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THE PLANT THERMOHYDRAULIC ANALYSIS
FOR THE MONJU PRA STUDY

Recovery from PLOHS or LORL Using the Maintenance Cooling System

Akira Yamaguchi', Toshiyuki Hasegawa®

Abstract

In this study, decay heat removal capability of the Maintenance Cooling
System (MCS) of Monju has been investigated with respect to protected accidents.
The protected accidents of the Liquid Metal Fast Breeder Reactors (LMFBRs),
such as Protected Loss—of-Heat—Sink (PLOHS) or Loss—of—Reactor—Level (LORL),
are of great importance from the viewpoint of the annual frequency of core
damage. The progression of the protected accidents is mild in general because
reactor decay heat can be dispersed from the core by natural circulation. '

The decay heat for Monju is to be removed by the Intermediate Reactor
Auxiliar'y Cooling system (IRACS). It is essential to keep the intactness of
coolant flow path from the reactor core to the heat sink and the availability
of heat sink itself. If the either of them 1is degraded, it is taken for granted d
that protected slow meltdown follows. However, the reactor core can be prevented
from any damage or meltdown if the decay heat can be removed through MCS.

The plani thermohydraulics of the procected accidents is analyzed using SSC-
L. to develop success criteria in the decay heat removal by the MCS. Parametric
calcutations are pefformed with respect to: available heat capacity in the heat
transport system, cooling time before the loss—of—heat—sink and MCS starting
time,

It has been found, for example, that 1) MCS can remove the decay heat
immediately after the reactor shutdown if heat capacity of more than itwo main
coolant loops is available; 2) after two hours cooling time by natual circulation,
MCS can remove the decay heat even if no coolant flow is assumed in all the
main heat transport system; 3) LORL caused by the failure in sodium make—up
can be recovered by the MCS operation. In the PLOHS condition, the coolant

temperature may exceed conservative design limit of the MCS piping. However,

1 O-arai Engineering Center, Reactor Engineering Section.

2 Customer Engineers Company
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the conservativeness of the design limit and the method of qualification make
compensation for the deterioration in structural strength.

Finally, the system event tree for the decay heat removal and maintenance
of the primary sodium inventory have been proposed based on the proposéd

success criteria for recovering from core damage.
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K2 -1 AUTFF o RAEHRBEOBRIELR

et EIVEINETY
LKA 7 o R G HA B | 1.24%10° kg/hr
2RA T F 2 AGHR RS 1.23%X10° kg/hr
2RA LT F 0 ABHFE R HGERREEL 18 | 1500 No* /min
AT F 2 AR L IRIGHEE e : e
RHFERARE | 250 G F

D LIRA T 4 o A R i s B 1

| VRAL T 9 2 AR L 7 8 2

| 2UA LT F U R RS I 1
2UA VT F o ARHRE RS ISR B 2
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LR {FEIRE
LIRA T F v A HA BRI ' 34.44 kg/sec 0 kg/sec
2IRA T RIEHRBERE 34.17 kg/sec | 10.28 kg/sec
2IRA VFF v AR ER AR RE 20,56 kg/sec 0 kg/sec
Fw b LY 244 °C 200430 °C
AT F AR S HERRE
I— N LY 200 °C 200130 °C
Hy bLT 233 °C 200430 °C
A FF AR 2 PG R - '
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(a) FFIFES- TRz
i ii | 1
E 10 - S mEE | & | R | EEEmERE
i | [ (m) (m) (m) (m) (‘C)
i | ! i
AR \ 2 | 11481 | 0.0 0.1023 | 8.22E-3
i — | 550
2] 2] 3| 08 0.0 |
F l i ! I
C3 3] 4 5129 4 -5.129 | 0.i%Z | 1.89E-2
L4 4 5| 380 | 0.0 i
.5 5 6 2523 | -2.53 320
66 T WER 0.0 i
—_—— _ :
&R 3.442 | -7.652
i ; ! |
(b) FMRETIAG - FFIFEH
TR & A | BS (m) |SES(m) | ME(n) | BEE | SEEmRE
(nf) (°C)
1] 1] 2| 05 -0.5
21 2| 3| 4.763 0.0
3| 3| 4] 1.365 -1.365 0. 1552 1.89E-2
4| 4| 5| 105 0.0
51 5] 6] 7.1 0.0
300
6 { 6| 7| 0.839 0.0
71 7| 8| 3.756 3.756
8| 8| 9| 4.3 0.0
9} 9| 10 | 1.17 1,176 0. 1063 8.87E-3
10} 10| 18] L9 0.0
1L ] 1t | 12 | 8.806 9.806
2| 12| 131 .17 0.0
13 (13 14 ] 9.1 0.0 ' -
0.1023 8.22E-3
4 | 14| 157 1.8 -1.83 550
15| 15| 16 | 0.953 0.0
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51 5| 6/ 3.00 0.0
61 6 7| L072 1.072 0.1063 | 8.87E-2
74 7] 8| 13.050 0.0 - 300
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8 | 8| 9 | 13.900 0.0
9| 9| 10| 1.05 -1.055
10 | 10 | 11 | 3.98 0.0
11 | 81| 12 | 10.464 0.0 320
12 12| 13| 0143 | -0.14
5 59.399 [ -10.802
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A CGhy P LIRD FTOEEBE, BRABEHO
HEICFERY 5,

ZINE | o | TEEREHES U LARITTOAOEBOORES, | 2.20
B AERNOFEICERY 5,

Z1RKC m ERIGHEEF B U2 A0 S PEEEEER 2K | 17. 281
A (I—N FL7HED) FTORBE. BREIR
HOFE{ERT 5,
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&DRACS
L1DRAC =1,
F1DLOP=1.0,

