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Heat and Fluid Flow in Accident of Fukushima Daiichi Nuclear Power Plant, Unit 1
- When the Isolation Condenser Was Working -

WAL RS RS M) & Shigenao MARUYAMA EB

An accident scenario of Fukushima Daiichi Nuclear Power Plant, Unit 1 is analyzed from the data open to the public.
The author assumed that the isolation condensers were partially functional at the initial stage of the accident. The
estimation describes that the rupture time of the pressure containment vessel was at 4:00 12/3/2011 and the rupture
area was approximately 8 cm in equivalent diameter. The estimation shows that the rupture time of the reactor
pressure vessel was at approximately 6:00 12/3/2011 and the diameter was approximately 5 cm. These estimations
are different from the ones by TEPCO, and have some discrepancy between measurements. However many measured
evidences show good accordance with the present scenario.

Keywords: Nuclear Power Plant, Accident, Heat and Fluid Flow, Isolation Condenser, Fukushima Daiichi Unit 1

1.4 AL, ABREN-T — X EREIIGHIL T 1 &
HEDBSRAHEE T 573, TEPCO THE SHTWAIFL A
FEOIX, Wi sEr CATRFEE VD) JV RET 2 J 030 0B FOEREEE THIL TV D,
DEHRAEXYING, REERLN LY, SROENEi7 AHOBEINL, T ETOREEFET, MIELGE
FroH D PRI 7R S 24T CE 72 W Y BREEE-S> TV 20572 O TIEARY, RROHEESL S
SFORBROT-DITIL, BIROEENREETH D, K < ORFEECAMIN 725, S BITEHEORIERS &
WEOHEENIE LD T2 E 9 NE KI10~30 %I FIFET DAL EA TS, TRHIZOWTIISH O
TIFERET DRI BN E 12D THA I, Ll i Gaafbizv, 72720, FEFAEKE (C) 1FElkaiz
FEMOFHIERDT-DIZ, 2 TRIEMES OFED 27K BATHZ LICL VL OFHIRERZFICE52 8%
I CIFFE R A BT 2, W Th D, IO FIIOR L HRPIEIZIE, B
HWOLE ) (TEPCO) X1 HAN N YDA Hilg b BUROIRR BRI LIETH D, T DI=OIZIT,
ERFULA 22Tl ARMERELS 4 FHTTR SO HEMARGT 5 2 L AR L E X 5D,
BHEN RN 570 8, SIMICHRENSEITL T\ D, . -
U 2 T AT AT St - Gy 2 PVBUROIRRAE
\ZE - THEM S, TEPCO O#HE LD & BIZ2MF EH ST, FRORERDT — # 2/ LT & 723
DHEAMEE S0, BoRoWE it 1EHIREIOK @ (HTC Repl5, 2011/0527)], LA F(HTC Rep. 15,
HONESRZR (RPV) MOIEMIZEZE (PCV) I 2011/0527) L itd, £72. ZHHD LaR— NI L=

TW5 & OGN H B, ke LT, B L7 e A L FioRd B,
V&l H I TR V=T b5 % gy
FEPIFOUBHRRAR L & HIAEI T 50 P(r) _ 0.066[ 2~ (1, +1) | "
T, FHEEOTERS CIRDREOREEN A S1D, 13

ZZ T, PIW]IFAREEEN B [W] Il isR s o4
B, ¢ [SHF IR S ORGEIEE, ¢, [s] 134k

AL ML EE, T980-8577 UETHHFIEX H

211, BULREF AR AT EHECEFIRAR T Do 1 1ZBL Tl TENIES CRABUG
E-mail: maruyama@ifs.tohoku.ac.jp FIEDTWARRNTE E /200, I RESL D 2

EINTERR, BEIZIE, 00D 4 50 1§00z sz

93



R£% Vol 11, No.3 (2012)

LT, 4 A 7V THNTHIT, 22T Q)EsdE
DEFEEZER L, QL0 1 SR LN OBRENS 4
2=y O t, DL Z D &N D 2 DOMEIZ L
0 . BB L0 MR RN 2 ¢ =1.74 [year] &5
Hi7=

