=70.0
CONTINUE
UPIN=UPFT /12.0

XP i$ THE EXPONENT TO FIT THE LEAK DATA FROM THE FLOOD CODE WHEN THE PLEMUAY
VENTS TO THE IMITIAL LEAK RATE (ROALERK, GPM)D

= OO0
o

O000 8

(FCPUMP.EQ.2.0) GO TO
G0 TO 58
= RXLEAK=RXLEAIK*) . 244
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X=RLPU /RXLEAK
Y=PUFL2/PUFLO1
XP=(LOGCX ) )/(LOGCY))D
00 400 I=1,9000

CARLCULATE THE PUMP FLOM PATE FROM REACTOR LEVEL USING FLOOD CODE DATA

e Mo N L N o

RXUOL ¢ 1)=RUQL 128

RXLEVC t r=RXLEV

RATLE( 1 )=RXLEAK/50.0

TTIMEC 1 )a(TUGL-RUOL 128 Y /RATLEC 1)
c
C REACTOR LEVEL TO BEGIMN OPENING THE BALL URLVE (S SET AT 39 TO 60 INCHES
¢ ;

IFCRXLEYS ) ) LE. CEV-0.0)) GO TO 62
62 IFCRXLEVS ) ). GE. CULEV-1.0)) GO TO 64
GO TC 66
UTaTTIMECI)
UTB=UT+t.0
UTE=UT+11.0
CONT INUE

g

REACTOR LEVEL FOR THE AC MOTOR TRIP SET FOR 10.8 OR 12.8 FEET

IFCRXLEVCT ). LE. (CLEV=1.0>> GO TO 72
IFCRXLEVC) ). GE. (CLEV-1.1>> GO TO 74
G0 TO 76

CTaTTIMECI 1.0

CONT INUE

R‘ nnng

DETERMINATION OF PUMP CORST DOMN FLOW RRTIO

JFCRXLEVC( ). GE. (CLEV-1.12) GO TO 170
IF(PUMP EQ.1.0> GO TO 1790
IF{PIMP .EQ.2.0) GO TO 1790
IFCTTINECI > LE.CT) GO TO 1790
IFCTTIMECH) . LE. (CT+1.07)) GO TO 1800
{FCTTIMECH).GT.CCT+1.072) GO TO 1710
1710 IFCTTIMECL) . LE.CCT+2. 14)) GO TO 1810
IFCTTIMECI Y. GT.(CT+2. 14>)> GO TG 1720
1720 IFCTTIMECI) LE. (CT+3.86)> GO TO 1820
IFCTTIMEST ) .GT. (CT+3.88)) GO TO 1730
1730 IFCTTIMEC]).LE. (CT+7.713) GO TO 1830
IFCTTIMEC ) ). GT.<CT+7.71)) GO TO 1740
1740 IFCTTIMECE).LE.<CT+13.30)) GO TO 1840
IFCTTIMECH).GT.C(CT+13.50)) GO TO 1730
1750 IFCTTIMECH ) . LE. (CT+21.43)) GO TO 1830
IFCTTIMECHY.GT.(CT+21.43)) GO TO 1780
1760 IFCTTIMEC] 3. LE. (CT+50.36)> GO TO 1860
IFCTTIMEC] ). GT.(CT+50.38)>) GO TO 1770
1770 IFCTTIMEC] ). LE.<CT+80.0)> GO TO 1870
IFCTTIMEC]) .GT.(CT+60.0))> GO TO (780
1780 CFLOC) =0, 28
G0 TO 1890
1790 CFLOCI >=1.0



181Q
1820

1840
1830
1580
1320

88838 8

810

g§ 388288

690
130

GG TO 1880

CELOCI d=(C<CT+1.0?7)-TTIMEC! )3 /210.7)40.90
G0 TQ 1880

CFLOC T )=(CCCT+2. 14)=-TTIMECT ) )/10.7)+0.80
GO TO 1880

CRLOCH d=(C{CT+3 . 88)=~TTIMECY 3)/17.2)+0.70
G0 TO 1880

CFLOC) dm(CCCT+7. 2T)-TTIMEC! »)/38.540.60
GO TO 1880

CFLOC I )= ¢CCT+13.50)-TTIMEC] >)/57.940.9%0
G0 TO 1880

CRLOC) dm((CCT+21.43)=-TTIMEC) ))/79.3)40.40
GO TQ 1880

CFRLOCH Ya(((CT+50. 36 »=TTINEC! ))/289.3)+0.30
GO TO 1880

CFLOCT 3¢ CCCT+80.00=-TTIMEC] ))/482.0)+0.28
CONTINUE

FLON WITH RC MOTORS ON

IFCARER.EQ.1.0) H=0.Q
\F(AREA.EQ.2.0) U=12.0
IFCTTIMECH) . GE.CT+50.0) GG TO 1000
IF(PUMP.EQ.2.0> GO TO iC0O

1F(RXLEVC ). GT. 70. T0 309

O+ GO
IFCRXLEVC| >.LE. 70.0+H) GO TO S350
IFCRXLEVC| >.GE.80.0+) GO TO 130
IFCRXLEUC) 3.LT.60.0+H) GO TO 3560
IFCRAXLEVC1).GE.S0.0+{) GO TO 160
IF(RXLEVCI).LT.50.0+H) GO TO 570
IFCRXLEVC] ).GE.40.0+H) GO TO 170

