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B (154%)
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2. 2. [FHERDNL DR

v' When the water level is below TAF and the
temperature of core region becomes high,
there are some possibilities for failure of in-
core monitors.

v Of these, SRM/IRM and TIP are installed in

the dry tube which form part of the pressure ’ I
boundary of the reactor pressure vessel. IV, SRM/IRM
v' Therefore, failures of dry tubes result in gas 1 W
leakage from RPV directly into D/W. ===1|  dry tube
1 L — TIP dry tube
* In this analysis, we employed the T P e
analytical condition that the leakage will —
happen when PCT rise above 1000K. — 7
« (cross section of leakage hole: 1.4cm?) ?ﬁ K>
SRM/IRM ' | ff
drive /
coupling TIP indexing
eee mechanism
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2. 2. [HEEEM L DIRALN2/2)

v' When the water level is below TAF and the
gas temperature of core region becomes high,
there are some possibilities for function failure
of gasket seal used in the SV/SRV flange.

v Especially, upper temperature limit of
expanded graphite gasket is about 450

Degree-C.

* In this analysis, we employed the
analytical condition that the leakage
will happen when temperature of RPV
gas rise above 450 degree-C.

 (cross section of leakage hole :
13.6cm?2)

flange at
SRV inlet

eee
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2. 2. BT CIEERALEELGRTE (15#)

Assumptions

B After the Station Black Out due to Tsunami,
Isolation Condenser (IC) does NOT worked.

B [ he leakage from RPV will begin at the point that
PCT rise above 1000K and temperature of RPV gas
rise above 450 Degree-C, respectively. < |ssye(1),(2)

B [ o simulate the behavior of PCV pressure decrease,
the gas leakage from PCV will begin 12 hours, and
be enlarged 50 hours and 7O hours after Earthauake,
respectively.

9 TOKYO ELECTRIC POWER COMPANY
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2. 3. TR ([RFIFKEL:15H)

10 ; } l l 1
TAF reached ; ; L L L
Around 18:10 on March 11 ! —— Downcomer water level (analysis)
8 r——f i”’”’”””””””””””’””‘ ”””””” — Water level inside shroud (analysis) [~~~
BAF reached !
Around 19:40 on March 11 ~o- Fuel range(A) water level (measured)
6 - —o—Fuel range(B) water level (measured) ----

Reactor water level(m)
(@]
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2. 3. fRITHER (JRFIFEN 15H)

Pressure rise
slumping to th

RRYV pressure (MPa[abs])

10

4

Press
due t(
opera

2

0

Gas phase leakage from In—core
Monitors

due to molten\core
e lower plenum.

—RPV pressure (analysis)

-0 RPV pressure (A) (measured)

on MS lines. | | |

-0 RPV pressure (B) (measured)

\ Gas phase leakage from franges

| ’By employing the assumption of
+ | gas leakage from RPV, the
behavior of RPV pressure is well
1 |_simulated. 1

The pressure peak is observed in the
RPV flamaged calculation. This is caused by molten core
I drop from core support plate to lower plenum

re drop at one time. We think that MAAP model gave
tion

this unrealistic behavior.
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2. 3. EETHER (BRMNESRTEN 154#)

PCV pressure (Mpalabs])

1.6 ‘ ‘ ‘
By employing the assumption | —b/w pressure (analysis)
all of gas leakage from RPV, the | —S/Copressure @nalysis) |
. . D/W pressure (measured)
Gas phase leakage from In—core behaVIOr Of PC\/ Dressure IS - °
monitors. . ——S/C pressure (measured)
) also well simulated. | 1 1
. RPV damaged i i i i i
S/C venting i i i i i
N L R I ******* F F I SRR I
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; i S
0 1 1 1
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2. 3. BMERDFELD (15H)

<Summary >
- Water level reached to TAF : 3/11 1810 (Approx. 3 hours after
earthauake)

- Reactor core damage : 3/11 1850 (Approx. 4 hours after
earthauake)

- RPV damage : 3/12 1:50 (Approx. 11 hours after earthquake)

OAs for issue 1 and 2: By employing the gas leakage from
RPV directly into D/W, pressure of RPV and PCV are well
simulated.

OBecause of assumption for loss of function of IC after SBO,
The reactor core was damaged in early stage. The RPV
had damaged finally.

OUnrealistic pressure peak is observed in the calculation due
to limitation of MAAP model.

[Elel6]
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3.1 ER23FSAICARL-BITERICALONT-IEE
3.2 OB TERLEERRE
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3. 1. EZE‘ZZBESJEJL

YRLUI-BITHERICHLONT-ZRE

8 (25 H)

‘ ‘ SRV opens
RCIC starts up | } RCIC shuts down J
| | !

Reactor pressure (MPa[abs])

|| O Actual measured value
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**********************

ST By employing assumption of
gas leakage from PCV,
Calculated value of PCV

pressure decrease quickly,
but measurement keep high

pressure untjl morning on 3/15.

| | —D/W pressure (analysis)
L e akag e fro m | | —— SIC pressure (analysis)
SRV opens, sl | | ~O- Actual measured value (D/W )
D/W I S aSS u m e d / N\ | —O— Actual measured value (S/C) )

; (approx. 21

Calculated value of RPV
pressure does NOT
agree with measurement.

