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RTR-2424 

December 19, 1986 _ ~ 

TO: G. F. MERZ, 703-A 

FROM: J. H. HINTON, 707-C 

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 available for longer periods if credit were taken for 
the Emergency Cooling System actuation. The calculations have been 
updated to reflect the increased flow from the Emergency Cooling 
System as the result of system improvements completed under Project 
S-1830 (Reference 1). ln 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 input 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 
immediately followins a double-ended pipe break has been calculated to 
be 66,500 gpm. 

DISCUSSION· • >" ~-.:....-

The hydraulic transient for a double-ended rupture of a plenum inlet 
pipe 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 72 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 to 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 is 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: 

0 

0 

0 

0 

0 

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

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

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

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

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~~~~~~~~~~::~::::~::::;r~e==su~l:t:i:n~==::~~ reduction in flows ) 

The calculations are believed to be conservat ve. The p mp 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 (R~erence 2). 
Similar tests were performed in L Area in summer of(l985 using more 
accurate flow measuring instruments. The data from'~ test have not 
been analyzed It is believed that this data will show that the pump 
flow rates are higher for a given reactor level. Also, a constant 
pump flow rate: to the plenum was used in the calculations. In ~ 
actuality, the pump flow will increase when the pipe breaks. Using?;·~ P~ 
increased pump flow would decrease the ratios of leak rate to pump r'l ~ 
flow which would result in longer drain times for the reactor. The '~~~~ 
initial leak rate of 75,000 gpm was calculated for reactor charges ~1 
used in 1970. Final calculations of the leak rate for modern charges •""~" 
have been completed which give a 66,500 gpm leak rate. The appendix ft--r..-.. 
discusses the method for determining the 66,500 gpm value. ~- "" !> 
Calculations also assume the reactor assemblies remain completely full~- 7 1 
of water for all reactor levels and assembly flow rates. r·~'· 
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Credit is taken in the calculations for automatically closing the 
septifoil header supply valves with automatic incident action (AlA). 
This assumption is also used in the FLOOD program. Credit is also 
taken for the ball valve beginning to open 1 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 is constant from the time immediately following the 
pipe 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: 

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

o 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). 

0 Core flow 
ECS flow. 

is six times the pump flow minui. the leak flow plus w. --{(,....., " I'"'"(' f-t...., + f #-., .,_ ;e.;£ 
the 

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. 

0 The total leakage after plenum venting is th~ sum of the leak 
the plenum plus the flow from one pump. 44-. r ..-1.~ . 

from 

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 
ECS flows of 
66,500 gpm. 

program is attached with a sample run for PLK Areas with 
5100 and 8000 gpm for initial leak rates of 75,000 and 
Figure 1 shows the differences between these four cases. 



• RTR-2424 
Page 4 
December 19, 1986 

REFERENCES 

1. Project S-1830, Improved Supply of Emergency Coolant. 

2. Starved Suction Tests, OPSP 70-1-4, pp. 29 - 31. 

3. Hydraulic Transient For Loss of Coolant Accident, DPSP 75-1-11, 
pp. R20·R21. 

4. J. L. Steimke, et al., Energy Conservation Survey of 100 Area 
Cooling Water and Process Water Systems - Phase I: Listing and 
Evaluation of Conservation Concerns, DPST-78-311, April 11, 1978. 

2423b 



~. 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
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DODDDDO 
DODODODO 
DO DO 
00 00 
DO DO 
00 DO 
00000000 
0000000 

RRP.PP.AA RAAA 
PUUU:UUU: AfiAfWI 
RA RA AA~ AA 
RARRRRA u1naFnJ 
RARRRRRR AAR.~ 
RR AA AA AA 
AA AA AA AA 
AR AA RA AA 

II NN NN 000000 222222 
II lllltl rti 00000000 22222222 
II Nl'fl1ll NN 00 00 22 22 
II NNNNNN 00 00 22 
II tiiiNHtlll 00 00 22 
II NN Ntltlll 00 00 22 
II NN liNN 00000000 22222222 
II Nil NH 000000 22222222 

C PROGRAM TO CALCULATE REACTOR FLClll TRANSIENTS FOR LOSS OF COOLANT ACCIDENTS 
C PROGRAM WIITTEH BY J. H. HINTOII HOUEI18ER 1986, REVISED DECEMBER 1986 
c 
C CAI.CUI..AT I OHS II I TH AC MOTORS OR DC MOTORS 
c 
C ALEU IS THE AEACTOA LEUEL III£N AIR ASPIRATION BEGINS <70" IN PU<; 82" IN Cl 
C BPFLO I S THE EQU I L I BR I Ul1 FLOII FROII THE EMERGEI1CV COOL I HG SYSTEM 
C COFLO IS THE CALCULATED CORE FLOII 
C COFLOV IS THE CORE FLOII FROtl THE FLOOD COOE IIHEN THE PLEHUM UENTS 
C CECS IS THE CORRECT\ 011 TO THE ECS FLOII OI.A I HG AC MOTOR COAST 00111 
C CLEV I S THE REACTOR LE\IEL FOR THE AUTOt1AT I C TRIP OF THE AC MOTORS 
C CT IS THE TIME THE AC MOTORS TRIP 
C DTII£ I S THE D I FFEAENT I AL T I r£ FOR THE I NCRE/1ENTAL CALC\LAT I Cll 
C PUFLO 1 IS THE CALCULATED P\Jit> FLOII; STARTS AT 28, 200 GPn < FROI1 FLOOD COOE > 
C P1JFL2 I S THE PUMP FLOII RATE 11£11 THE PLEitJI1 VEHTS <FLOOD CODE DATA> 
C PUMP I S AH I DENT IF I ER FOR CHANG I HG FROM AC TO DC MOTORS 
C RATBP IS ECS FLOII RATE OUR I HG AI1D AFTER VALUES BEGIN TO OPEN 
C RATLE I S THE CALCULATED LEAK RATE; DES I GHED BRS I S I S 7!5000 GPn 
C RLPU IS THE AX LEAK RATE III£H THE PLEIU1 UEIITS <PLEI'UI + PUMP> 
C RXLEAK I S THE DES I GH BAS I S LEAl< RATE < ~ GPII > 
C RXLEV1 IS THE REACTOR L~JEL; START AT 70" IN PLK RHO 82" IN C 
C AXUOL I S THE IJOLI.ft: OF NOOERATOR IN THE REACTOR 
C AUOLZ I S THE UOLUI1E OF 1101:£RATOR I N THE REACTOR IIHEN EMPTY; OPSOL 0 122 
C RVOLOO IS THE VOLUI£ OF MOOERRTOR IIITH THE LEVEL AT 00" Ill PU< RHO 72" ltl C 
C AUOL128 IS THE VOLUME OF MOOERATOR II 1 TH THE LEUEL AT 12 . 8 FEET 
C TLEU IS THE AC MOTOR TRIP LEVEL Ill FEET <12.8 OR 10.8> 
C TT\r£ IS THE TINE TO REfiCM 70 \NOES FOR THE INITIAL LEAK RATE <75000 GP11> 
C TR I P I S AH I OEMT I F I ER FOR AUTOMAT\ CALLI' TR I PP I NG THE AC MOTORS 
C TUOL IS THE UOL\JI'£ OF MODERATOR I H REACTOR AT THE BEG I NN I NG 
C UECS I S THE VOlUME ADDED TO THE SYSTEM FROtl THE ECS 1 H n£ T 1 NE 111CI£HEI'IT 
C UEtiT 1 S THE REACTOR LE\IEL FOR 1ft I CH THE PI..EHIJM L I QUI D LEVEL IS LESS THAll 8 . 7S 
C ULERK IS THE UOLUI£ LEAI<ED FROtl THE SYSTEM I H THE T I r£ I NCRE/1ENT 
C ULEV IS THE LEVEL THE VALVES AECE I UE THE S I GHAL TO OPEl! <00 I tl > 
C UPFT I S THE REACTOR UCLLtE PER FOOT UlllER C I RClLATI Cll 
C UT IS THE T I 1£ TO AEACH THE 5 FOOT LEVEL 
C VTB IS THE TINE THE BALL VALUE BEGINS TO OPEN; 1 SECOitl AFTER 5 FT LEVEL 
C VTE IS THE Tl 1£ THE BALL VALVE IS FlL1. OPEII; 11 SECOIClS AFTER 5 FT LEVEL 
c 