- IFCRXLEVUC] ) LT .40.04) GO TO 380
IFCRXLEVC! ). GE. 30.0+4) GO TO 180
IFCRXLEVC] ). LT . 30.0+) GO TC 390
IFCRXLEVC I ) GE.25.0+d) GO TO 190
IFCRXLEVCI ) LT .25.04H) GO TQ 600
IFCRXLEVC| ).GE.24.0+H)> GO TO 200
IFCRXLEVCI ) LT . 24.0+4) GO TO 610
IFCRXLEVCE ). GE.23.0+H)> GO TO 210
IF(RXLEV(1).LT.23.0+4) GO TO 620
IFCRXLEVC ) .GE.22.0+H) GO TO 220
IFCRXLEVC! >.LT.22.0+4) GO 7O 830
IFCRXLEUCH) GE.21.0+W) GO TO 230
IFCRLEVCE) LT . 21.0+4> GO TO 640
IFFCRXLENC| 3. GE. 20.0+d) GO TO 240
IFCRXLEVC >.LT.20.0+H) GO TO 630
JIF(RXLEV(1?.GE. 19.0+4) GO T0 230
IFCRALEVUCE) . LT.19.0+d) GO YO 660
IFCRXLEVC| >.GE. 18.0+{) GO 70 260
IFCRLEVCE ) .LT. 18.0+H> GO TO 670
IFCRXLEVC(E) .GE. 13.044) GO TO 270
IFCRXLEVCT) LT, 15.0+1) 80 TO 650
IFCAXLEVC] }.GE. 10.0+K) GO TO 280
IFCRXLEVC ) LT 10.0+4) GO TO 890
IFCRXLEVCT ).GE. 5.0+) GO TO 290
IF(RXLEV( 1) LT .5.044) GO TO 300
PUFLOCH Do (CRXLEVC ) - (60 O+i) )* 120 >+27000 . 0 *CFLOC Y



180
170
180
190
200
210

240
250

1570
1580
1590
1600
1610
1620
1830

G0 10 310

PUFLGC ] )= (CCRXLEVC ] >=(S0. O+W) 7400 )+23000 . 0 X*CFLOC )
GO TO 310

PUFLGC | 22 CCRXLEUCT )=C(40 . O+ ) )*700)+16000. 0 »*CFLOS | )
GC TO 310 '

PUFLOCT d2(((RXLEVC] >=(30.0+H) »*720)+8800. 0O*CFLOC 1)
GO TO 310

PUFLOCI )-(((HILEUU X=(25. 04D *S 10346230 . 00*CFLOCH)
G0 70 310

PUFLO¢ | D {CRLEUCT =24 . O+W ) )* 100)+6 150 .0 W CFLGC | )
GO TG 310

PUFLOC | )= (CRXLEVC | )~(23. 0+l ) >*50 )+6 100 . 0 *CFLOCIT)
60 TG 310

PUFLOC! )= C(RXLEV( T )=(22. 0+H) »* 100 >+6000 . 0)"'CFLO(I p)
Go TO 310

PUFLOC T 3= (CCRXLEVS ) X=(21. O+l 230 +3730. 0 »CFLOCI
G0 TO 310

PUFLOC] D= ( CCRXLEVC! )—-(20. O+H) G50 >+5100 .0 »*CFLOC | >
G0 TQ 310

PUFLOC T J=¢CCRXLEVCT )=( 19 044 ) )*850 >+4250 .0 Y*<CFLOC | )
GO TO 310

PUFLOCT d=¢ (CRXLEVC T >—( 18. 0+ »*450 >+3800. 0 >*CFLOC )
GO 7O 310

PUFLOC ] J=(CCRXLEVCT )= 15, O+H) 1308 0+28?75. 0 *CFLOC 1)
G0 TO 310 :

PUFLOC | J=CCCRXLEYCT - 10. O+l ) 3*235 )+ 1700. 0 *CFLOCI )
GO TO 310

PUFLOC | )= ((RXLEUCE )=(5. 0+l 7 190 )+750 . 0 0*CFLOCI >
G0 TO 310

PUFLOC | 3= ((RXLEV(] )~(0. 0+l ) )* 150 )+0 . O *CFLOC 1)

GO0 10 310

PUFLOC { )=PUFLO1#CFLOL L )

CONT INUE

IFCPUFLOC) >.LT.6875.0) GO TO 1000

G0 10 23

FLOHS HITH DC MOTORS ON

IFCAXLEUC ) .GT.20.04H) GO TQ 1303
IFCAXLEVCT ). LE.70.0+44) GO TO 1350

IFCRXLEVC(T ) . GE 60.0+H)> GO TO 11350
IFC(RXLEVCI ). LT.60.04H) GO TQ 13560
IF(RXLEVC(I ). GE.S0.0+H) 60 TO 1160
IFCRILEVC] ) LT .30.0+M> GO TO 1370
IFCRXLEVC) ) .GE.40.0+{)> GO TO 1170
IFCRXLEVC ] 3.LT.40.0+) GO TO 1380
IF(RXLEVC) ). GE.30.0+H> GO TO 1i80
IFCRXLEVUCE) LT.20.0+W) GO TO 1590
IFCRXLEVS1).GE.25.0+4) GO TO 1190
IFCRXLEVC] ) .AT.23.0+H) GO TO 1800
IFCRXLEVC] ). QE. 24 .0+W) GO TO 1200
{FCRXLEUCI ).LT.2¢4.0+H) 00 TO 1610
IFCRXLEV() ).GE.23.0¢4) GO TO 1210
IF(RXLEVCI).LT.23.04M) GO TO 1620
IFCRXLEV(! ). GE.22.0+H) GO TO 1220
IF(RXLEVCI ) .LT.22.0+H) GO TO 1630
1FCRXLEVCI ). GE.21.0+W> GO TO 1230



