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Containment of loss of coolant accident (LOCA) in fusion reactor
— Numerical calculation of the pressure rise due to in-vessel LOCA —

Yuko HirouATA, Tomoaki HinO, Toshiro YAMASHINA
(Received July 14, 1995)

Abstract

Active cooling components have to be employed in the divertor of a fusion reactor to
handle the large power flow from the core plasma. The extremely large thermal stress and
electromagnetic forces acting on these components may cause cracking of cooling pipe.
Since the inner wall and the vacuum vessel are significantly damaged by this loss of coolant
accident, LOCA, the control scheme have to be considered. The process of in-vessel LOCA
was investigated, and then several control schemes such as the use of expansion volume, the
use of shielding shutter and the use of heat sink were suggested. In addition, the pressure
rise of the vacuum chamber due to water leak was calculated for the scheme to uses of the
expansion volume and roughing pump systems by using the parameters of ITER/CDA. The
pressure rise in the vacuum chamber can be controlled within designed pressure of chamber,
e.g., 2 atm, when the pinhole diameter is less than 1 mm. When the expansion volume is
assumed to be the same size as the chamber, the time period until the pressure increases up
to 2 atm becomes 3 hr when the pinhole diameter is 10 mm. The pressure can be decreased
to 0.2 atm by using a roughing pump system.

1. &L & IC

Rl EIF Tld 574 8 — 7 EICRENSET S BEaM 2 5 o 2 SR RS 2 3E L, BIOMW/m?
DEFHEEBREL LD 5EB L R TFHIE 21T SV, BEARIEE X BN EER T, ZoHEaY
RNVETHRBELEVEARE LN, T4 AT 7Y a VEO L S R B E R BRI 30
S TG E IR S A TR L, SEIM R A EI (Loss of Coolant Accident, LOCA ) 3%
£325 2 ENFHIENS, LOCA IZEZAEMBEN (In-vessel LOCA) & BZEHF A (Ex-vessel
LOCA) CHETHHDIKINTE 5, LOCA BHLET 5 LGEHM OABEBRRCHH EN, B

VEF LR R R A TR
D ERE RS RIS



8 JEMEF  HEFREA - (URHEER

DB TKERRE R DV BEBNOENNLEREL, DLIIIHEZERRIENT ) 77 A0S
EENTTANREBHICODNE I EDNELOND, ZOLIBRERBRIESRVETDH, K
RO LY 75 XA E L BEL VFBRNEOERE L2673 ,.76- 7, LOCA
BEEESIFEOREM, BB, 77 AHEY F VA DT B TBRO TEETH 5, ITER

(EBEEEEF) OBEE S (EDA) T2 LOCA OFMERABEE > TE Tw 5529, LOCA DY
F U Z ORI LOCA ~OR IR OB SN TR L HERBRTIICDFED 2
VER—FZ Y FOBRHETOI DY LOCA NOMIREREERAWEZ 208N 5,
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Direct process of LOCA

Large thermal shock due to excess heat load during disruption
and normal phase with loss of heat flux reduction scheme

Large electromagnetic force in current quench phase due to
eddy current / halo current

Cracking of plasma facing material and failure of brazed layer

Loss of heat conduction such due to void formation
and ex-vessel loss of coolant accident

¥

Moderate process of LOCA

Reduction of mechanical strength of heat sink material,
such by corrosion and neutron damage

Reduction of thermal conductivity of both heat sink material
and plasma facing material, such by erosion /redeposition,
neutron damage and corrosion

Fig.1. Process of Loss of Coolant Accident (LOCA) in a nuclear fusion device.
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7o X ROBETHY, BAEEERERL, TA4AT 7y arPBRESIAHENE, 7
AAZ Ty arE COREE —SFEM TR S &, lom ¢ @ pinhole 7 Z v 75 DK —7 %
RE LGS, ZOEHEIE msec DA —F—tkh, GEHETT A AT 7Y a vidEET 39, &
DN—FRF4AAZ7Ya LD REZBER BRI r DIFENEE LD, HD 0
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ITER/CDA
Three Coolant Systems
(HPFM(Plasma Facing Materials)

FW(First Wall) Coolant: H,0O
Coolant Temperature=50-150°C
Coolant Pressure =1.5 MPa

Divertor Coolant: H,0O
Coolant Temperature= 50-150°C
Coolant Pressure =3.5 MPa,,,,

(2)Blanket
3)Vacuum Vessel
Cooalnt: H,0O

for operation: 100°C
for baking: 150°C

Fig. 2. Coolant systems of ITER/CDA.