c 

DIMENSION RXLEV<9000>,COFL0<9000>,PUFL0<9000>,RATLE<9000> 
0 I MENS I 011 UECS< 9000 >, RXIJIL <9000 >, TT I ME< 9000 >, VLEAI< <9000 > 
D I MEHS I ON RATBP < 9000 >, CFLO < 9000 >, CECS< gooo >, PRAT<9000 > 

C USE AREA • I . 0 FOR PU< CALCIJ.AT IONS 



C USE: AAER =2. 0 FOR C ARER CALCULAT I OtiS 
c 
C USE: PUMP• I . 0 FOR AC MOTORS 
C USE: P\JI1Pa2 . 0 FOR DC MOTORS 
C USE: PLIMP-3. 0 FOR AC MOTORS 011 U I TH AUTOMAT/ C TR I P RCT I 01! 
c 
C USE TR I P.l. 0 FOR flJTa1AT I C TRIP OF RC MOTORS AT 12. 8 FEET 
C USE: TR I P.2. 0 FOR AUTfltiT tC TRIP OF AC MOTORS AT 10. 8 FEET 
c 

c 

AAER-1.0 
~=3.0 
TRIP..2.0 
RXLEAK"66SOO.O 
P\.IFLO 1=28200. 0 
BPFLO•IOOOO.O 
lU\JaW.O 
RLPV=9843. 0 
COFLOIJa33000 . 0 
PlJ'I.2-7143. 0 
RXLEUI•Il53.6 
DTJMEaQ. I 
IF<TRIP.EQ. I.O>CI..EUall53.6 
IF<TRJP.EQ. I.OlTLEV-12.8 
IF<TRIP.EQ.2.0~129.6 
IF<TRJP.EQ.2.0>TLEV-10.8 
IF<PUnP.EQ.2.0> GO TO S 

GO TO 7 
~ PUFLOic687S.O 
7 IF <AREA.EQ. 1.0) GO TO 10 

C DATA FOR C AREA 
c 

c 

TUCl.•31640.0 
R\.IOL6Qa IS420. 0 
R\.IOL 128-27e60 
R\.IOLZ=4620. 0 
UPFT•ISOO.O 
Al.EV-62.0 
GOT020 

C DATA FOR PlK AREAS 
c 
10 

20 

c 

TUCl.•24300.0 
RUOL 128-20168. 6 
RIJOI..6Qa9700 . Q 
RUOLZ•2990. S 
VPFT•1341. II 
ALEU-70.0 
COIITII'U: 
UP I J1ai.IPFT I 12. 0 

C XP IS Tl£ EXPOIEifT TO FIT Tl£ LEAK DATA FAOtl Tl£ FLOOD COllE JI£H Tl£ PLE1U1 
C UEIITS TO Tl£ IHITIAL. LEAK RATE <RXLEAK, GP11 > 
c 

IF<PUI'P.EQ.2.0) GO TO s:5 
GO TO~ 

'5S RXLEAK-RXLEA<*O. 244 
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58 X=RLPU/RXLEAK 

c 
c 
c 

Y=PUFL2/PUFL01 
XP=<LOG<X>>t<LOG<Y>> 

00 400 1"'1,9000 

C CALCULATE Tl£ P1Jt> FLOit AATE FlO! REACT (II LEUEL US I HG FLOOO COOE DATA 
c 

c 

AXUOL< 1 >aRUOL.128 
RXLEV< 1 >=RXLEV 1 
AATLE< 1 >=RXLEAKteO. 0 
TTl ME< 1 >=<TUG.-RVOL 128>/AATLE< 1) 

C REACTOR LEUEL TO BEGIN OPEIIIHG Tl£ BfU. UALUE IS SET AT :59 TO eo ll'tCHES 
c 

IF<AXLEU<I>.LE.<ULEV-0.0>> GO TO 02 
62 IF<RXLEV<I >.GE.<ULEV-1.0)) GO TO 04 

GO TO 66 
64 UT~TTIME(I) 

UTB-UT+1.0 
UTE..UT+11.0 

00 COI'tT ll'tUE 
c 
C REACTOR LEUEL F(JI TM£ AC 110TOR TRIP SET F(JI 10.8 OR 12.8 FEET 
c 

72 

74 
70 
c 

JF<RXLEU<I >.LE. <CLEu-1.0)) GO TO 72 
IF <RXLEV< I>. GE. <CLEV-1 . 1> > GO TO 74 
GO TO 70 
CT"'TT I ME< I )+ 1. 0 
COI'tTIIU 