IFCRYLEVCT ) LT . 21.044) GO TO 1640
1640 IF(RXLEUCT 2.GE.20.0+H) GO TO 1240
IFCRXLEVC] > .LT.20.0+4) GO TO 1650
1650 IFCRXLEVCY 2 .GE. 19.0+H> GO TO 1230
IFCRXLEVCI > .LT. 19.0+4> GO TO 1860
1660 IF(RXLEVC| >.GE. 18.0+) GO TQ 1260
IFCRXLEVC! > .LT. 18.0+) GO TO 1670
1670 IFCRYXLEUC| ) .GE. 13T0#) GO TO 1270
IFCRXLEVCT ). LT. 15.0+d> GO TO 1680
1680 IFCRXLEVC] > .GE. 10.0+H) GO TO 12680
IFCRXLEVCI ) .LT. 10.0+4) GO TO 1690
1890 IFCRXLEVUC!T ) .GE. 5.0+ GO TO 1290
IFCRXLEVC] ). LT.5.0+M> GO TO 1300
1130 PUFLOC ! )= (CRXLEVC] )-(60 .C+l)> 13 .9)48735.0

60 TO 1310

1150 PUFLOC | D= CRXLEVUC ) )= (30.C+H) * 13, 9)+06367.0
G0 TQ 1310

1170 PUFLOC | d=((RXLEVC | »~<40.0+) *13.9)+08438.0
G0 10 1310

1180 PURLOCT = ((RXLEVC] »=(30.0+K>7*13.9)>+6320.0
GO TO 1310

1190 PUFLOC! daCCRXLEVC] )—-(25.0+HD 2% 14 0)+6250.0
GO 70 1310

1200 PUFLOC E )= CRXLEVCT )-(24 .0+4) )»* 100, #6150.0
GO 7O 1310

1210 PUFLOC 1 D= (CRXLEVC T 3=(23.0+H)*30. )+6100.0
GO TO 310

1220 PUFLOC I J=CCRXLEVC| )-¢22. 0+H) )*100. »+8000.0
GO TO 1310

1230 PUFLOC T = (ROLEVCT -(21.0+U) *230 . »+35730.0
GO TO 1310

1240 PUFLOC | >=CCRXLEVC] 2-C20. 0+H ) »*650. >+3100.0
G0 TO 1310

1230 PUFLOC ] )= ((RXLEVCI )=( 19.0+H))*630. )+4230.0
GO TO 1310

1200 PUFLOC 3=((RXLEVC ) >=C18.0+W) %430 . >+3800.0
G0 TO 1310

1270 PUFLOC! Y= CRXLEVCT »=C13.0+4) )*308. »+2873.0
GO TO 1310 )

1280 PUFLOC 1 d=C (RXLEVC »=<10. 0+ )*235 . )+1700.0
GO TQ 1310 .

1290 PUFLOC | y=((AXLEVC )=(5.0+H))*190. »+750.0
GO T0 1310

1300 PUFLOC | >=((RXLEUC | >—-<0 .0+ »*150. »+0.0
GQ TO 1310

1305 PUFLO{ | )=PUFLDY

1310 CONT INUE

c
C CARLCULATE THE LEAK RATE FROM PP FLOM AND INITIAL LERK RATE

23 IFCAXLEVC] ). GE. ALEV)Y RATLE (] >=RXLEAK /60

c
C LEAK IS PROPORTIONAL TO PUMP FLOW UNTIL PLENUM VENTS
c
c

[p]

AR ASPIRATION CAUSES THE PUMP FLOW TO DECREASE

IFCRXLEVCT ) LT .ALEV)> GO TO 30
30 IF(PUFLOCI ).LE.PUFL2) GO TO 40



RATLE | )=(RXLEAK /60 . 0 *(C(PUFLOC 1 3} /PUFLO 1 )%%XP )

GO TQ 45
c
C CALCULATE THE LEAK RATE FROM FLOCD CODE DATA AFTEA PLENUM UVENTING
C

40 RATLEC | y=(RLPU /60 .0 ¥ (PUFLOCI 3 /PUFL2)Y
43 CONTINUE

ULEAK( | J=RATLEC | Y*OTTME
c

C CALCULATE REDUCTION IN ECS FLOM WITH URLUES UPENING BEFORE 5 FEET
c

iF(PUMP EQ.2.0> GO TO 1983 -

IFCPUIP.EQ.3.0) GO TO 1890

PRAT (1 2aPUFLOCI 3 /PUFLON

IFCCFLOCI >.6E.0.80> GO TO 2190

JFCCFLOCI>.LT.0.80> GO TO 2093
2095 IFCCFLOCI} GE.0.70) GO TO 2153
fFCCFLOCI).LT.0.70)> GO TO 2100
2100 IFCCFLOC) >.GE.0.60> GO TO 2160
IFCCFLOCI > .LT.0.60) GO TO 2103
210% IFCCFLOCI ). GE.0.50) GO TQ 2165
IFCCFLOCI).LT.0.50) GO TO 2110
2110 IFCCFLOCTH).GE.0.40) GO TO 2170
{F(CFLOCI).LT.0.40) GO TQ 2113
2113 IFC(CFLOCI).GE.0.30) GO TO 2173
IFCCFLOCI).LT.0.30) GO TO 2120
2120 IFCCFLOCL ).GE.0.28) GO TO 2180