By employing assumption o /

gas leakage from PCV,
calculated value of PCV
pressure agrees with
measurement.
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3. 2. 25 DORCICOEELIKEE

-omeasured water level
el 3 n reference water b
| -ocorrected water level level container K \
6 ll(i) ‘ C lilllllllllllllllllllllllllll o
‘| (((«(s«“‘“((’m «c(((((«(((m((((((@(«(«@C.C(((((((@ ‘ I?J .
- measured under
T | high RPV pressure ﬂ[
@ i i L AP} ¥
A [ Tt ‘" piping at ref. w-|
= 3 } 1 container side
g - | | piping at
o | | reactor side [
c | b _____B AF BB
' 1 1 1 After correction, values of
Jdo N I ] measured water level agree with
maximum water level. Actual
s | i 1 water level may be higher than
1 1 1 that. Therefore, Two phase fluid
1 1 1 will flow into RCIC turbine.
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[@leEl
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3. 2. 25 #MDS/ICOHIKHE

The actual condition of torus room in unit 2 was not confirmed, but the torus room
in unit 4 is filled with water. And about half height of the torus is submerged.

If unit 2 was almost same situation, the heat stored in S/C would be transferred to
the water.

Also in unit 2, the torus room is now filled with water. re)oorted on 4/18)

TEPCO M‘ ‘TEPCO N

Water

Photograph
from cat walk
with the camera
looking down

Surface

aee
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3. 2. BT CHRALEELZRE (25H#)

Assumptions

B [ o simulate the behavior of RPV pressure, which is less

£

G

than the pressure of SRV activation, Two phase fluid will

ow into RCIC turbine with thermal energy almost egual to

ecay heat. e 5sue(3)

B The heat will be removed from S/C surface by water in
torus room. The torus room is gradually flooded by
Tsunami seawater through penetration from turbine
building. G s5ue(2),(5)

B [ he amount of injection water from fire trucks is set to
keep water level around bottom of active fuel with
considering hydrogen generation. < |ssue(8)

B [ o simulate the behavior of PCV pressure, Gas leakage
from PCV will begin at 89 hours after earthquake.

aee
€9 TOKYO ELECTRIC POWER COMPANY
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3. 3. TER (RFIF/KEL:25H)

10 ‘ ‘ : ‘ ‘ :
! - RCIC injection stopped (assumption) | | ~o- Actual measured value (fuel region A)
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! ‘ ! ! -o0- Corrected water level
l l e l
6 (&« «(‘((«u(('a«(m,é(««(@u.(«(«r@ O © m‘(@tﬁ‘(«(««(«r(«««"&«'ﬁo\‘ ! !
I @ I I
_ 4 e —— m((«('(“ IR @) (oY |
S TAF reached ‘
T>.> 2 ; Around 17:00 on March 14 : !
@ l l ' l
5 l l : l
£ of-—- e : |
= 1 ' BAF reached l
S | . Around 18:10 on March14 l
o 2 |TTTT T TTTTTTT T oTomoommomo ‘ l
('5 | | | [
o l l ‘ ‘
D: I I I I
571 e e o - g - ;
-6 l l T | l ‘ ‘ 1
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3. 3. #ITER (RFIFEN 25H#)

RCIC ménually activated
Void fraction at the core
declined due to injection from
water RCIC, leading to

| reduced reactor pressure
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3. 3. BITIER (BMEREN 25H)

D_)’ en IL)IU_)’II 1S Ll 1C c:lbbUl | IL)LIUI |

of heat removal from S/C, 3 § § o Actual measured value(D/W)
the beha\/lor Of PC\/ Leakage from D/W —o— Actual measured value(S/C)
| | | phase gas part _ .
= pressure |s Weﬂ simulated. "~ (assumption) DIW pressure(analysis)
B 08 " SRV manually opend ; ‘ ‘ — S/C pressure(analysis)
@, U | | | | | | | | | |
S ‘ ‘ ‘ ‘ ‘
o 1 {e— | B |
= ‘ ‘ ‘ 1 By employing the
= Heat removal from S/C | H
§ | was started with water assumptlon Of heat
Dosl - injected into torus SR removal from S/C, PCV
o room (assumption) 1 . .
T ‘ pressure rising due to
4 hydrogen and keeping high
= g pressure is well simulated.
£
[
[
(@]
(&)
> ‘ -/ ‘ ‘ ‘ :
G : A ‘ Ny : : : :
g02 L ffffPressure drop befere ffffffff N R
o = RPV entlng was T | ‘
NOT freproduced.
0 | | | | | | | | | | | | |

3/11 3/12 3/12 3/13 3/13 3/14 3/14 3/15 3/15 3/16 3/16 3/17 3/17 3/18 3/18
12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00

Date/time
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3. 3. EMTBERDFLD 25HE)

<Summary >

- Water level reaches to TAF : 3/14 17:00 (Approx. 74 hours after
earthguake)

- Reactor core damage : 3/14 19:20 (Approx. 77 hours after
earthguake)

- RPV damage : NOT damaged

OAs for issue 3: The behavior of RPV pressure is well
simulated by assumption of unusual RCIC operation.

OAs for issue 4 and 5. The behavior of PCV pressure and
maintaining high PCV pressure is well simulated by
assumption of torus room flooding.

OAs for issue 8 The maximum PCV pressure is well
simulated by calibrating inject water from fire truck.