Fio, RQO)EEST D 2 LIk W EROREICRIT 5
HRAEZABELLZENTED, DED, RRIE
0, DliFrAckans,

0, = P(r)dr
:oxmzag[ﬁﬁ—ﬁ3+gx+5f8—(g+qfﬁ]

KQO)OHEEEIE, BIAEHEREREDO I TH Y | i~
DIRBEFSRRIZ LD | FEEBOITI SO E DHET D,

2

30 3.0
| —— Decay Heat, Eq(1) [MW]
25 L © Decay Heat (TEPCO) [ MW ] 425
= = =Total Energy [ TJ ]
O Total Energy (TEPCO)[TJ]
20k === \Water Evaporation [ton])/1000 J20

Decay Heat[ MW ]

0
3M1

Fig. 1 Comparison of decay heat and integrated energy in
RPV

%] 1 I ZAREEEADRERS I L & 2 OFEME R & NSRSy
TR L FEOKROFEFRE R LTS, [T
FE /) (TEPCO) DABHT —# W DR L D%
T, WA IR K < —Bed B, ST I kiEAE
TORRHREE (19 930G)) & HASALOKIZE D%
IVERE: (59 460GJ) 7533F » ZE Z UMD AREED =
FNF—Llpolo b LTSN, K 470G) DIFER7e—=x
N TFEIFREREEN LT LE ) =R —Th D,
L, #EE 212t OKERAT D 2 SOIEF HIE KR (IC)
DFFERED NI 480G) T, IC BNEWNNTUVVZ D L= x
INFR—NT U AFRNET D, LonLl, BICEHIIS L2 IC
DOFRKBEOHEEREFI L 13Kk & < R0 T, IC D%
ENZONWTIL, 2D ORREZ R /2 T UTR B 720,
LU, 42 IR LTS K DI, ICAMEE L Tk
B2 D EHIAR O FHIFER B2,

94

3. tEiEER (POV) DR FYUA

3.1 MHHRE=4 —LIRFRER L DOBER
AEIOFFFH TIL, FEEHN DR TDOT —F 3G
LTV D DT TIF RV, BENHRRE D€ =% — 21T
S TS, Z DRI FH T Z > 7o % B
TR L CUWND, T — & 1% 2 FREEDJRIA T o4
—ERE G2 5, OFD, HEEI RSBV T A
JER I B> 5 (T HIBBJikt Y« RS Te— AT A
VELE RIS RS T AL LT
it S ERT DGR ETTH D, B K
A4 vl (DW) O (Rupture) <<k (S/C Vent)
DEHS FR- L. B A DTERROHEREEC k-
TG ESHER U, T A D& 37U
ZOWEBRDT D, ZOREHRE o O EFIX E
B O CREET D DT, i Ol
I IERECHEE CE D, ZHUE, EED A%
BT DSHFEOHER TR DR & 2R A — L D RETH Y
LRNDZLITEET D, OFD. ETORU—ITK
SRV I & RIREZN BSOS D,

ZNETHELIVTW DR FIF/ ST A= IARFERTH
0. FRIEMIMIOEE T — 213820, Ll R
SERIRIKNLT — & LIEFT— 4 % R~ TR
ORISR 25 2, OO LA RD Z L2k - T,
SR AR DORERIIBR A HEE S 2 Z LILTE 5, TOHEE
THEZHOWTEZNE TOLR— MCEER L TE 7,

3.2 BERHMEEOETESE

92 HiORLIZL 91T, FHEBADIRERY IR Kl T ET
EHEICRAE S D 2 LN TE D, JRFIFOHEEFIRAEDAE
BaEz 5L, EENIZRRE U TERSRD DA S
nHOT, AL ARG R Em [kgls] & RAED 5
ZENTE D, FEOEBIIEEFRELHHDT, &
BOBEERY T Ly Y a o F v N —DERE S &S
HWENE D, Lol RPV HEHESS DIW 8 %5 2 5 1E
EWHTCIL. ZhOORBI NSV EEZ BN, &
ZRNINDIETTZED 3 DU, L X —A O Tl
DMHEE T & H(HTC Rep.l5 2011/05/27), AkKTER O ifif

Am?] e snsM

©)

TIT. polPal IXEBNIES), py[Pal XSSO,

m=CA Zpl(po _pl)