C DETERI11 rt!T I 011 OF PiliP COAST 00111 FLQij AAT I 0 
c 

JF<RXLEV<I>.GE.<CLEu-1.1)) GO TO 1790 
IF<PIJI"f'.EQ.1.0) GO TO 1790 
I F<PIJI"f'. EO. 2. 0 > GO TO 1790 
IF<TTIME<I>.LE.CT> GO TO 1790 
IF<TTIME<I>.LE.<CT+1.07>> GO TO 1800 
IF(TTIME(I >.GT.<CT+1.07)) GO TO 1710 

1710 IF<TTIME( I >.LE. <CT+2. 14)) GO TO 1910 
IF<TTIME<I>.GT.<CT+2. 14)) GO TO 1720 

1720 IF<TTIME<I>.LE.<CT+3.9&>> GO TO 1920 
IF<TTII'IE(I ).GT. <CT+3.9&)) GO TO 1730 

1730 IF<TTIME<I>.LE.<CT+7.71>> GO TO 1930 
IF<TTIME<I>.GT.<CT+7.71)) GO TO 1740 

1740 IF<TTIME(I >.LE.<CT+13.:50)) GO TO 1940 
IF<TTIME<I>.GT.<CT+13.SQ)) GO TO 17:50 

17:50 IF<TTIME< I >.LE. <CT+21.43)) 00 TO 19:50 
IF<TTIME<I >.GT.<CT+21.43)) 00 TO 1700 

1700 1F<TTIME< I>.LE. <CT+S0.3fl)) GO TO 1900 
IF<TTIME<I>.GT.<CT+:50.3fl)) GO TO 1770 

1770 IF<TTJME<I >.LE.<CT+eo.O» 00 TO 1970 
IF<TTJME<I>.GT.<CT+eo.O>> 00 TO 1790 

1780 CFLO<I >-0. 28 
GO TO 1990 

1790 CFLO<I >= 1. 0 
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1800 

1810 

1820 

1830 

1840 

1~ 

lst.O 

1870 
1880 
c 

-------- - ----

GO TO 1880 
CFLO< I >"«<CT+1.07>-TTIME< I >>/10. 7>+0.90 
GO TO 1880 
CFLO<I >•«<CT+2.14>-TTIME<I ))/10. 7>+0.80 
GO TO 1880 
CFLO< I >-< «CT+3 .86>-TT 11'£(1 ) )/17. 2 >+0. 70 
GO TO 1880 
CFLO<I>-<<<CT+7.1T>-"TTII'£<1>>138.5>+0.60 
GO TO 1880 
CFLO<I>•<<<CT+13.50>-TTIME<I >>157.9>+0.50 
GO TO 1880 
CFLO< I )o(( <CT+21. 43>-TT II'£( I > >179. 3 )+0. 40 
GO TO 1880 
CFLO< I )a(((CT+50. 36>-TTIME< I »1289. 3)+0. 30 
GO TO 1880 
CFLO<I>,.<<<CT+60.00>-TTIME<I >>1482.0>+0.28 
CONTINUE 

C PliF FLOU U I TH AC MOTORS 01! 
c 

550 

560 

570 

580 

590 

600 

010 

620 

630 

640 

050 

660 

670 

680 

690 

150 

IF<ARER.EQ. 1.0> u-Q.O 
IF<ARER.EQ.2.0> Ua12.0 
IF<TTIME<f).GE.CT+60.0> GO TO 1000 
IF<PUII'.EQ.2.0> GO TO 1000 
IF<RXLEV<I >.GT. 70.0+11> GO TO 30S 
IF<RXLEV<I >.LE.70.0+t.l> GO TO 550 
IF<RXLEU<I >.GE.60.0+11> GO TO 150 
IF<RXLEV< I >.LT .60.0+11> GO TO 560 
IF<RXLEV<I ).GE.50.0+t.l> GO TO 160 
IF<RXLEV<I >.LT.50.0+11> GO TO 570 
IF<RXLEV<I >.GE.40.0+U> GO TO 170 
IF<RXLEV<I >.LT.40.0+t.l) GO TO 580 
IF<RXLEV< I ).GE.30.0+11> GO TO ISO 
IF<RXLEV<I ).LT.30.0+11> GO TO 590 
IF<RXLEV<I >.GE.~.O+II) GO TO 190 
IF<RXLEV<I >.LT.~.O+II> 00 TO 600 
IF<RXLEU< I >.GE.24.0+11> 00 TO 200 
IF<RXLEV<I>.LT.24.0+11> GO TO 610 
IF<RXLEV< I >.GE.23.0+t.l) GO TO 210 
IF<RXLEV<I >.LT.23.0+11> 00 TO 620 
IF<RXLEV<I >.GE.22.0+11> GO TO 220 
lf'<RXLEV<I >.LT.22.0+t.l> GO TO 630 
IF<RXLEV<f).GE.21.0+11) GO TO 230 
IF<RXLEV< >.LT .21.0+11> GO TO 640 
IF<RXLEV< >.GE.20.0+11> GO TO 240 
IF<RXLEV< >.LT.20.0+11> GO TO 650 
IF<RXLEV< >.GE. !9.0+11> GO TO 250 
IF<RXLEV< >.LT.19.0+11> GO TO 660 
IF<RXLEU< >.GE. 18.0+11> GO TO 200 
IF<RXLEV< >.LT.18.0+11> GO TO 670 
IF<RXLEV< >.GE. 15.0+11> GO TO 270 
IF<RXLEV< >.LT.I5.0+11> GO TO 680 
IF<RXLEV< ).QE. 10.0+11) GO TO 280 
IF<RXLEV< >.LT. 10.0+11) GO TO 690 
IF<RXLEV< >.GE.5.0+11) 00 TO 290 
IF<RXLEV< >.LT.5.0+11> GO TO 300 
PIJFLO< I >"< ( (RXlEV<I >-<60. 0+11) >* 120)+27000.0>*Cfl.Q( I) 



., C.O TO 310 
100 PUFLO< I >=< «AXLEll< I >-<SO. O+J.I > >*400 )+23000. 0 l*CFLO< I ) 