OReactor core was damaged, but RPV was NOT damaged.
(So many information derived from operation conducted in Fukushima
site until today indicates a high likelihood of RPV damasge.)

eee
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4. IEHDEITHR
41 ER2IFESAHICARLI-BEERICANT-RE
42 EFOBITCIERLE-ELRRE
43 RITDBHFER
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4. 1. FR23F58 (24

YRLUI-BITHERICHLONT-ZRE

8 (35H)

10 \ T T T
| \HPCI shuts dowm | |

‘ reic'HPCI j C0r¢ damag(% begins Qapprox. 42 hours éfter)

Istarts ud
| l\l ’\

shuts down,

T
|
|
| | — RPV pressure (analysis)
|
|

| ~O-Actual measured value | |

1.0

Calculated value of PCV
pressure does NOT

agree with measurement.

1. measured values are higher
than calculated.

2. measured values are dropping
but calculated values are rising.

SRV 1 valve opens S/C venting /
T T T T
I I I I

— DI/W pressure (analysis)

i\
J

3/11 3/12 3/12 3/13 3/13 &.4 3/14 3/15 3/15

12:.00 0:.00 J 12:00 0:00  12:00

During pressure drop, step-like
behavior is observed.

(00 12:00 0:.00 12:00 0:00 12:00 0:00 12:00 0:.00 1

Calculated value of RPV
pressure does NOT
agree with measurement.

o
©

3/16 3/16 3/17 3/17 3/18

o
o

o
)

Reactor containment vessel pressure (MP

e
o

-0.2

| | |
Core damage begins

(approx. 42 Hours aftef)
| |

o
~
T
|

— S/C pressure (analysis)
-O- Actual measured value (D/W)
0 Actual measured value (S/C)
| | |

T T

| |

: ven:ting
|

I I I
I S/Cventing |
| ' |

I I I I I I
| l RPV damaged (approx. 66 hours after) |
I I I I I I

|
Instrument
DS/hunting
I

| |
I S/C venting

: S/C veﬁting
| (assumed) '
I

I I
: Reactor building explode:
| (approx 68 hours after)

e ‘Issue (7) \

311

12:00

3/12 3/12 3/13 3/13 3114 3/14 3/15 3/15 3/16 3/16 317 317 3/18 3/18
0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00  12:00

Date/time
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4. 2. 3I5HOHPCINEEIE/E

 From the interview with operators, It is clarified that HPCI had
been continuously operated under control by using test line.

 Around the same time, S/C spray was conducted by diesel driven
fire pump.

@maﬁa/] | TR
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10

RPV pressure (MPafabs])

0

Operation

state change
of HPCI?

3/11
12:00

aee
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3/12
0:00

3/13 3/13 3/14
0:00 12:00 0:00 ]

Date/ Time

m)

RPV water level(

| | | |7
As a possible operation,
rapid recovery of water level.
and maintaining of constant
vvater level are assumed

— e e o o — e e e e e m— — —

-4

3/11 3/12 o 3/13 313

12:00 0:00

Date/Time ™
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4. 2. BT CERALE-E4RE (35H)

Assumptions

B RCIC and HPCI will be operated continuously under
operator’s control to avoid start-stop operation due to

high or low trio water level. ¢ isge(6),(O)

B Realistic decay heat reflecting fuel loading history is

employed. s o (7)
BS/C spray will be activated by diesel driven fire pump.
(actual operation) issue(7)

B [ he amount of injection water from fire trucks is set
to keep water level around bottom of active fuel

eee
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4. 3. EITIHRR (RFIFKEL:35H)

Reactor water level (m)

aee
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10 T T T T T T T T
! PCI activated ! ! ! ! ! | . :
1 1 W 1 1 1 1 1 - | — Water level inside shroud (analysis)
g | RCIC stopped 777777 ~ HPClstopped =~ S - | — Downcomer water level (analysis)
‘ 1 l l l l l l 1 1 ~o- Actual measured value
SRV manually opend ; ;
61 | Iﬁjection off seawateﬁ stopped
40 ‘ l l Inject|on of seawater restarted l l l l l
2 | W e
! ! | ! ’i ! BAF reached ! ! ! !
I I A o I & I . I I I I
‘ : : i : 2 : Aroand 15.19 on Marcr‘1 14 : : : . TAF
oO-y————"——7———— > o I < 4
I I I .- I I I I I I I I
I I \" 4 : I I I I I I I I
I I I \(zb.. I I I I I | |
-2 |- TAF reached 0 - - @ﬁ’(“‘ @@ O——00—0-—0—-0—0-—@P-0—C0—-0O—CO-ED-0—0—0—-0—0O—
Around 9:10 on March 13 ‘ 1 l l l l l l
1 1 ‘ 1 : 1 1 1 1 1 . BAF
o — — o —— e e E— — [ — e e — — — ) — | e o e e o e e e e e e e e E— —
-4 B : : | I | | : : : | ; ; \L J\
ffffffff miectondwaersanes | T N
Calculated value of RPV ~ Injection of seawater restarted | | |
arted 1 1 : ‘ 1 1 1 1
Water ]eve] doeS NOT ! Reactor bqilding explosion | ! ! ! !
; Injection of seawater stopped ; ; ; ;
agree W|th measu rement | | | | | | | | |
-J.U L | | | | | | | | |
3/11 3/12 3/12 3/13 3/13 3/14 3/14 3/15 3/15 3/16 3/16 3/17 3/17 3/18 3/18
12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00
Date/time
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4 . 3. R (JRFIFEH:354#)