ITER/CDA T 3 DDBHBRHEEEZLTHBY, WIhORKTHL—K, ZXBLE— by
BT B 300N —TFOEHZ 55 T3 (Fig. 2) SRS TS EHIM T TN TR TH D,
KIENF50~150°C, KIES A /N— % TI3EKR3.5MPa (355/F) L& L Tw3, LOCA DR
1%, LOCA OFALZHT, ML L CFEOERRITICL > TRELER S, Z0dINhs 2H8E
L7z LOCA O#IEI %% 2 2 BN H 5 ,Fig. 312 LOCA OO Y+ 4 2F L, 27, LOCA
DFERSIEE, IRIRXT, ROA—F—RECL>TTHAPPIBEL, 75X, HHEB
FUBERBOFENEROBE» SHELZ2HL 2, I X OED S 1, In-vessel LOCA Tldse
Wb kS IE TS A< i3 T 54, Ex-vessel LOCA TRRAM 2 EAT % HE
B NBEILERPFE 2 DBBERH L, £, FAN—FHBOREDI DRy —VT 4T Y%y
F—ERATHIEDELONE, BERTIE, BHEL B HR0OKOMEE O, BHIEERN
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DEHLERERI T 201213, WERSNOKBELOES LY, t— b7 X KROEER
EWNEZOND,

Detection of LOCA
(Spectroscopic method, IR Camera, Bolometers etc.)

¥ v
l Cooling System J ] Pressurization of vessel
1

Active termination of discharge || Stop of water leak Relief of water
Gas injection, into expansion volume
Sift of plasma position by RF coils Cool down for failure
region by using backup Condensation of water

Passive termination of discharge cooling system by heat sink

increase of impurity

density level Water spray into core Evacuation of water

by roughing pump

Insertion of shielding shutter y

Y v v

Repair of failure parts by manipulators
Conditioning for in-vessel components

Fig. 3. Scenario of the containment for LOCA.
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3 BIRE R T oI £, LOCA F4ED %M L LTI, in-vessel @ primary loop T4 U7z pin hole
o, APAKERE L TEEFENKCY -7 55, 2O, 17X normal operation 1 &5 5,

FE-T, 79 X~k LOCA OFE LA ELET 2, 22T, 77 AvWAMES Y —KR T
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LOCA 23544 3 &, A T300~5008E TS 1 /N\—F OEMBEIZT00~800°C{E T3 % &F
HLTw3?, &5 ITER OITEEE (EDA) TR A N—F ~O#E- B TFEFRZERL, 2O\
ErTT2HABBEENT RS, £72, #— K> K DEERIGRIZS0CCTRHAS TS &
BB, ZITHE, ERBIES COBLUVHORETZWLDE L,

HUEHE 113 ITER/CDA THE SN T BERH W (Fig.4), T4bb, LOCA OFLESH
X5 AN FERT, BEIM OKEZBRETH 53.5MPa, KEKEEIZ100°C L L, pinhole DE
B 1~100mE L3RI, H-oC, JITREEBIVELERBOBDEREIIMEL L,

BHEABIIR S TETOY 7 FOED2ED 5 L I1FI1Z3000n, K> 7 OREHEBELHE (Setr)
1X700nt/s TH B, Ziz, BEOFHEIE, 22~47Pa/m/s TH 5,
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Coolant

Coolant : H,O

Break coolant system : Divertor

Pressure of coolant :3.5 MPa
Temperature of coolant: 100 °C

Break diameter of pin hole:1, 10,100 mm

Reactor

Major radius :6 m

Minor radius :2.15 m

Vacuum vessel volume :1600 m?