S1DRCS$=9999949,0,
TINKHR=506.,15,
TI1NKCR=462.15,
WiNKR=34,17,
TiNAIR=517.15,
TtHADR=473.15,
Y1KNI=0.0191,

- Y1XND=0,0217,

T C1NTB=174.0,
STAUN=31.60,
STAUK=14,7778,
S1TAU=18.668,
Z1UPL=-0.275,
Z1LPL=4.09,
710H%=3.40,
Y1NAH=38.022,
YINAC=61.491,
ZiNAH=-4.,07,
ZAINAC=0.54,
X1NA=0,1023,
X1DHSL=0.029,
N1EMPD=4,
P1EMPD=0.0,0.1,1.0,1.0,
T1EMP0=0.0,1.0,120.0,95%999%9,0,
PIREFP=211327.0,
M2EMPD=4,
PREMPDR=0.0, 0.0, 1.0, 1.0,
TZEMPD=0.0, 5.0, 120.0, 9%9999.0,
P2REFP=352878.0,
A1DHX=0,11,
PLFCD=0.0,
W1NAR=34,44,
218TAK=15.1,
A1STAK=3.61,
F1DRK=0.0,
F18TAK=-392.0,
WiAR=20.56,
T1A1R=313.15,
T1A0R=415.15,
N1DANP=8,
N1DCOS=6,
N1BFEN=2, |
R1AREA=D.05,
R1DFIN=1.0,
R1DCOS=1.0,
NiFAHH=4,
P1{FANH=0.0, 0.0, 1.0, 1.0,
T1FANH=0C.0, 10.0, 120.0, 99999%.0,
Y1DHTR=3.330,
Z1NKH=15.651,
ZINKL=17.281,
Z1NHY=2.20,
Y1NKC=64.999,
Y1NKH=48,531,
YiNHTB=22.23,
Y1NK=0.1023,
X1NHTB=0.0276,
A1NHTB=0.025128
TiNKH=473.15,
T1NKC=473.15,
T1AI=313.15,
f1A0=313.15,
T187=312.15,
WiMK=10.3,
WiA=0.,0,
WiNA=0.0,
T1KAL1=473.15,
T1NAD=473.15,
P2FAN0=0.0,
F1ORNK = 0.0,

Hz—12 SSC—-LOMCSART—%
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L1DRCS=6,
N1DRCS=21,
L2DRCS=11,
N2DRCS=23,
GiDRECS(1,1)=0.
G10RCS(1,2)=1.
G1DRCS(1,3)=1.
G1DACS(t,4)=1.
G1DRCS(E,5)=1.
G19RCS(1,6)=1.
GiDRCS(1,7)=1.
GiBRC3(1,8)=1.,
GIIRCS(1,9)=1,
G1DRCS(1,100=1
G1DRES(1,11)=1

G1DRLS(1,12)=0.
GiDRLS(1,13)=0.
G1DRCS(1,14)=0.
G1DACSC1,15)=0,
G1DRCS(1,16)=0.
G1DRCSCL,17)=0.
G1DRCS(1,182=0.
G1BRCLS(1,192=0.
G1DBRCS(1,20)=0.

G1DRCS(1,212=0
G20RCS¢1,1)=0.
GZDRCS(1,2)=0.
G2DRCS(1,3)=0.
G2DRCS(1,4)2=0,
52DRCS(1,5)=0.
G20RCS(1,6) =0,
G2DBRCS{1,7)=0.
G2BRCS(1,82=0,
G2DRCS(1,%)=0.

G?DRCS(1,100=0.
G25RC8(1,110=0.
GZORCS(1,12)=0.

G20RCS(1,133=0

G2DRLS(1,14)=0.
G2DRCS(1,15)=0.
G2DRCS(1,16)=0.
G2DRCS(:,173=0.

G2DRCS(1,18>=0

G2DRCS(1,192=0.
G2ZDRCS(1,20)=0.
G2ZDRCS(1,21)=0.
G2DRES(1,22)=0,

G2DRES(1,23)=0
&END

m2-

821942E-2,11.481,0.0,
891792€-2,0.850,0,0,
8917926-2,5.129,-5,129,
B91792E-2,%.827,0.0,
891792€-2,2.52%,-2,523,
891792€-2,10.632,0.0,
891792E-2,0.500,-0.5,
B91792E-2,4.763,0.0,
391792E-2,1.365,-1.365,
L891792E-2,1.050,0.0,
L891792E-2,7.100,0.0,
B874T6E-2,0.839,0.0,
887476E-2,3.756,3.756,
887476E-2,4.300,0.0,
8387a76E-2,1.176,1.176,
887476E-2,1.900,0.0,
BB74T6E-2,9.806,9.806,
BAT4T6E-2,1.170,0.0,
821942E-2,9.193,0.0,
821942F-2,1.830,-1.830,
L821042E-2,0.953,0.0,
88T4THE-2,0.794,0.270,
8B74THE-2,3.756,0.0,
887476E-2,0.845,0.845,
887476E-2,3.945,0.0,
887476E-2,3.901,0.0,
BBT4THE-2,1.072,1.072,
887476E-2,13.050,0.0,
BRTATEE-2,4.228,4.228,
887476E-2,1.3000.0,
88T7476E-2,8.550,8.012,
8874756€-2,7.000,0.0,
887476E-2,5.836,0.0,
LB8T4T6E-2,5.173,-5.173,
8874T6E-2,0.800,0.0,
887476E-2,2.032,-2.032,
887476E-2,0.800,0.0,
887476E-2,12.726,0.0,
LBBT4TGE-2,2,480,-2.489,
887476E-2,13.900,0.0,
887476E-2,1.055,-1.055,
887476E-2,3.981,0.0,
887476E-2,10.464,0.0,
L887576E-2,0.143,-0.143
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