—RPV pressure (analysis)
—-0— Actual measured value

HPCI operation, the RPV pressure
7inoluding step-like behavior is well

RCIC stopped

10

([sgeledIN) ainssaud l101oeay

3/18
12:00

3/12 3/12 3/13 3/13 3/14 3/14 3/15 3/15 3/16 3/16 3/17 3/17 3/18
12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

0:00

3/11
12:00

Date/time
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4 . 3. BETHER (BINBEsREN 35H)

Primary containment vessel pressure(MPalabs])

1.0 : :
S/C spray started S/C spray stopped 1 ‘ ‘ ‘ .

| | S/C spray started | — D/W pressure(analysis)

; ; DIW tarted ; — S/C pressure(analysis)

l l spray starte 1 —o— Actual measured value(D/W)

| w S/C spray stopped

; ‘ D/W spray stopped ‘ —— Actual measured value(S/C)
08 | | | | ‘ ‘ ‘

0.4

0.2

0.0

SRV manuaily opend Q)

o | ®
Difference between’ . _
@ assumption)

measured and
calculated
value can NOT e |
be improved. 501 A
77777777 [ T T T T T T T T T T 7 10~ o (:’/ N

\ O 0’%(0 r: %’ (.‘g#("g gj ‘

D N i’ﬂz ,

: éé'g : .c'(c : .llo.‘ "%"' E‘f‘

4 1 \’.“l } |
i T4 /s e @ (assumption)

y” 1 o [ e @ (assumption)

,“". | T @ (assumption) |

value became almost same value

After S/C spray, measured and calculated

@: SIC ventihg valve épend
@:SIC venting valve closed

3/11 3/12 3/12 3/13 3/13 3/14 3/14 3/15 3/15 3/16

12:00 0:00

aee
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12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

Date/time

3/16 3/17 3/17 3/18
12:00 0:00

12:00 0:00
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4. 3. BBITHRERDFEED (35HE)

<Summary >
- Water level reaches to TAF : 3/13 09:10 (Approx. 42 hours after
earthauake)

- Reactor core damage : 3/13 10:40 (Approx. 44 hours after
earthauake)

- RPV damage : NOT damaged

O As for issue 6 and 9: RPV pressure including step-like behavior is well
simulated.

O As for issue 7 however difference between measured and calculated
value of PCV pressure can NOT be improved, measured and calculated
value of PCV pressure became almost same value after S/C spray.

O There are some possibilities that stratification in the S/C water caused
excessive PCV pressure rise. (INES had reported on 2012/02/01.)

O Reactor core was damaged, but RPV was NOT damaged.

(So many information derived from operation conducted in Fukushima
site until today indicates a high likelihood of RPV damasge.)

[Elel6]
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3.1 ER23FESAIZARLI-BFERICALNT-3RE
3.2 OB THERLEELRE

3.3 XFTDREITHEE
3EHDETHER

41 FER23FS5AIZARL-BIERICALNT-ERE
42 BFOEMCEHERALEELRE
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5. S1EDRAE 1 : Pl aRLE DT

« BWR has complex structure in RPV bottom
such as fuel support, CR guide tube.

 Every SA code has no detailed BWR bottom head model.

. 3

Modification of bottom head model is essential for improvement

Radiation
o® Conductio

Forefront Fuel Assembly "y
Core—> 5%
of CR o
guide tube T 20"
_ N y o 5 | Oo
= o 4 Lower Qiiadiaﬂon . QCHF i ow:
> Slenim 2 :
> y Qe Se ¥ ol Conduetion | o
-/ Particulate - Radiation Q o
o QOxidation CHF?
Fuel Support Layer®

Convection

Continuous Conduction ablation
Bed
L Debris :
ot d Pool
: ks ‘g Debris
a» Inlet Orifice Crust

e

Fig. 1 BWR lower core structure  Fig. 2 MAAP model for BWR lower core structure
ace
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5.5 & MDRE 2: 25 DD/W, SICIE HZEE(1/2)

8 : : ; T 1 3 RCtCinjection 0.6
~o- RPV pressure(measured) 1 3 stopg.ed and RgIC
— RPV pressure(analysis) _‘—I5 turbine tripped?!
RPV water level(corrected) RCIC Injectipn S
—=— D/W pressure(measured) restart? 0.55
€ ' | RCIC Injection ; | ‘
= ! sto ! !
) | \pped It |
> | | It |
@ | | 3 |
g | | :i | 1%° =
= | | i | 2
> | . - | S,
D- I I \i I g
x 1 1 ; . =
% — s = — = = i B’
26 f o : - 045 £
s | | 2
g | | 2
= | | =
° — o | = 2
5 i o—o—o0 a)
2 ‘ ‘ = = =04
%] | |
9 | |
o | | )
N | ! e o Sharp pressure rise
Q ! ' Gradual pressure rise
! due to contiqjuously steam 1 oss
: : exhaustin“g from RPV : ; '
| ' to S/C through RCIC 3
| \ turbine piping u n it 2
4 } L \: L L : L : L L L L L 0.3
S S S S S S S S S S S S S
& N & & S R & o S & S & &
- - - - ~ ~ ~ ~ ~ ~ ~ ~ ~
S5 5§ & & & g g 3 g 3 g 3 3
” ) > ) > ) > ) > )