IFCCFLOCI>.LT.0.28) GO TO 2183
2133 CECS( | »=0. 490-(0. 400%((PRAT(1)-0.70)/0. 10>

GO T 2193

2180 CECS( ! »=0.673-<0. 183*({(PRAT(|)-0.60>/0. 10))
GO TO 2193

2103 CECSC) x=0. 798~<0. 129%((PRAT(I1 >=0.50)/0. 105
GO TO 2195

2170 CECS(| =0 586~<0. 088%((PAAT(I>~0.40>/0.10>3
GO TO 2195

2178 CECS{1)=0.951-(0. 00F3*(<(PRAT( | )-0.301>/0. 102
GO TO 219%

2180 CECS( | >=0.961-<0. 010 (PRATCI >=0.28)/0.02>7
GO TO 2195

218% CECS(1)=1.0
GO TG 2193

2190 CECS(1)=0.0
2195 CONT INVE

c

C CALCILATE THE REDUCTION IN ECS FLOW WHILE PUMPS RRE IN CORST DOMN

c

1890 IFCCFLOC] ).GE.0.90) GO TO 1990
{F(CFLOCI)>.LT.0.80> GO TO 1995

1993 IFCCFLOCH).GE.0.70) GO TO 19833
IF(CFLOC1).LT.0.70) GO TO 1900

1900 IFC(CFLOC) ). CE.0.80) G0 TO 1960
IF(CFLGCI>.LT.0.60> GO TO 1903

1905 IFCCFLOCI ). GE.Q.50) GO TO 1963
JF(CFLOC!).LT.0.30) GO TO 1910

1310 IFCCFLOCI > . GE.0.40) GO TO 1970
{FCCFLOC) Y LT .0.40) GO TO 1913



1913
1920
1995
1960
1963
1970
19735
1980
1983
1990

1995
c

IF(CFLOCI > .GE.0.30) GO TO 1673

IFCCFLOCI ) LT.Q.30> GO TO 1920
IFCCFLOCI > . GE.0.28) GO TO 1980
IFCCFLOCI).LT.0.28) GO TO 1985

CECS(1 =0 490=-<0. 490*((CFLOC1 )~0.7205/0. 103>
GO TO 1993

CECSC | )n0.673~¢0. 183*C(CFLOCI )-0.60)/0.10))
GO TO 1998 -7

CECS(! =0, 798~-(0. 125*((CFLOCI »-0.50>/0. 100
GO TO 1993

CECS(1>=0.886~¢0.088*((CFLOC| >-0.40>/0. 102)
GO TO 1995

CECS(I )=0.9%1-(0.085*<(CFLO¢1 )~-0.30)/0.10>)
GO TO 1993 )
CECSC1)=0. 86 1-C0. 010*¢(CFLOC | )-0.28>/0.02>>
GO TO 1993

CECS(1)=1.0

GO TO 1993

CECS({)=0.0

CONT | NUE

C CALCULATE THE ECS FLON INTO SYSTEM DURING AND RFTER UALUE OPENING

¢

110
120

130

140
c

IFCRXLEV( | ). GE. (WEV-1.0)> GO TO 110
IFCTTIMECI).LE.UTB) 60 TO 110
IFCTTINEC)).6T.UTB) GO TO 790
IFCTTIMECI>.LT.UTED> GO TO 120
IFCTTIMECH) GE.UTE) GO TO 130
RATEP( | >=0.0

GO TO 140

IFCRXLEV(1).LT.50.0) CECS(1=1.0
RATBPC | Y=CCTTIMEC >~UTE 2. 0 %CECS( 1)
GO TO 140

IFCRAXLEVC | ).LT.59.0) CECSCI)=1.0
RATEPC | )= 100, G*CECSC 1)

CONT (NUE

C CALCULATE CORE FLOW FROM FLOOD CODE DATA AND REACTOR LEVEL
€

c

450

470

c

COFLOC | )=@x(PUFLOC | ) >+ (BPFLO*RATBP (| )/ 100.0)-¢RATLE(! >*60.0) —

R=COFLOU+ 100

B=COFLOV- 100

HFCCOFLOCI ) LE.A) GO TO 430
IFCCOFLOC| >.GE.BY GO TO 480

GO TO 40

VENTaRXLEU( 1)

TUENT=TTIMELI >

PUFL3=PUFLOC |

CONT INUE

VECS( | y=(BPFLO/BO. 0 * (RRTBP( | 3/100)%0T | ME
TTIMECI+ 1 )=TTHEC) 0T IME
RXVOLC!+1)=RXUOLC ) >=-ULERK (| »+UECS( | >
AXLEVCH+12a(RXVOL( I+ 1)-RUOLZ) /UPIN