GO TO 310 
17'0 PUFLO< I )"(( <RXLEll< I >-<40. O+J.I) l*700J+ 10000.0 l+CfLO( I > 

GO TO 310 
ISO PUFLO< I )"(( <RXLEV< I l-<30. O+J.Il >*720 >+8800. 0 l*CFLO< I> 

GO TO 310 
190 PUFLO< I )oo(((RXlEVtl ,._<~.0+J.Il~ IOJ+O~.OJ"'CFLO< I J 

GO TO 310 
200 PUFLO<J>-<<<RXL£U<Il-<24.0+J.Ill*100l+OISO.Ol*CFLO<J > 

GO TO 310 
210 PUFLO<JJe<<<RXLEli(ll-<23.0+J.IJ~OJ+OIOO.OJ*CfLO(J) 

GO TO 310 
220 PUFLO( I >=< «RXLEV< I l-<22. O+J.IJ J"' IOO>+eooo. 0 J*CFLO< I J 

GO TO 310 
230 Pl.fl.O< I >-«<RXLEV< I l-<21. O+J.Ill*~>+S~. O>*CFLO<I l 

GO TO 310 
240 PUFLO< I >•< «AXLEV< I l-<20. O+J.IJ )*OSQ >+:5 100.0 J"'CFLO< I l 

GO TO 310 
250 PUFLO<Il"<<<AXLEV<J >-<19.0+J.Ill*8SOJ+4~.0l*CFLO<J > 

GO TO 310 
200 PI.RO< I )oo(( <RXLEV<I l-( 18. O+J.I> >"4S0>+3800. OJ"'CFLO( I J 

GO TO 310 
27'0 Pl.fl.O< I )oo(( <RXLEV< I )-(IS. O+J.IJJ*308)+287S. O>*CFLO< I l 

GO TO 310 
280 PUFLO<J )oo(<<AXLEV<J>-<10.0+J.I>l"23Sl+I700.0>*CFLO<J > 

GO TO 310 
290 Pl.fl.O< I Ja(( <RXL£U<I l-<:5. O+J.I J l* 190 >+ 7SO. 0 l*CFLO< I > 

GO TO 310 
300 PI.RO< I >=« <RXLEV< I l-<O.O+J.I> l* ISO>+O. 0 J"'CFLO< I> 

GO TO 310 
30S PUFLQ(I)ooPl.fl.OI*CfLO<I> 
310 COtiT lit.£ 

IF<PUFLO<J>.LT.087S.O> GO TO 1000 
GO TO~ 

c 
C PUMP FUliiS loll TH DC MOT~ Cl1 
c 
1000 

1SSO 

1500 

1:570 

1:580 

1:590 

1000 

1010 

1620 

1~ 

IF<RXLEV<J>.GT.70.0+J.I) GO TO 130:5 
IF<RXLEV<J >.LE. 70.0+J.I) GO TO JSSO 
IF<AXLEVO >.GE.60.0+J.I> GO TO 1 ISO 
IF<RXLEV<Jl.LT.60.0+J.I) GO TO 1:500 
IF<RXLEV< I l.GE.SO.O+J.Il GO TO 1100 
IF<AXLEV< 1 l.LT .SO.O+II> GO TO 1:570 
IF<RXLEV<I >.GE.40.0+J.I) GO TO 1170 
IF<RXL£U<I>.LT.40.0+J.I> GO TO 1:580 
JF<RXLEV<J l.GE.30.0+J.I> GO TO 1180 
IF<RXL£U<I >.LT.30.0+J.I> GO TO 19l 
IF<RXLEV<I >.GE.~.O+J.I> GO TO IIQO 
IF<RXL£U<I>.LT.~.O+J.I> GO TO 1000 
IF<RXL£U< I ).(l£.24.0+11) GO TO 1200 
IF<RXLEV<I >.LT.24.0+11> GO TO 1010 
IF<AXLEV<I>.GE.23.0+J.I> GO TO 1210 
IF<AXLEV<I ).LT.23.0+J.I> GO TO 1620 
IF<AXLEV<I >.GE.22.0+11> GO TO 1220 
JF<RXLEV<I l.LT.22.0+11) GO TO I~ 
IF<RXL£U<I>.GE.21.0+11) GO TO 1230 



•J 

., 

1640 

1650 

IMO 

1&70 

1&80 

1090 

11:50 

11&o 

1170 

1180 

1190 

1200 

1210 

1220 

1230 

1240 

12:50 

12&o 

1270 

1280 

1290 

1300 

IF<RXLEV< >.LT.21.0+~) GO TO 1640 
IF<RXLEU< ).G£.20.0+~) GO TO 1240 
IF<RXLEU< >.LT.20.0~> GO TO 1650 
IF<RXLEV< >.GE. 19.0+~) GO TO 1250 
IF<RXLEV< ).LT. 19.0~> GO TO 1&60 
IF<RXLEV< >.GE. 19.0~> GO TO 12&o 
IF<RXLEV< >.LT. t9.0+1l> GO TO 1&70 
IF<RXLEV< >.GE.I~~) GO TO 1270 
IF<RXLEV< >.LT. I~.O+Il> GO TO 1&80 
IF<RXLEV< >.GE. 10.0+U> GO TO 1280 
IF<RXLEV< >.LT. IO.O+Il> GO TO 1690 
IF<RXLEV< >.GE.~.O+U> GO TO 1290 
IF<RXLEV< >.LT.~.O~> GO TO 1300 
P\JFLO( I >=«RXLEV< I >-<&o .O+Il) >*13. 9 >+&73&. 0 
GO TO 1310 
PUFLO< I >-«RXLEV< I >-<50.0+U)>*13. 9>+&S97 .0 
GO TO 1310 
PUFLO< I >•«RXLEV< I >-<40.0~>>*13. 9>+&4~.0 
GO TO 1310 
PIJFLO< I >-«RXLEV< I >-<30.0~>>*13. 9>+&320.0 
GO TO 1310 
PUFLO< I >-«RXLEV< I >-<~.O+U»*14.0>+&2:50.0 
GO TO 1310 
PIJFLO< I >-«RXLEV< I >-<24 .O+Il) >* 100. >+& 1:50.0 
GO TO 1310 
PUFLO< I >-«RXLEV< I >-<23.0+U»*50. >+&100.0 
GO TO 1310 
PIJFLO< I >-«RXLEV< I >-<22. 0~ > >*100. >+&000. 0 
GO TO 1310 
PIJFLO< I >•«RXLEV< I >-<21. O+ll) >*2:50. )+~7:50.0 
GO TO 1310 
PIJFLO< I >-«RXLEV< I >-<20. O~)>*&SQ. )+~ 100.0 
GO TO 1310 
PUFLO< I >-< <RXLEV< I >-< 19. O+ll > ~. )+42:50. 0 
GO TO 1310 
PIJFLO< I >-«RXLEV< I>-< 18.0~>>*4:50. >+3800.0 
GO TO 1310 
PUFLO< I >=«RXLEV<I >-< I~.O+Il»*308. >+28~.0 
GO TO 1310 
Pt.JFLO< I >-«RXLEU<I >-< 10.0~))~. )+1700.0 
GO TO 1310 
PUFLO< I >-«RXLEV< I >-<~.0~>>*190. >+7:50.0 
GO TO 1310 
PUFLO< I >=«RXLEV< I >-<O. 0~) >*150. )+Q. 0 
GO TO 1310 