-Regarding to RCIC operation, we are now considering a following scenario;
-RCIC injection stopped at about 3/14 9:00, but steam flowed into RCIC turbine continuously.
-(Note: In the official report, RCIC stopping was confirmed by observation of water level decrease.)
-For some reason, RCIC injection restarted around 3/14 11:30
-Maybe due to over speed, RCIC turbine was mechanically tripped and RCIC injection was stopped.

aee
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5.5 & MDRE 2 : 25 DD/W, SICIE HZEE(2/2)

9

0.8

-0 D/W pressure (measured)§
0.75 || ——S/C pressure (measured)
— D/W pressure (calculated)
0.7 | — SIC pressure (calculated)
—+— RPV pressure (measured)

0.65 [T==——==-=T == =-
0.6 [----=-=mmmmmmm e

055 |-

0.45 4

©
~

0.35

PCV pressure (MPa[abs])
o
w

0.25

0.2

0.15

0.1

0.05

]

I

\
1

;
& >——=

|
o 00— 0 ¢
O-0—0 O O «‘-0-‘0 S
- - - - - - = o

D
RPV pressure (MPa[abs])

15:00 18:00
Date

It can be described the behavior of D/W pressure drop qualitatively. It is not possible to say that relatively low value of
S/C pressure from 3/15 0:00 to 6:00 was due to S/C pressure gage malfunction.

Because of indication of OPa[abs](downscale), It is obvious that S/C pressure gage was malfunctioned at 3/15 6:00.
S/C temperature measured from 3/14 13:00 to 15:30 was under saturated temperature.

aee
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5.5 MNDERRE 3 : 351 DOHPCID EERIKEE

. E HPCI manually stopped

Predicted water level

Reactor water level (m)

2 0 3””*”””1: ffffffff -from two measured value.
1
0 | ——water level inside shroud(analysis)
—— Downcomer water level (analysis)
-1 | —o— measured water level
4 corrected water level(wide) .
2 corrected water level(fuel) |
A measured water level ? (
-3 [+ = = prediction of water level e Y,
i RPV pressure _________________________
4 I
3/12 3/12 3/12 3/12 3/13
12:00 15:00 18:00 21:00 0:00 3:00 6:00

Date/Time
* Inthe time line, HPCI was stopped by operator at 2:42 3/13.

« Comparing measured value to calculated value, it seems that HPCI injection did NOT work before
oo manual stop. In this period, RPV pressure is lower than that of turbine design.
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6. FEH
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7. (B3F)FERFBHT—ILEBEHEDOIRIR

 MAAPE#ThR (ver.5.0.1) . U, MELCOR (ver.2.1) IZ[&,
FEREFRET—ILOKNEDONEERE
B EARED 1A—ILHTFE
 BEFE—REMIZBULNTIE. FAFRET—ILIE
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7. (B3)@BAEH1/2)
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7. (*%)ﬁﬁﬁ%# (2/2)

To Refueling Room From equipment hatch y | 12.2m |
/]\ | |« >|
| N X
99m Spent Fuel Channel
(20channels)
CV300 evial { k |
Rack exit Cask exit o
CHG 7 CH7 2 CH8 /¥ CHO ZYCHI0
I CHI1 /¥ CHIZ /Y CH13 A¥ CH14 Z¥CHI5
— o~ o
o0 a0 oo
= = =
[ [ oo 11.8m
o = s ter level: 11.5 m)
g g g (water level: 11. ~43m
(®] (®] (®)]
I~ 1)
L/

14

O T ~17m

Fig.2 MAAP model
EEDMHEEZT RIRLT

Fig.1 MELCOR model

LR EFERBEARFET
Fyo R ILE D E Fyo R ILE D E

mELL. FOFHEETLERRAT AR TET L (ESHRAEY) |
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(B%&) s R (MELCOR)

2500 | Calculation was stopped
< —Non-LOCA at melting temperature
® 2000 | —LOCA
=
g l
2. 1500
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©
© |
% 500 y
c ,~
=
0
0 50 100 150 200
Time (days)
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7. (Z%) fEmiER (MAAP)

3000 |
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= 1500
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HEEEEEENENNE

HEEENEINONN NN e
T HESNENNTEEEEEEn
emperature (C)
Temperature (C)
.957 ' éé 46.231 226.41 406.59 586.78 766.96 947.14

/72,10

X-yAFRLRE 7 M
586,53 CFDEEMIZ LY .. EADAHDEH
THoTH. XK CIEEDEE
400.97 A Wt 2 ]
(RSFRIIZ1500WHARIZ TEE()
I275-47 7K7b\7g~L\i7JJ_A—C:E) :I:Y\./TJ fl]’C*‘
29.847

RRIZEV D DREMNTINDED .,
- MELCORfZ#T. MAAPfZ#T L
X277 FEREDRERELLOTVS,
;‘mrﬁn ?ﬁ CFDEEEIET TaL AT LXHER (STAR-CCM+FER)

©2012 The Tokyo Electric Power Company, INC. All Rights Reserved. 47

ace
€9 TOKYO ELECTRIC POWER COMPANY




7. (SE)VERAFRHT—ILEBITOELED

+ TREGORFADULETHOIIOD. SEIDEHFETIE, £

LoDEMA—FZRANTH, ERFBRHMT—ILOKIZE

2RO =5 R ZERAAIZKYFI450~850°CIEE T

RET DiaR
o T—ILDMENEKBENRRL-ZEICHEATS
RFEICKDKEEEN T, V3= LDOBRIERIGIZKY),
Iﬂ]llxb\ J:ﬁj—%)%i%

’ TOKYO ELECTRIC POWER COMPANY
i ©2012 The Tokyo Electric Power Company, INC. All Rights Reserved.