C CALCULATION WILL TERMINARTE NHEM THE RERCTOR LEVEL REACHES 3 INCHES OR
C UWHEN THE ECS INPUT EQUALS THE LERK



1

400
410

g0

870
910

913

420

423

IFCRXLEMCI+15.LE.5.0> GO TO 410
Z=ULERK( | )=UECSC 1
IFCABS(2).LE.0.001) GO TG 410
NR= |

CONT INUE
CONT | NUE

WA TECS, 380)
UR | TE(B, 390 AXLEAK
HR1TE(S, 320 )8PFLO
IF(AREA.EN. 1.0 GO TO 800
WR1TE(S, 740)
60 TO 810
WRITE(S, 330>
CONT INUE
IFCPURP.EQ.1.0) GO T
IF(PUMP.EQ.2.0) GO TO
IF(PUMP.EQ.3.0)
WR1TE(S,880)

G0 TO 910

WRITE(S, 890

G0 T0 910

WA 1 TECS, 300>

CONT I NUE

WR 1 TECS, 700 ) TUENT
IFCPUMP.NE.3.0) GO TO 915
WA} TE(S, 820)CT

WRITE(S, 830)TLEY

A1 TECS, 750 PUFL3
ULEVF=ULEV/ 12

WR | TE (6, 840 JULEVF

- HRITECS, 7 10WT

HRITECS, 720 UTB
WAITE(G, 730 WTE

WR1TE(S, 340)

WAITECS, 350)

WRITE(S,360)

00 420 i=1, 1000, 10

WRITECB,370)TTIMEC! ), RXLEVC I ), RXVOLC 1 ), VECSC I ),

ULERKC 1 ), COFLOC! ), PUFLOCI )

CONT | NUE

DO 425 =1001,MR, S0

MRITECS, 370>TTIMEC | >, AXLEVC | ), AXVOLC | >, VECSC 1),

ULERK( | ), COFLOC! 5, PURLOC)

CONT | NUE

FORMAT(6X, 'CODE TO CALCULRTE REACTOR TRANSIENTS FOR LOCRS')
FORMAT(SX, ' INITIAL LEAK RATE,GPMe ' ,F10.1)

FORMAT(BX, 'ECS FLOW RATE, GPi= *,FB. 1

FGRMAT(BX, 'CALCULAT |ONS RRE MADE FOR PLK REACTGR ARERS')
FORMAT(AX, ' CALCULATIONS ARE MADE FOR C REACTOR' )

FORMAT(OX,' ', %X, 'REACTOR’,SX, 'REACTOR',SX, 'ECS',SX, 'LERK')
FORMAT(SX, 'TIME®,5X, ' LEVEL *,5X, 'UOLUME *,5X, 'UOL',SX, 'UoL ,SX,
‘CORE FLON', X, 'PUP FLOW')

FORMAT(BX, 'SEC.",5X, " INCHES ',5X, 'GALLONS',SX, ‘GRL',SX, GAL ',SX,
©GPM  ",8X, - GPM")

FORMAT(4X,FS. 1,5X,F?.2,5X,F7.0,4X,F5.2,4X,F6.2,4X,F9.0,5X,F9.0)
FORMAT(BX, 'THE TIME THE RERCTOR PLENUM UENTS, SEC.= ', F8.2)



0
720

FORMAT (8X,
FORMAT(6X,
FORMAT(BYX,
FORMAT(BX,
FORMAT(BX,
FORMAT(8X,
FORMAT(BX,
FORMAT(EX,
FORMATL6X,
FORMAT(BX,
END

"TIME VALVE OPEN LEVEL IS RERCHED, SEC.= ‘,F8.20

“THE TIME THE BALL UALVE BEGINS TO OPEN,SEC.= ' F8.2)
‘THE TIME THE BALL VALVE |S FULL OPEN,SEC.= LF8.2)
‘THE PUMP FLOW RATE WHEN THE PLENUM UENTS, GPM=",F8.0)
'TIME AC MOTORS TRIP, SEC.=2 ',F8. 2>
'LEVEL AC MOTORS ARE TRIPPED, FEET= ‘LFBLD
*LEVEL VALVES RECEIVE SIGNAL TO OPEN,FEET= ‘,F8.2)

' TRANS | ENT" CARLCILATIONS FOR AC MOTCR ORIVE ONLY')
"TRANSIENT CALCULATIONS FOR OC MOTGR DRIVE OMLY')
‘CALCULATIONS FOR RC MOTORS WITH AUTOTOMATIC TRIP'D
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TODE T SALCULATE REARCTOR TRAMI IENTS FOR LOCAS
MITHAL LEAK SRTE.GFM= 7S400.0