I~ PIJf\.0<1 >-PI.F\.0 I 
1310 COIIT IIIJE 

• c 
C CRLCULATE TIE LEAK RATE FRQ! PIH' FLOU Altl lit IT I fl. LEAK RfiTE 
c 
~ I F <RXLEV< I ) . GE. fi.EU) AATL.E < I >-RXLEAI< /&() 
c 
C LEAK IS I'ROI'IIIT I 0111. TO PIH' FLOU lifT I L PL£1«.11 ~.efTS 
C RIR ASPIRATICII CllJSES TIE Plll' FUlU TO DECREASE 
c 

IF<RXLEV<I >.LT.fi.EU> GO TO 30 
30 IF<PUFLOO >.LE.PIJFL2> GO TO 40 



., .. 

c 

RATLE< I >=<RXLEAK/60 0 >*«PUFLO< I l/PUFLO 1 >**XP) 
G.O TO 45 

C CALCULATE THE LEfll( RATE FROM FLOOD CODE DATA AFTEA PLENUM VENT 1 HG 
c 
40 
4:! 

c 

AATLE< 1l-<RLPU/e<l.O>*<PUFLO< I >!PUFL2>. 
CONTIIU . 
ULEA<< I ~TLE< I >*0'!'11£ 

C CALCULATE AmJCT I !II Ill ECS Fl(lll Ill TH UALUES OPEl! I HG BEFORE 5 FEET 
c 

2100 

210:! 

2110 

211:! 

2120 

21:1:1 

21e<J 

21~ 

2170 

217S 

2180 

21SS 

2190 
219:! 
c 

IF<PUII'.EQ.2.0> GO TO 198:1 · 
IF<PUMP.EQ.3.0> GO TO 1890 

PRAT< I >=Plf'LO< I )/PUFLO 1 
IF<CFLO<I>.GE.O.SO> GO TO 2190 
IF<CFLO<I>.LT.0.80> GO TO 209:1 
1F<CFLO<I>.GE.0.70> GO TO 2155 
IF<CFLO<I >.LT.0.70> GO TO 2100 
IF<CFLO<I>.GE.O.e<J> GO TO 21e<J 
IF<CFLO<Il.LT.O.e<J> GO TO 210:! 
IF<CFLO<I l.GE.0.50> GO TO 21~ 
IF<CFLO<I>.LT.0.50> GO TO 2110 
IF<CFLO<I>.GE.0.40> GO TO 2170 
1F<CFLO<I>.LT.0.40> 00 TO 211:! 
IF<CFLO< I >.GE.0.30> 00 TO 217:! 
IF<CFLO<I >.LT.0.30> GO TO 2120 
IF(CFLO(I >.GE.0.28> GO TO 2180 
IF<CFLO<I>.LT.0.28> GO TO 21SS 
CECS< I >-0.490-(0. 490*«PRAT< I >-0. 70>/0. 10» 
GO TO 219:! 
CECS< I )sQ.&73-<0. 183*«PRAT< I Hl.e<J>/0. 10>> 
GO TO 219:! 
CECS< I >-0. 798-<0. 12S*«PRAT< I >-0.50>/0. 10)) 
GO TO 219:! 
CECS< I >-0.98&-(0.088'"«PRAT< I >-D.40>10. 10)) 
GO TO 219:! 
CECS<I>-o.9:!1-<0.06:!*<<PRAT<I>-D.30>/0. 10>> 
GO TO 219:! 
CECS<I>•0.9&1-<0.010*<<PRAT<I>-0.28>/0.02>> 
GO TO 219:! 
CECS< I >-1.0 
GO TO 219:! 
CECS< I >-0. 0 
CotfTIHUE 

C CAL CLUTE THE REDUCT! !II I II ECS FLOII Ill I LE f'tlt'S ARE I II COAST IXIIf 
c 
1990 

189:! 

1900 

190S 

1910 

IF<CFLO<I>.GE.0.80) GO TO 19QO 
IF<CFLO< I >.LT .0.80> GO TO 189:1 
IF<CFLO< I >.OE.O. 70> 00 TO 1CZ!ll 
IF<CFLO<I >.LT.0.70> GO TO 1900 
IF<CFLO<J >.OE.O.e<J) GO TO 19&0 
IF<CFLO< I >.LT.O.e<J) 00 TO 190:1 
IF<CFLO<I >.OE.0.50> GO TO 11165 
IF<CFLO<I>.LT.O.:!O> GO TO 1910 
IF<CFLO<I >.GE.0.40> GO TO 1970 
IF<CFLO<I>.LT.0.40> 00 TO 1915 



.. 