48



Fin.

ese
€9 TOKYO ELECTRIC POWER COMPANY

©2012 The Tokyo Electric Power Company , INC. All Rights Reserved.



JL"V— I‘ (S/C 5J]E]11i.)

12 130FLR ECERET HEEEN3/14 WA T7HFEE

BEEEEEEEEEREEEEREEEEN lljll BEPEREE RN
150°C f : 2 2
140°C

120°C

e e e

-
S

© 0.46MPa(3/14 12:00) TO EaF1;E #148.7°C
0.43MPa(3/14 15:30) T EaF1;EE 146.2°C.

RCERETIZ L

aee
€9 TOKYO ELECTRIC POWER COMPANY

©2012 The Tokyo Electric Power Company , INC. All Rights Reserved.



1F1 water level

T
1
—— Downcomer water level (analysis)

~o— Fuel range(B) water level (measured)

—— Water level inside shroud (analysis)
-0 Fuel range(A) water level (measured)

- = m m m m m m = oE m e om om om o= o= o= o=

3/13
0:00

T T
I I
” -
I I =
| | —_
\\\\\\\ k\\\\\\L\\\m
| B
| | a
I I =
| . g
| | =
| | Y
I I o
” -
, 8
““““ g
| I —
” - E
” ”
” oo
I I —
I I -
” L
\\\\\\\ 1l __d___(
o
o - : ”
S ' ,
it I o 1
=9 _ |
I & 1 I
Mw R ' ”
I 1 I
L © —
[, c 1 !
R AT S EEl SRR SRR R !
0 o ™
5% <8 _ | |
[ Jl_ ,B < ' | |
O™ | ' | |
— m T ' | |
<o m ! m m
1
=< | : | |
I I 1 I I i
\\\\\\\ Lo S P H —
| | | | | =
| | ' | | ™
I I ' I I
I I ! I I
I I I I I
I I [ I I
I I ! I I
I I I I I
| | ' | |
I I ' I I
| | ¥ | | o
I I [l I | ﬂ
o © © < © © o ™
1 1 1 1 1_—

(W) [2A3] J91eM J0JoeaY

20:00

12:00 16:00

8:00

Date/time
©2012 The Tokyo Electric Power Company , INC. All Rights Reserved.

16:00 20:00 0:00 4:00

12:00

o1

TEFPCO



RRYV pressure (MPa[abs])

TEFPCO

~1F1 RPYV pressure

10 ‘ ‘ ‘ ‘
. Gas phase leakage from In- l : :
| core Monitbrs : | —RPV pressure (analysis)
i i i i -0~ RPV pressure (A) (measured)
| - Gas phase Iqakage from |
! " franges on MS lines. | ~o-RPV pressure (B) (measured)
ol T e e e e S
6 | ; R oo e
4 ! . RPVdamaged o R o
Pressure drop | | | i 3
duetoIC ! ; ; ; ; ;
operation | l l l l l
2 777777777777%777777777777%7777 _ | | | |
F:‘ressure rise d;ﬁe to molten co
slumping to theilower plenum.,
0 | | |
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PCV pressure (Mpalabs])
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CFD#ETFER

Temperature (C) Velocity (m/s)
m 057.66 m— 6.344]
772.10 50761
586.53 M 3.8082
400.97 2.5403
21641 1.2723
29.847

0.0043893
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Plant conditions of Unit 1

ltem

Conditions

Initial reactor output

1,380 MWt (rated output)

Initial reactor pressure

7.03 MPa [abs] (normal operating pressure)

Initial reactor water level

About 4,187 mm (normal water level: TAF standard)

Number of active core node split

Radial direction: 5 nodes
Axial direction: 10 nodes

Burst temperature of cladding

Burst temperature of cladding tube727°C (1,000 K)

Fuel melting

Each melting point of core component materials or
average melting temperature of mixed materials

Spatial capacity of reactor
containment vessel

D/W space: 3,410 m3
S/C space: 2,620 m3

Water volume in S/C

1,750 m3

Decay heat ANSI/ANS5.1-1979 model
(Parameters are adjusted to obtain equivalent decay heat
to the results of decay heat evaluation through
| ree ORIGENZ2 by inputting fuel loading history.)

€9 TOKYO ELECTRIC POWER COMPANY
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Plant conditions of Unit 2/3

ltem

Conditions

Initial reactor output

2,381 MWt (rated output)

Initial reactor pressure

7.03 MPa [abs] (normal operating pressure)

Initial reactor water level

About 5,274 mm (normal water level: TAF standard)

Number of active core node split

Radial direction: 5 nodes
Axial direction: 10 nodes

Burst temperature of cladding

Burst temperature of cladding tube727°C (1,000 K)

Fuel melting

Each melting point of core component materials or
average melting temperature of mixed materials

Spatial capacity of reactor
containment vessel

D/W space: 4,240 m3
S/C space: 3,160 m3

Water volume in S/C

2,980 m3

Decay heat ANSI/ANS5.1-1979 model
(Parameters are adjusted to obtain equivalent decay heat
to the results of decay heat evaluation through
| ree ORIGENZ2 by inputting fuel loading history.)