Free volume :1600 m3

Total volume(contain ducts):3000 m3

Conductance of pipe :1000-1500 m3/s

Effective pumping speed: 700 m3/s

Pump system: Cryo pump (Operation)
TMP (Conditioning)

Fuel flow rate :22-47 Pa = m3/s

Condensation of stream and chemical reaction
of graphite do not occur.

Fig. 4. Parameters for numerical calculation (Example: ITER/CDA).
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Pv(t) = <P0 — S?ff) exp <_%€—t) + Séif ................................................... (1)

2ITQRY =7 LikZERDOWE [ke/s] TH Y, pinhole DR Alm'] 12 KA EHE (= L HER
HE) TAET2EEZTHE L, 22Ty BAROHEAL TR 3 BEFHTFOLELLL.33%H
wize 7z, WELCCOKRDEE (p) 21X107°ke/em® & Lz,

Q= Ap /'y kfnT = A JypP [Rg/s] orererrrrrrmmer i 2)

BUEEFEIC X QE% Pa-nf/s DEALIC 2B LAWK RA LTz, pinhole DEZE%0.1~100mm & %
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9, BERBENOENL, MBIOZEAI & > TIEIF(G-6) X10Pa BETHF SN TV b t=
0DEFR T LOCA %4 T 2 &, (VR > TENBEAT 325, WTFhOBEZEDORTH LOCA
FEBAMLUNT—EDEN LR D, ZOENRROEREBKEVIZEE k5, »E, HER
BOFEHEN 2RETH S LT 5 L, Ry 7OHEKFEENEML 2T HIE100mn ¢ D7H &K
SONHHEINTHTDEBREIFBL AN NS5, LELENS, EERICAVERY
TOHESHE L, FEI5510Pa LEOBEIC R 5 & BEICHESEEN T D, 100Pa TF —ROF
Ry IR EBELELTLED, £77, BLELEVWETHOSRBOAESTATIC L > THEBT A2 L
DBEZLND E>C,1im ¢ 2HA L EBFB/NOENDRBC LA LTLES> Z B FLL5NS,
ROEEINEL L, RBOMETH 228EAEE T, EFHC AT 2 e FEEINS,

r Designed
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Fig.5. Pressure rise when effective pumping speed is kept constant after
the occurrence of LOCA.

3. 2 WREBAKEREZENLIHE
2T, Ry 7OBRFE(=10Pa) itk 3 L, R IREDRDINANVT R UHRRELEL,
BRA IR ER RS T C L BF L6 5, BRERIVEZEAS LR CHHE (=3000n) & U7z
HOEBRHNOEN EROEMEFE e RS I HRERE TO/A D257 5 2 Coe1~1500
m'/s LB E XTIz, I DOHEOEREB N RNLALKESDOIE I,
Qp:Cp(PV_PE) .................................................................................... (3)
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Py (t) = I}Q t— ./(: Qe (t) dt + Py

v

Vv

15 . . .
< 10
[a W
e
)
pe
=
0
n
]
=
=
D
B
o 150 m®/s
>
1500 m3/s
0 50 100
Time (s)
Fig.6. Change of vessel pressure when expansion volume is
opened. Break diameter of pinhole is 0.1 mm.
108L @ —o - =300 hr
Break diameter
1050 =] mm i
= E
%’ 1ot - O £ a-‘3 hr
§ 2 10 mm
Q 103§ 7l
E
= C
107 |
: 100 mm
101 { $ ¢ s
1 10 100 1000
Pipe Conductance (m¥s)
Fig.7. Time period until vessel pressure increase up to designed

pressure (=2 atm) of the vessel as a function of pipe con-
In the case that water vapors flow to the expan-

ductance.
sion volume after the pumps were stopped.