PR X a5 — 7 IFEABPT 1 GHEF R DE BT R DHEE—EH ST EARZDEB) LT85 —)

pulkg/m®] I O NSTERS B DB Th D, A

U7 4 ADFREFRELCIIAD 04V 7 ¢ ZDH450.60 &
THILENTED,

JFEIZENRE 725 ERERDE N TERIC 2D, £D
RO R TR Sh D8,
m=CAp*a*

9 D 5 B 9 L
= Cdp,| - LI 'l (. y
po(l('-i—lj aO(K+lj (K+1] Poo

K

2 \a?
Feet
@)

Z 2T a[mis]IEEEE, ko I3RROHEET, I
100 COEIFIZEEOAE 1.34 ZEH Uiz, U270 134N
OfE, * IFHEEREAL R, 722l EETHA Y 7 o
ADFEEFREIHFHAY 7 4 A LRI U EARE LTz,

Z OFHE RIS il C& D551, kimo
AV NVAFDAGIRE L EEESE DTS AR L
TNWHZ LD, DFE D, A(QB)& @) CldbafEaHEE
L. ZAKGTESREZ TR 212 b 6T, i
WEDBIRWES 9 Z L13RQ). @) WFEESAIEL<
FORLCNDZ &IT/e D, ZORMEY SToRHEE LT,
JETHERDNEFED TP L. LA J NVRED+ oK
L, OEVEIEEN S AREORE S EFTHI L
DB L 70D, b L, BEDHIN TH L —HI
OFE DR O—FZ L U RS HRRBE LT 5855 T
X, BEWRERES B L 72 D Z EId R, DF 0 HIW
BROEETHDL LW IHOHEITGEIND Z 1Tk D,
ZAUT, MIOVBEDNZEAFE LY . /L DR
HAEKDNRIZY LTWA K 57—l (itdEo 1
ZE U CHEBRDMERT 5) 1ZE D v TldZen 2
EERLTWD, VLMD, iFEiTd 2FREDORE
THDHZENHEESND,

n
Do

for

3.3 BINESS (PCV) R R D HEE
2 1% BB SIREDOT T bRF A—2zkp R
T4 v (DW) D), AEB)EUNE) THEE L 748

95

oA OZA/mEL, WONCEfTE=2 U > 7R A

MZF1T D BRI DIRERF I L2 R LD, X 2
PO, £ LISEH L 1 SRS 235 LA
THEE L7 ClREE 7285 2R L QN D,

1000

0.4 |

Radiation Dosage [1Sv/h |

© D/W Pressure [ MPa] 401

& DWW Rupture Diameter [cm]i20
—+— Radiation Dosage [uSwh ]

| L
313

0.2}

0.01
314
12:00

0oLt AR |
3 3nz 314

12:00
Fig.2 Plant parameters, estimated rupture area of PCV

and radiation dosage
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Table 1 List of events occurred in unit 1,
*shows approximate time. (TEPCO) means fact reported

from ref. [4]

No. Time Facts
1 3/11 14:46 | Earthquake, Succeed in Scrum
2 14:52 | IC Start, Stop. Manual Start, Stop etc,
3 15:37 | ACand DC Power Black Out
4 *17:54 | TAFOm (TEPCO)
5 18:18 | IC MO3-AO, MO 2-A0 Valves Open
6 18:25 | IC MO-AO Valve Close
7 21:30 | IC MO-AO Valve Open
8 21:51 | Radiation Dosage Increase in R/B
9 3/12 04:00 | PCV Rupture (Estimate)
10 04:25 | IC Stop (Estimate)
11 05:42 | RPV Rupture (TEPCO)
12 *06:30 | RPV Rupture (Estimate)
13 07:00 | TAFOm (Estimate)
14 *08:15 | PCV Rupture (TEPCO)
15 10:17 | S/ C Vent Valve Open
16 14:00 | S/C Vent Valve Open
17 15:36 | Hydrogen Explosionin R/B
1.0 AR T T T T T
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Fig. 3 Plant parameters and estimated rupture area of PCV
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Fig.4 Plant parameters and comparison of estimated

water levels of RPV
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Fig.5 Plant parameters and estimated breakage area of
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