€9 TOKYO ELECTRIC POWER COMPANY
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Outline of MAAP reactor pressure vessel model

S/R valve
Steam — )
dome e Main
W steam
‘ { To ECCS turbine
Standpipe and Iniecti
Upper down — T = | steam ‘separator -~ i;leCElgéS
. comer ] - - Fw, HPCI
ore spray o
A A
plenum Recirculation loop
Lower down Jet pumy
comer Core LPCI
/ HPSW
Flow from™ |
SLC Lower Recirculation
plenum pump
CRD Control rod drive mechanism
ECCS Emergency core cooling system
FW Feedwater system
HPSW High pressure service water system
LPCI Low pressure coolant injection
SLC Standby liquid control system :T\
g/R valve Safety relief valve Flow from CRD
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Time line of unit 1 (1/3)

Analysis Condition Classifi
No Time and Date Analyzed Events cation
1 |March 2:46 PM |Earthquake occurred O
11th
2 2:46 PM |Reactor scram occurred O
3 2:47 PM |[MSIV closed O
4 2:52 PM |IC(A) (B) activated automatically O
5 Around |IC(A) stopped ®
3:03 pm
6 Around |IC(B) stopped ®
3:03 pm
3:07 PM |Torus cooling with CCS (A) activated O
3:10 PM |Torus cooling with CCS (B) activated O
3:37 PM |Torus cooling with CCS (A)(B) stopped O
7 3:17 PM |IC(A) restarted A
8 3:19 PM |IC(A) stopped A
9 3:24 PM |IC(A) restarted A

9 TOKYO ELECTRIC POWER COMPANY
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Time line of unit 1 (2/3)

10 3:26 PM |IC(A) stopped AN
11 3:32 PM |IC(A) restarted A
12 3:34 PM |IC(A) stopped AN
13 3:37 PM |SBO occurred ®
14 6:18 PM [IC(A) system 2A, 3A valve opened, and ]
steam generation was confirmed
15 6:25 PM [IC(A) system 3A valve closed []
16 8:50pm |The lineup of alternative water injection u
to the RPV with Diesel Drivine Fire
17 9:30 PM |IC 3A valve was opened []
19 May 1:256am |D/D-FP stopped 7
12th
Around |[Batch injection of fresh water by the fire O
4:00 AM |pump (1300 1 of fresh water)
20 5:46 AM |[Injection of fresh water by the fire pump O

started

9 TOKYO ELECTRIC POWER COMPANY
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Time line of unit 1 (3/3)

9:05 AM ([Start of drywell venting announced to

press. O
(ignored)

21 2:30 PM |Regarding the containment vessel vent, A
oneration of AQO valve of sunpression

22 2:53 PM |Injection of fresh water terminated O

23 3:03 PM [Vent valve of PCV was closed JAN

24 3:36 PM |Explosion of reactor building of Unit 1 O
occurred

25 7:04 PM |Injection of sea water started O

[Elel6]

9 TOKYO ELECTRIC POWER COMPANY

TEFCO

©2012 The Tokyo Electric Power Company, INC. All Rights Reserved.

62



Time line of unit 2 (1/3)

Analysis Condition Classifi
No Time and Date Analyzed Events cation
1 March| 2:46 PM |(Earthquake occurred O
11th
2 2:47 PM [Reactor scram occurred O
2:50 PM |RCIC activated manually O
2:51 PM |RCIC tripped (L.-8) O
3 3:02 PM |RCIC activated manually O
3:00 PM |RHR operation by S/C cooling mode
to O
3:36 PM
4 3:28 PM |RCIC tripped (L-8) O
3:39 PM |RCIC activated manually O
5 3:41 PM |SBO occurred O
6 March| 4:20 AM |[Changed the water source of RCIC from
12th| - 5°00 am |condensate storage tank to suppression O
chamber

9 TOKYO ELECTRIC POWER COMPANY
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Time line of unit 2 (2/3)

7 March| 1:25 PM |RCIC stopped
14th (Official records)
8 4:34 PM |[Started the operation of pressure
reduction of Reactor Pressure Vessel (1 O
SRV open)
4:34 PM |[Started the injection of sea water O
throuoch the fire nrotection svstem
9 Around |Confirmed the decrease of the reactor O
6:00 bm |pbressure
10 7:20 PM |The fire pump stopped resulted from fuel O
run-out
11 7:54 PM |The fire pump activated O
7:57 PM |The second fire pump activated O
12 9:20 PM |By opening 2 SRVs, reactor pressure O

decreased and water level recovered

9 TOKYO ELECTRIC POWER COMPANY

©2012 The Tokyo Electric Power Company, INC. All Rights Reserved.