~ 

191~ 

1920 

1~ 

19e() 

1116:5 

1970 

19~ 

1980 

198:5 

1990 
199:5 
c 

IF<CFLO<Il.G£.0.30> GO TO 1975 
IF<CFLO<I >.LT.O.JO> GO TO 1920 
IF<CFLO<I l.G£.0.28> GO TO 1980 
IF<CFLO<I l.LT.0.28l GO TO 1985 
CECS< I >-0.490-CO. 490*«CFLO< I >-0. 70>/0. 10>> 
GO TO 199S 
CECS<I >-0.073-<0.183'0«CFLO<I l-Q.00>/0. 10>> 
GO TO 1995 
CECSCI >-0.798-CO. 12S*«CFLO<I Hl.50l/0.10)) 
GO TO 199S 
CECSC I >=0.880-C0.088*CCCFLO< I >-0.40)/0. lOll 
GO TO 199S 
CECS< I >~.9S1-CO.OOS*<<CFLO<I )-Q.30l/O. 10>> 
GO TO 1995 
CECSCI)a0.961-<0.0IO*<<CFLO<I >-0.28)/0.02>> 
GO TO 199S 
CECS< I l-1.0 
GO TO 199:5 
CECSCI )~.0 
CONTI HUE 

C CFt.CI.LATE Tl£ ECS FLOW INTO SVSTE/1 DtlliHG AICl AFTER VAlUE CI'EIIIHG 
c 

790 

110 

120 

130 

140 
c 

IF<RXL£V< I >.GE. <ULEv-t.O>> GO TO 110 
IF<TTII'£( I >.LE.VTB> GO TO 110 
IFCTTIM£( I >.GT.VTB> GO TO 790 
IFCTTIME<I>.LT.VTE> GO TO 120 
IFCTTII'£< I >.GE.VTE> GO TO 130 
RATBP<I >-0. 0 
GO TO 140 
IFCRXLEV<I>.LT.59.0) CECS<I>-1.0 
AATBPCI >-<<TTII'£CI>-VTB>**2.0>*CECSCI> 
GO TO 140 
IFCRXL£VCI ).LT.59.0> CECSCI l-1.0 
RRTBP<I>•IOO.O*CECS<I> 
COifTIHUE 

C CFt.CIJLRTE CORE FLOII FROtl FLOOO ~ OFITA Rill REACTc..l LEUEL 
c 

c 
COFLO( I >-~<PIELO< I >>+<BPFLO*RATBP( I )/100.0>-<RATLE< I >*eO.O> 

A-COFLOV+ 100 
8-COFLCJJ- 100 
IF<COFLO<I>.LE.A> GO TO 450 

450 IFCCOFLOC I >.GE.B> GO TO 400 
GO TO 470 

400 UEifT~XL£V< I > 
TVEifT•TT I ME< I > 
PIEL3-PII'LO< 1 > 

4 70 COifT I HUE 

c 

l'ECSC I >-<BPFL0/80. 0 >*<MTBP< I l/100 >*DT I 1'£ 
TT I 1'£< 1+1 >-TT It£< I >+OTII'£ 
RXVOL < I + 1 >-RXI.Q.(J HILEII«< >+UECS<I > 
FIXLEVC I+ 1 l-CRXVOLC I+ I >-AUCI.Zl/UPIH 

C CAI.CLUIT I Ill II ILL TERI1 I HATE 11£1! TIE REACTc..l LEUEL REACI£S :5 I HCI£S c..! 
C loiHEI1 Tl£ ECS I tf>IJT EQUfl.S TIE LEfl( 



" 

t 
l 

c 
IF<RXLEIJ<I+1> LE 5.0) GO TO 410 
Z=VLEAK<I >-vECS<Il 
IF<ABS<Z> LE.0.001> GO TO 410 
NR-1 

400 CONT 1 tiUE 
410 CONT11'«.£ 

llR1TE<&,380> 
1.lR I TE <&, ~ >RXlEAK 
~R1TE<&,320~0 
IF<RREA.EQ. 1.0> GO TO 800 
ISIITE<&, 740> 
GO TO 810 

800 IJRITE<&,330> 
a 10 CONT 1 ru: 

I F < Plll'f' . EO . 1. 0 > GO TO !r.!O 
IF<PUI1P.EQ.2.0l GO TO 8&0 
IF<PUMP.EQ.3.0) GO TO 870 

9SO 1.lRITE<&,880> 
GO TO 910 

8&0 ISIITE<&,890) 
GO TO 910 

870 URITE<&,900> 
910 CONTINUE 

1.lRITE<&,700>TVEHT 
IF<PU11P.NE.3.0) GO TO 91S 
IJAITE<&,820X:T . 
IJAITE<&,830>TLEU 

91S IJRITE<&, 7SO>PIJFL3 
ULEVF=ULEU /12 
1111 TE <&, 840 >VLEUF 

· IJAITE<6, 710>UT 
IlliTE<&, 720>0TB 
1111 TE<&, 730 >UTE 
IIIITE<&,340> 
UAITE<6,3SO> 
IIIITE<&,360> 
00 420 1•1, 1000,10 
JJAI TE<6, 370 >TTl I'£( I >, RXI.EIJ< I ) , RXVtL< I ) , UECS< I >, 
VLERK<I>,COFLO<I >,PUFLO(I) 

420 CONTINUE 
00 42S 1~1001,rt1,SO 
IIIITE<6,370)TTIME<I>,RXI.EIJ<I ),RXUOL(I),UECS<I>, 

1 UlERK < I ) , COFLO< I >, PUFlO<I ) 
42S COI'IT I NIJE 
380 FORMAT<6X, 'COllE TO CILCI.UITE REIICTIJI TRAitSIEifTS FIJI LOCRS') 
~ FOfl1'1'f<6X,' INITIFL LEfl( RATE,Gf'ttlo ',F10.1> 
320 FORnfiT<6X, 'ECS FUAI RATE,Gf'ttlo ',F8. 1 > 
330 FORnfiT<6X, 'CFLCUJITIIJIS II£ IRE FIJI PLK REIICTIJI AREfiS' > 
740 FORMfiT<&X, 'CILCI.UITIIJIS II£ IRE FIJI C RERCTIJI' > 
340 FORIIT<6X,' ',SX, 'RERCTIJI' ,SX, 'REIICTIJI' ,SX, 'ECS' ,SX, 'LEAK'> 
3SO FORMAT<6X, 'TINE' ,SX,' LE\EL ',SX, 'VOLI.I'IE ',SX, 'VOL' ,SX, 'VOL ',SX, 

' CORE FLOII' , SX, 'Pill' FLOII' > 
360 FORI1AT<6X, 'SEC.' ,SX, 'IIDIES ',SX, 'GFLLIJIS' ,SX, 'GFL' ,SX, 'GFL ',SX, 

' GPI1 ',SX,' · GPII' > 
370 FORMAT<4X,FS. 1,SX,F7.2,SX,F7.0,4X,FS.2,4X,F6.2,4X,F9.0,SX,F9.0> 
700 FORnfiT<6X, 'THE Tlr£ Tl£ REACTOR PLEIUI UEKTS, SEt.• ',F8.2> 



~· .. 