ECS FLOW ARATE,GFH=  3000.3

TALCULATIONS ARE MADE FOR PLK REACTOR AREAS

THE TIME THE RERCTOR PLENUM UENTS, SEC.= 190.79

THE FUMP FLOW PRTE WHEN=THE PLENUM UENTS, GFH= S35,

THE TIME THE S FOOT LEVEL 1S RERCHED, <EC.=  11.7%

THE TIME THE BALL UALVE BESINS TO OPEN,SEC.=  1Z.78

THE TIME THE BALL URLUE IS FULL OPEN,SEC = 22.72

FEACTOR RERCTOR ECS LEAK

TiME LELEL JALUME AL AL CORE FLOW PUMP FLIMW

SEL. INCHES SALLONS 3AL AL P GPH
0.3 0,00 1520 00 12%.00 34200 25200,
118 %3.18 A503 . L0 1S, 12 0364 PEE73.
12.2 49,35 3566 . Q. 31.39 2223z, 22902,
13,5 42,55 TRl 13 &4. 34 53453 . 17997
143 3729 27 53 a6 65 53212 14420 .
1S3 24 .30 6326, 1.20 34353 ST166. 11235,
153 31.56 A531. 213 6.97 45053 . 9998
7.2 29.72 £314, 3.33 21,20 40883 . 2657 .
= 3.4 £ 149 $.30 13,05 32885 . 7303
19.3 212 5023, &.53 17.0% 37680. 7352,
0.5 6.3t =033, 3,53 15.%9 704 RG20.
1.3 R 5573, 1330 1525 37189, 5644
b 25.49 S841. 12,332 14 93 8041, 5500
e 5.5 S226. 1333 14.77 37720 f430
6.2 5 13 S812. 13,53 14.52 37432, £3563.
5.2 e R b4 5800 13.33 14,50 3T7e. 6312,
26.3 5.0z 5723. 12,23 14,8 364939 £261.
7.8 2493 5778. 3.33 1434 36855, 5243,
28 .2 24.239 5768 13.23 14.32 8314, 5234
3.8 24.75 5739. 13.33 14.30 36774 Bzis.
e 24 K7 5749 1333 1423 36734 £217.
21.2 4,52 5740, 12.33 1428 36806 S208.
5 24.50 5731, 13.33 14,24 36658, B200.
el 24 .42 922, 12.23 14.22 26621, 5192,
43 2424 5713 13,33 1420 36554 . £ 134,
35.5 4.27 SN4. 13.33 1419 36549 5177
a0 pacl'1] =88 - 13312 19, 11 p403 . £145.
45 .3 23.36 5625 . 3.33 1407 36324 . 5128,
50,3 2324 5589, 13.33 1404 36250. 6112
eg 2 2z.93 3555, 12.23 13.99 15163, £33 .
60,2 22.6% 5524 . 13.33 12.93 36033, g
55 .3 22,40 549%. 13.33 13.37 35918 5040
70.32 217 5470. 13.33 13.82 35810. AO17.
5.8 21.36 5447 . 13.33 13.76 25690 5991/
30,3 21.30 5429 . 13.33 13 .88 35495 5949
35.3 21.67 5413, 12.33 13.53 35345, S916.
Q0.2 21.58 402 . 13.23 13.53 35229. £391.
35.5 21.49 5393, 13.32 12 .49 35139 5372,
1003 21.43 5387. 13.23 13.45 35069 . 5387,
105 .2 21.38 5381, 13.23 12.42 35016 5345 .
10,5 21.34 5377. 13.33 12.40 34974 5336
115.3 21.32 5374, 13.33 13.39 34942 5329,
1201, & 21.29 5372, 13.33 12,33 24917 5824
125 3 20,28 5370, 13.33 13.37 34988, - 5320.
130.9 21.27 5369, 13.33 . 13.38 34883, 5315,

‘
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CODE TO CALLCULATE SERCTIR TRAMSIENTS FOR LA
INITIGL LERK RRTE,GPM= TS00C .0

ECS FLUM RATE, oFM= S0 0 )
CALTULATIONS ARE MADE FOR PLK RERCTUR ARERS

THE TiME THE RERCTOR PLENUM VENTS, 3EC.= 7.2

THE PUMP FLOW RRTE WHEN-THE PLENUM VENTS, GFR1= 4013

THE TIH'E THE 5 FNOT LEVEL 1S REACHED, EC.= 1172

THE TIME THE BALL VALVE BEGINS TO OPEM ZEC.= t2.73

THE TIME THE BALL URLVE 1S FULL OPEN,SEC. = 278
RERCTOR RERCTOR - ECS LESK

TIME LEUEL LIQLUME UL UL CORE FLOW
TEC. IHIHES GRLLIING AL GRL PM
s 20,00 \WIEZQ. a0 125,20 24200,
11.8 9312 508 . a0 115.12 Q004
12.2 49 3% 2966 . 0. 31,24 32222,
1308 42,55 T2, .03 &4 33 &l 28,
143 27,28 T2 34 45 B 23075,
158 827 223 i 3402 50220,
15,3 ¥1.59 0323, 1.36 el s $4428
17 3 29,99 e 213 21.5% A8,
13,2 o300 2123, Z.06 1263 ITIHE
5.3 26.75 5952 417 18 41 35520,
Zn. = 2576 Lra .44 15.24 jrici=ici-
1.5 24,33 5734, &.39 14,35 33008,
a2.8 4 .38 717, 5.50 14 21 3700
3.3 23.37 SEGD . 290 14,11 22496
24 .3 23.%9 SEd 2.50 14,09 Exic-a
25 2 22.33 5349 . 3.50 12.99 33238,
5.2 22.39 5493 .50 13.37 7a014.
R 21.92 5441 2.50 13.73 52737,
29.2 21.48 3290, 2.50 13.47 32209
233 2103 5342, 2.50 13.22 31707,
30.3 20.62 T297. 3.50 12,55 20555.
3.8 3.282 95253, 2,80 12.13 29505,
2.8 13,37 5224, 2.30 11.55 28561,
EAE M 195 3.90 1118 e
4.3 19,43 170, 250 10,72 . 26674,
5.3 19.31 5150, 3.50 10.36 25953,
40 = 1272 Soed 2.50 Q.47 24168,
45.3 13.37 S045. 3.50 3.1 23437 .
s0.3 18,18 5020, 2.50 3.38 22980,
<8 .= H=JRAR| SO0% . 2 .90 2.74 22693
60,3 792 4995, 3.90 3.57 22530.
£S .2 1730 4987 3.50 g.62 22457
] 7.3 4982 . 2.90 5.59 22788,
5.3 17.78 4378, 2.50 2.37 22339,
.3 17.75 4973. 2.30 39.53 22303,
5.8 172.73 4973. 3.50 2.53 2227
.3 17.72 4972, 3.50 3.53 22257,
§5.8 .7 4971. 8.50 .52 22243,
00,3 17.70 . 4670 2.50 3.51 22333,
ws .3 17.70 4669 . 3.50 3 51 22325
0.3 17.69 4969. 8.50 8., 22220.
115.8 17 .59 4569 . 3.50 3.51 22217,
1203 T A9 4GAE 2.50 3.50 22214,
125 .5 17 .89 4363 3.90 3.50 22212,
0.9 17.68 4368 . 3.50 '®.50 22210.