14 [RIEET - BB A « IUBHRED

Fig. 61 IXE0. lnm®D pinhole DEZEFBNOENELER LI DD THZ /4 7Qar 5 sy
VAMKEWE—EETIRZRAT A5, 5000E & CEIZERE &Nt 5, BEREASAIKE
Q[EELTH, HEPSEOLEN LA E, FRHROMEETEE TS I L TFHEEINS, TE
FCOREE A 7D 75 v ADBRE Fig. TR T,V 7 ¥ VAN SWBEEFID
R 2228, FIE—E T, ROEEN I 0mTDH IFHT28TEL2BITLED 2 L8005,

3. 3 FREI&RTIZLBKRETOHER

T, BEMERBZIEET, E3& Ry I TEMCKESEHS T2 2E21 2, B
Sla Ry 7OHSEE LREa VY75 v 2R T, AEFBOEN ORI 5E
HAETo72, ZOK, BEABL—DOONA TELTREI VI 7 I ADHICANREE LT,
ES, BBEOICBT 2 EHHESHEE S\ > TR EAL LS XRD LS cEb s 5,

Py(t) = <2><105_SQV) exp (__TS_}‘_’V“ZL) +§Q; ................................................ (5)

Fig 83, 75| & K 7O EYHERGHEE £50m'/s & LIc L SOENELER LIS DTH S,/8
ATDayy AL sTIRIZFECERZRL, EEI0mOITIE, 2508 T 2 KHEH»50.2
R[EEFTHETIEL I TES,LoL,100mm ¢ TIRHIOKEZTERELTLED Z 03555,
KB EHROIRS &R > T2 AT 2REORBRADFREEN D LD W REREERD
ERHEIFTE RV, E7, BEUMEOEELEZ 2 TRRE LR,

S, =50 m’/s
106:— : 0;?000; 0' @ I @ @ ; —
: Break diameter=100 mm
2atm
105 3 i
;@ AAAQAAAAAAAAAAAA A A A A A
S 10% L) 10 mm 7
2 °
]
E‘ 10% o i
F Sps— 1 mm
ST C®oggogscsoe © © © © O
17  O0lmm _
‘(Z 500 1000 1500 2000
e B

Fig.8 Pressure rise when roughing pumps work after the pressure
exceed designed pressure of chamber.
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BREEIFNT in-vessel LOCA BREE LB EOKESC I 2EN LEZHEHE L2, 20
R, (UROEEWNESSENLEBSR G 7PORREUTREEE2 L5055, Y—VT 4
VIV Yy S =L D EBREEEOREE LS S EN TR MR 2SI 2 2 L 3HRETH
5, LWL, (QROBEBKELZo0BER, Ry 2B UARREEESSCEST I LI
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Lo THERMEE COEN LR EENE T2 0ENH B8, ZOHERAPZEEOEE
25 % ORFREFE T i 10m ¢ O TH IFEEETLL BRI WS o, 72, Q)F &R
Y7EAVTOHRKEEHENIATRETH L LI,

- T, LOCABFEEL BT E— b7 THHIL, AL L TEHEL &0 iE LOCA 124!
HTEROHDEEZ S5NB,ITER/CDA TR 7I XHEHMEOH — R > DKMEALRIEIMET
T 5H9800°CE THEEROBE 2B T 3 ¥ 21213, §9200~3000h025 LHEL TWwb, Lizh
5T, ZORENTOEIBFRMELTICR S &5 CHET 5 LB 8D 5, Z0%IE, KOF
TEET 2L WO Y FVABEZ SND, Tz, FFKEKTIH 2 &ZEICS 5EEZ1200CTH
56, FHREORESRCCUTTHENEIHERI L EEZ SN,

Heat Sink Expansion volume
7 9 L La—1 non-condensed
Q = gases
@ : é H,O Vapor
' Drain

Cp| | TMP

Fig. 9. Containment of LOCA by using heat sink and expension volume.
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S0, HEBEHEROREAY 2 VEEBE(LHD) D/ 85 X —F — %\, LOCA 450
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