" 
710 
720 
730 
750 
820 
830 
940 
890 
890 
900 

FORMAT< 6X, ' T 1 ME VAL \JE OPEN LEIJEL 1 S REACHED, SEC . = ' , F8 . 2 > 
FORMAT<6X, 'THE TIME THE BALL VALVE BEGINS TO OPEN, SEC.= ',F8.2l 
FOAMAT<6X, 'THE TIME THE SALL IJAL\JE IS FULL OPEN, SEC.= ',F8.2l 
FORI1AT < 6X, ' THE P\JI'P FLOU RATE Hl1 THE PLEIIUI1 VENTS, GPM- ' , FS . 0 > 
FORI1AT<6X, 'TINE AC NOTORS TRIP, SEC." ',F8.2> 
FOAMAT<&X, 'LEVEL AC NOTORS AAE TRIPPED, FEET• ',F8.2) 
FORMRT<6X, 'LEVEl VALUES RECEIVE SIGNAL TO OPEN,FEET• ',F8.2> 
FORNAT<IIX, 'TRANSIENT"CAUll.ATIONS FOR AC MOTOR ORIVE ONL'I'' > 
FORMAT<IIX, 'TRAttSIENT CALCIA.ATIONS FOR DC NOTOR ORIIJE Olt.'l'' l 
FORMAT<&X, 'CALCIA.ATIONS FOR AC NOTORS ~ITH AUTOTONATIC TRIP'> 
END 



,, 
!i 
c 
iJ 
0 
a 
0 
a 
a 
a 
a 
a 
a 
a 
a 
c 
il 

0 
0 
!l 
0 
0 
Q 

a 
0 
J 
a 
0 
0 
a 
0 
D 
a 
0 
D 
a 
0 
D 

a 
a 
J 
Q 

a 
J 
a 
a 
a 
a 
a 
il 
a 
a 
D 
a 
a 
0 

·:CIC•E i•) ·:.HLCULATE P.Et'I(Tl)li TFIANS!Et-tT~. FOA LO(M~. 

~ t1 t T t t1L LEAK ~ATE . C·PM= 75000 . 0 
E ·:; ~LO~ RATE, (;F·M= ::3000. ;J 
CAU:ULAT I OtiS ARE MAllE FOR PLK ~EACTOR AREAS 
THE T I tiE THE REACTOR PLENUM VENTS, '3EC . = ! 90. 79 
THE PUMP FLOIJ RATE lll£lt. THE PLENUM IJENTS, GPM= 5:306. 
'!HE T! !!E THE 5 FOOT LE'JEL IS REACHED, "·EC. = 11 . 7C:: 
T~E TIME THE BALL VALVE BEGINS TO OPEN. :3EC. = 12. 7S 
THE T I 11E THE 8ALL IJAL UE I S FIJLL OPEN . SEC = ~2 . -:'8 

"•EACTOR REACTOR ECS LSAK 
TiME LEIJEL I.JOLUME IJI)L IJOL CORE FLOw 
·;Ec. 

10.:3 
11. :2. 
12. '3 
13. :; 
1~.8 
H~ ,•, 
• -·. ·:0 

11:·. :3 
17. ~~ 
1:3. ,, 
19.:3 
20.:> 
:I :3 
22.8 

24 .a 
25.8 
2e.. :3: 
27.8 
28.'3 
29.::: 
:30.:3 
:31.:3 
32.-S 
'?3. 8: 
;:4. ::: 
35.:5: 
4(1. s 
4'5 a 
50.8 
55.:3 
60.:3 
r55. 8' 
70. :~ 
75.8 
:31). :3 
::.5.8 
·~1), :3 
95.8 

100.:3 
!05.8 
1!0.S 
115.:3 
120.8 
125 .•3 
130.8 

INCHES 13ALLONS I}AL GAL 
70.00 
59. 18 
49.815 
42.85 
.37. :3·~ 
34 . .30 
31.66 
::9.-;"2 
28.24 
:27. 12 
25.31 
-.11;" ..,.., 
-·.J .. i. 

2'5. :?.5 
2'5.2:3 
25. 12 
:::5.02 
24.93 
24.84 
24.75 
24.57 
24.58 
24.50 
24.42 
24.34 
24.:7 
22.90 
:::.3.56 
;2:3.24 
22.93 
~2.65 
22.40 
22. 17 
21.96 
21.80 
21.67 
21.56 
21.49 
21.43 
"21.38 
21.34 
21. :)2 

21.29 
2 t .28 
..21.27 

10820. 
9608. 
:3500. 
7783. 
-,.;-;.., ......... 
6825. 
6531. 
t•:314. 
5149. 
60:3. 
':.9~!3. 

5873. 
5841. 
5:3215. 
5812. 
'5800. 
5789. 
'5778. 
'708. 
5759. 
5749. 
'5740. 
5731. 
'5722. 
571:3. 
5704. 
'5663. 
'5625. 
5589. 
5555. 
5524. 
'5495. 
5470. 
'5447. 
'5428. 
5413. 
5402. 
5393. 
5387. 
5381. 
5377. 
5374. 
'5372. 
5.370. 
5369. 

. 1)0 

.1)0 

IJ. J)!J 
. 1:3 

1.20 
2. 1.3 
:3.:33 
4. :31] 
5.53 
:::.53 

1>) 81) 

13.33 
13.:33 
13.33 
13.33 
13. 33 
t:3 . :33 
1.3. 33 
13.33 
1:3 :33 
1:3. 33 
1.3. 83 
t:3. 33 
13.33 
1:3.33 
1:3.33 
1:3 . .3:3 
13.33 
1:3. :33 
13.33 
1:3.:33 
13.33 
13.33 
13.33 
13.33 
13.33 
13.33 
13.33 
13.33 
13.33 
13.:33 
13.33 
t:3. :33 
13.33 

125.00 
115. 12 
91. '39 
64.24 
46.65 
"34. :38 
26.97 
21.:30 
19.05 
17.05 
15.89 
15.25 
14 93 
14.77 
14.152 
14.50 
14.38 
14.34 
14.32 
14.30 
14 23 
14.26 
14.24 
14.22 
14.20 
14. 19 
14. 11 
14.07 
14.04 
13.99 
13.93 
13.37 
13.82 
13.76 
1'3.M 
13.59 
13.53 
13.49 
13.45 
1:3.42 
13.40 
13.39 
13.33 
13.:37 
13.:36 

' ' 

94ZCIO . 
90964 
~...,"::.,"i· 
"J ..... J ... 