PLMP FLOM
i3PM
29200,
26673,
229102,
17506
14473
11Ev2.

T047 .
2589

=1
L v S

T144

BR3T.
243,

5138,

5144
B119.
5082,

5029
5979
5365,
a7eT.

5507.
3290

076,

4554
3663,
4512,
4125,
3967
SORg

TE08,
3TTE.
37,
V40,
3730
3722,
3716,
3712,
3709,
3707
3709.
704
3703.
3703
372,

2702



O ) O D 3 X AL o LAV MR V3 s D I AL GO D O I DO I @A A 30 L GO a3 Cw L3y L2

=t [
cooT AL LIAK GATE GPM=  3ASO0 7
EC3 Lok RRTE GFft= 3100.0
TRLSULATIONS RRE MROE FOR PLX REACTLR ARERS
THE TIME THE RERCTOR PLENUM UENTS, 3EC.=  I3.56
THE FUMP FLOW RATE WHEN-THE PLENUM UENTS, Gftt= 6017,
TSE Ti°E THE 5 FOOT LEVEL 1§ RERCHED, L. = 13.16
THE TiME THE BALL UALUE BEGINS T OFEN,3EC.=  14.1%
THE TIME THE BALL UALVE 1S FULL OFEN, SEC =  4.25

FEACTIR  FEACTOR  ECS LIAK

00 "0 CALTULATE PEACTOR TEAMZIENTI FOR LONAE

THIE LEUEL URLUME LI L COFE FLIH FUNP FLOW
SEC. IMIHES SRLLONS GAL GRL GFH FM
tE2 T W, 00 $10.22 12TR0. 2520
3.2 3. 25 ©3TA0. ] 104 6 33524, 043
9.2 5172 TS .M 232 29367, 22891
5.2 44.7 T, a7 33.53 TETA, 12350
W 73,53 7423, ey 43,232 BT0ET . 15737
Tz L 5991, . 7.g7 SE53T. 12388,
1.2 23S ohHd to2g 9.0 $IEHT. 10554
9.2 E 5415, 2.04 23 W 42511, 4247,
5.2 gz, 236 P 2201, 2238
2.2 5057 . 4.03 17.66 37027, 7333,
2.2 TE43. 5.20 16102 9421, fO7S.
23.2 5349, 5.73 13.01 4291, 5526
4.2 5977, 2.33 14.23 33347, Ha42.
5.2 =9, 3.5 1422 M. B1390.
e i SO6Z. 250 411 23500 - Gds.
iT.2 23.39 SO06. 5.50 14,05 3I38S. 120,
2.2 22.90 53351, 250 13,39 32247, £050 .
3.2 ZZ2.41 5437 . .50 3.87 3022, S04 1.
.2 21.94 442, 2.%0 13.74 22757 %934,
i 21,43 S92, 5.30 13,48 228, Sebg.
322 21.04 5244 2.50 13.23 393G, - STEO.
3.2 20,54 5299, 2.30 12.57 30997 3515,
4.2 20,29 5299, 2.50 12,14 25541, 3233,
392 19,93 5229, 2. 50 11 B2 282003, Pl
382 13,72 136, .50 1557 27570, 4361
i 13.50 AN 3 .50 19,33 8704, 4574
4202 12,22 0D %.o0 3.57 29763, 4122
47 .2 15,43 9352, 5.50 5.7 23362, 3994
2.2 13,19 0235, .50 g2 23038, 885,
3.z Nz 04 008, 2.90 - 22742, ERin
B2 T34 4997 3.50 2.68 22573, 3740,
ET.Z 1787 4389 2.50 3.63 22474, 3759,
2.2 Va2 4383. g.50 .40 22401, M43
I 7.3 4373, 2.50 2.57 23348, 5932,
2.2 L 4975 8.30 2.95 22309. ' 2722
gv.z 17.73 4974, 8.30 - 3.54 22281, 3717
9.2 17N 4972. 3.90 .53 22261, a3
7.2 7L 4971, 2.5) g.%2 22248 370,
0.z 12.70 4970, §.30 2.91 22235, ERar
AT 2 2.7 4989 . 3.50 a5 22227 3706
12,2 T.69 4969 . 8.30 3.91 22221, 3704
"He 2 T.69 4969, 3.50 3.5¢ 22217, 3703,
122.2 HE 4968 . 8.%50 2,50 22214, 303,
1272 17.53 4353 . 3.30 3.50 22212, 32,
132.2 V.88 4368, 3.50 8.30 22210. 2702,
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APPENDIX

Leak Rate Calculation

The leak rate for a double-ended pipe break adjacent to the plenum
inlet nozzle is calculated in this appendix. The total leak rate
comes from two- sources. First, the Bingham pump in the broken line is
a supply source. Second, the flow from the plenum at the broken
nozzle is the remaining supply source.

The leak rate is a function of the components in the reactor. In the
following calculations, data from the K-12.3 subcycle were used. The
K-12.,3 subcycle had the largest plenum pressure for the subcycles
consldered.

Leak From Pump

The leak rate from the broken plenum inlet pipe is determined by
summing the pressure losses from the pump to the break location and
using the pump head curve from Reference 4 to determine the pump
flow. The pressure loss is

PL = hg + hy (1)

where Py = total head loss, ft of D20
hg = head at point of line break, ft of D20
hy, loss from broken pipe, taken as one velocity head,
ft of D20

The pump head for the system flow is 430 fr of D30. For the K-12.3
subcycle, total pump flow for six systems is 149,400 gpm and is split
as:

Fuel flow = 141,500 gpm
S-Foll flow = 6,600 gpm
Sparger flow = 1,400 gpm

The individual system flow is 149,400/6 or 24,900 gpm at 430 ft of

DiO. For this subcycle, the plenum pressure is 71.9 psig (no
bianket gas) or 151 ft 620. The plenum gradient of 20 ft of D20
is added to 151 to obtain the heag'at the edge of the plenum. The
value for hp is

hg = 430 - 171
= 259 £t of D20 at 24,900 gpm



For a reference point, the, loss for one velocity head is calculated
for 25,000 gpm and is

V = 25,000/(60 x 7.483 x 1.23)
= 45.3 ft/sec’
hy = 1.0 v2/23;
= 31,85 f& of 520 at 25,000 gpm
where 60 = conversion from minutes to seconds
7.483 = conversion from gallons to cubic feet

1.23 -jérea of 16 inch pipe, square feet

At this poiét, the total head loss for a number of flows 1s calculated
using equationm 1:

PLie (FLOW/24.9)2 x 259 + (FLOW/25)2 4 31 g5
s .

where/fLOU = gystem flow in thousands of gpm
The ,point at which the total head loss and pump flow matched the pump
head curve from Reference 4 is 28,500 gpm. The septifoil flow must be
subtracted from this value. It i3 assumed that the septifoil pressure
supply 1s proportional to flow to obtain:

(28.5/24.9) = 1,100 = 1,260 gpm
The flow to the line break is:

FLOW = 28,500 = 1,260 = 27,240 gpm

Leak From Plenum

In calculating the plenum leak rate, the pumgs must work against the
head from the piping leading to the plenum (hg), the plenum pressure
(151 ft of Dio for this example), and the leak loss (hy). e

t

g:é:ulationa echnique first calculates a flow equation coefficient

C = P/(FLOW)Z (2)
For each of the three items contributing to the head loss:
Plenum Leak C; = 31.;5/252 = 0.05096 (3)
Core Flow Cg =°151/(142.8)2 = 0.007405 (4)

System Flow Cg = 259/(149.4/6)2 = 0.41774 (5)



The next step 1s to assume a core flow and calculate the appropriate
head losses. For an assumed core flow of 92,000 gpm, equation 2 gives
a pressure at the plenum centerline of 63 ft. The pressure gradient
from the plenum centerline to the plenum leak location must be added
to the 63 ft. The plenum gradient value estimated to be 16 ft to give
a delta~P value of /9 f£t. For the plenum head at the plenum leak
location, equation 2 calculated a Blenum leak of 39,300 gpm. The
total plenum flow is 39,300 + 92,000 or 131,300 gpm. For the K-12.3
subcycle, the septifoil flow was 6,600 gpm at a total core flow of
142,800 gpm (fuel and sparger flow). The septifoil flow for the
131,300 flow was determined from

Septifoil flow = (131,300/142,800) x 6,600
= 6,060 gpm

The total pump flow is 6,060 + 131,300 or 137,360 gpm which gives an
individual pump flow of 27,500 gpm. The system delta-P as determined
from equation g is 315.3 fr. The plenum gradient can be calculated
and compared to the assumed value of 16 ft, The plenum gradient was
20 ft at the full flow of 142,800 gpm. For the reduced plenum flow of
131,300 gpm, the plenum gradient was determined by

Gradient - 20/(142,800/131,300)2

to be 16.9 ft which is close enough to the assumed 16 ft value. The
total delta-P is then

pT = 315.3 + 16.9 + 63

= 395.2 ft
The flow and total delta-P (head) are then éompared to what 1is
possible from the pump head curves. Iterations are continued if
agreement 1s poor.

For the K-12.3 subcycle, the plenum-to-break leak is calculated to be
39,300 gpm.

Total Leak
The total leak rate is:
Total leak = 39,300 + 27,240
= 66,500 gpm



This leak rate is lower than the previously assumed value of 75,000
gpm because the plenum leak rate in this calculation depends on the
pump head curves. The previous value of 75,000 gpmwas determined by
assuming a constant plenum pressure and usin% the/Vernoulll equation
with loss terms to calculate flow from the plenumfozzle. With this
assumption, the -previous leak rate from the plenum/ was approximately
47,000 gpm which combined with the line break flow gave the 75,000 gpm

value.