69459. 
59212 
51166. 
45083. 
40863. 
:3:?.809. 
37680. 
37104. 
"3718Q. 
38041. 
"37720. 
.37432. 
.37172. 
::ens. 
36855. 
30814. 
36774. 
36734. 
35090. 
315658. 
36621. 
36584. 
3'5549. 
30403. 
:36.324. 
36250. 
35163. 
36033. 
35910. 
35810. 
35690. 
:35495. 
35345. 
35229. 
35139. 
35069. 
:35016. 
34974. 
34942. 
34917. 
:34898. 
34883., 

' 

GPM 
28200. 
2667:3. 
.::290:?' 

14480 . 
11895. 
9998. 
:31557. 
7·~03. .,.-......... 
·~~.;;.. 

6920. 
6644. 
6500. 
64:30' 
6368. 
15312. 
6261. 
6243. 
6234. 
0225. 
6217. 
6208. 
6200. 
6192. 
6184. 
6177. 
6145. 
151"28. 
6112. 
50'~3. 
6065. 
6040. ' 
6017. 
5991! 
5949. 
591,6. 
5891. 

'5857. 
5845. 
5836. 
5829. 
'5824. 
5820. 
5916. 

I 

' 

I 

I 



D 
1 
0 
a 
~ 
a 
a 
~ 
il 
il 
il 
;) 

Q 
a 
D 
a 
~ 
a 
a 
a 
a 
a 
J 
a 
a 
J 
a 
c 
a 
Q 

a 
D 
Q 

D 
~ 
0 
a 
J 
0 
c 
a 
0 
n 

" il 
Q 

·D 
D 
a 
0 

~:oDE T') (HL(!)LNTE ?.EMCTi)A TF-.Ar;~. \ EHT·:. FC'.P, ··-(l(.A~· 

: N: T; .:,L LEAK !=;ATE' ;:,PM= '75000' I] 
E(S FLOW RATE, .:,F·r-1= S 100. I) 
CALCULAT li)NS ARE MADE FOR PL¥: REACTOR ARE.AS 
THE TiME THE REACTOR PLENUM VENTS, SEC = 2':' 28 
THE PUMP FLOU .RATE UHEJ't.THE PLENUM 1JENTS. GPM= 6015. 
THE T! t!E THE 5 FOOT LE1JEL IS REACHED. ·;EC = 11 . 72. 
THE T I tiE THE BALL VALlJE BEGINS TO OPE!j. ;Eo:.= 12.7:3 
THE TIME THE BALL l!ALVE IS FlJLL OPEN, SEC.= -.,. 78 

REACTOR REACTOR ECS LEAK 
TIME 
·::EC. 

LE'.JEL I.JI)LUME l)i)L I)I)L CORE FLO~ 

1 • .-. 
I .0:0 

12. '3 

·~ ..... ,_. ·=-
16.:3 
17 :3 

19.8 
.... ,.. 0:0 ...... ·-· 
::1 .:; 
, .... 0 
~ ....... . 
;;: . 3 
24.:3 
2~ s 
26.8 
27.3 
28. '? 
29.8 
30 8 
31.8 
?2. :3 
"3:3 ;3 
34.8 
.35.8 
~0.8 

45 . .3 
S0.8 
55.::: 
50.8 
65.8 
70.:3 
7'3.8 
30. '3 
2-5. e: 
90.:3 
·~5' 8 

100.:3 
105.8 
: 10. a 
11'3. 8 
1.::0.8 
125.8 
t:30. 8 
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APPENDIX 

Leak Rate Calculation 

The leak rate for a double-ended pipe break adjacent to the plenum 
inlet nozzle is circulated 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 
considered. 

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 

where PL • total head loss, ft of 020 
hs • head at point of line break, ft of 020 
hL • loss from broken pipe, taken as one velocity head, 

ft of 020 

(1) 

The pump head for the system flow is 430 ft of 020. For the K-12.3 
subcycle, total pump flow for six systems is 149,400 gpm and is split 
as: 

Fuel flow • 141,400 gpm 
S•Foil 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 
020. For this subcycle~ the plenum pressure is 71.9 psig (no 
blanket gas) or 151 ft u20. The plenum gradient of 20 ft of 020 
is added to 151 to obtain the heaa·at the edge of the plenum. The 
value for hs is 

h8 • 430 - 171 

• 259 ft 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 i.483 X 1.23) 
. - I 

• 45.3 ft7sec· 
I 

hL • 1. o v2/2gc 
/ 

• 31.85 ft of 020 at 25,000 gpm 

where 60 • conversion from minutes to seconds 
7.483 • .conversion from gallons to cubic feet 
1.23 • area of 16 inch pipe, square feet 

' I 
At this point, the total head loss for a number of flows is calculated 
using equation 1: 

PLI• (FLOW/24.9)2 x 259 + (FLOW/25)2 x 31.85 
I 

where1 FLOW • system flow in thousands of gpm 

The,point at which the total head loss and 
head curve from Reference 4 is 28,500 gpm. 
subtracted from this value. It is assumed 
supply is proportional to flow to obtain: 

pump 
The 

that 

flow matched the pump 
septifoil flow must be 
the septifoil pressure 

(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 pumps must work against the 
head from the piping leading to the plenum (hB), the plenum pressure 
(151ft of 020 for this example) and the leak loss (hL)• The 
calculational technique first calculates a flow equation coefficient 
from 

c • P/(FLOW)2 

For each of the three items contributing to the head loss: 

Plenum Leak Ct • 31.85/252 • 0.05096 

Core Flow Cc • 151/(142.8)2 • 0.007405 

System Flow Cs • 259/(149.4/6)2 • 0.41774 

(2) 

(3) 

(4) 

(5) 



The next step is 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 63ft. Th!~lenum gradient value estimated to be 16ft to give 
a delta-P value of 79 ft. For the plenum head at the plenum leak 
location, equation 2 calculated a plenum 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-Pas determined 
from equation 2 is 315.3 ft. 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 compared to what is 
possible from the pump head curves. Iterations are continued if 
agreement is 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 gp~was determined by 
assuming a constant plenum pressure and using the'V noulli equation 
with loss terms to calculate flow from the plenum ozzle. With this 
assumption, the -previous leak rate from the plenum was approximately 
47,000 gpm which combined with the line break flo gave the 75,000 gpm 
value. 

I 

L 