Time line of unit 2 (1/3)

13 Around |It 1s presumed that the 1 SRV was closed
11:00 pm

11:25 PM|It 1s presumed that the 1 SRV was
opened

March | 1:110 AM |It 1s presumed that the 1 SRV was
15th opened

2:22 AM It 1s presumed that the 1 SRV was
opened

> 1> D> D

14 | Mareh | Around |An abnormal soeund has oeceurred near
15th | 6-34-am |the suppression chamber, and the
o cide d :

O

’ TOKYO ELECTRIC POWER COMPANY
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Time line of unit 3 (1/5)

Analysis Condition Classifi
No Time and Date Analyzed Events cation

1 March| 2:46 PM |[Earthquake occurred
11th

O

2:47 PM |Reactor scram occurred

3:05 PM |RCIC activated manually

3:25 PM |RCIC tripped (L-8)

3:38 PM |SBO occurred

4:03 PM [RCIC activated manually

3|3 |OT |~ |0 DO

March|11:36 AM|RCIC tripped
12th

12:06 PM |S/C spray by DDFP started

Qo

12:35 PM |HPCI activated (L.-2)

9 March| 2:42 AM |HPCI stopped
13th

3:05 AM |S/C spray by DDFP stopped

O101 O [O|0f O |O|0[(0]O|O

5:08 AM |S/C spray by DDFP started

9 TOKYO ELECTRIC POWER COMPANY
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Time line of unit 3 (2/5)

7:39 AM |D/W spray by DDFP started O
7:43 AM |S/C spray by DDFP stopped O
8:40 AM |D/W spray by DDFP stopped O
-9:10 am

10 Around |Started the pressure decrease of reactor O
9:08 am |pressure vessel by operating the SRV

11 Around |Regarding the PCV vent, pressure O
9:20 am |decrease was confirmed

12 9:25 am [Started the injection of fresh water O

13 11:17 am |Regarding the PCV vent, a closure of AO

valve of vent line caused by the slip out
of driving air pressure was confirmed

O

0:20 pm [Injection of fresh water was halted in
order to depletion of water source

O

14 0:30 pm [Regarding the PCV vent, opening

oneration was imnlemented

9 TOKYO ELECTRIC POWER COMPANY
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Time line of unit 3 (3/5)

15 1:12 pm |Injection of water was changed from
fresh water to sea water
16 2:10 pm |Regarding the PCV vent, it is presumed
that the vent valve 1s closed
9:10 pm [S/C vent open
(Reduction of D/W pressure was
March | 0:50 am |S/C vent close
14th
17 | March | 1:10 am [Injection of water was halted in order to
14th sunnlv water to water source pit,
18 3:20 am |The supply to the water source pit was
finished and the injection of water
19 6:10 am |Regarding the PCV vent, AO valve of
suppression chamber side was opened.
11:01 am |Injection of water was halted in order to
hyvdrogen explosion
20 0:00 pm [Regarding the PCV vent, it 1s presumed

that the valve of suppression chamber

9 TOKYO ELECTRIC POWER COMPANY
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Time line of unit 3 (4/5)

21 4:00 pm |Regarding the PCV vent, it is presumed
that the valve of suppression chamber
4:30 pm |1injection of water restarted
22 9:04 pm [Regarding the PCV vent, it 1s presumed
that the valve of suppression chamber
23 | March | 4:05 pm |Regarding the PCV vent, the valve of
15th suppression chamber side was opened.
24 | March | 1:55 am |Regarding the PCV vent, the valve of
16th suppression chamber side was opened.
25 | March | 9:00 pm |Regarding the PCV vent, closure of the
17th valve of suppression chamber side was
confirmed.
26 9:30 pm [Regarding the PCV vent, the valve of
suppression chamber side was opened.
27 | March | 5:30 am |Regarding the PCV vent, closure of the
18th valve of suppression chamber side was

confirmed.,

9 TOKYO ELECTRIC POWER COMPANY
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Time line of unit 3 (5/5)

28 Around |Regarding the PCV vent, the valve of
5:30 am |suppression chamber side was opened.

29 March| 11:30 am |Regarding the PCV vent, closure of the
19th valve of suppression chamber side was
confirmed.

30 March| Around [Regarding the PCV vent, the valve of
20th] 11:25 am |suppression chamber side was opened.

9 TOKYO ELECTRIC POWER COMPANY
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Unit 1 Analysis Results — Core Conditions

T 1
# #
&B &R
l | Model of damage states
: No fuel (collapse)
: Normal fuel
: Damaged fuel accumulates (fuel rod form maintained)
Approx. 4.8 hours after scram Approx. 5.5 hours after scram : Melted fuel flows down the cladding surface and cools
and solidifies on the control rod surface, increasing
the diameter of the control rods
\:|: Fuel rod diameter further increases and flow channel
is blocked by fuel
1 T B : Melt pool formed
# 2
&B &R
| !
Approx. 7.6 hours after scram Approx. 8.6 hours after scram

aee
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Unit 2 Analysis Results — Core Conditions

T T
#4 #
%B:T: &R
| | - Model of damage states
: No fuel (collapse)
: Normal fuel
: Damaged fuel accumulates (fuel rod form maintained)
Approx. 96 hours after scram Approx. 120 hours after scram : Melted fuel flows down the cladding surface and cools
and solidifies on the control rod surface, increasing the
diameter of the control rods
|:|: Fuel rod diameter further increases and flow channel
is blocked by fuel
T 1 B : Melt pool formed
#4 #
1 !
Approx. 144 hours after scram Approx. 168 hours after scram

aee
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Unit 3 Analysis Results — Core Conditions

Approx. 48 hours after scram

|

Approx. 96 hours after scram

aee
€9 TOKYO ELECTRIC POWER COMPANY

TEFPCO

T
. mm
&R
l Model of damage states
: No fuel (collapse)
: Normal fuel
: Damaged fuel accumulates (fuel rod form maintained)
Approx. 72 hours after scram : Melted fuel flows down the cladding surface and cools
and solidifies on the control rod surface, increasing
the diameter of the control rods
|:|: Fuel rod diameter further increases and flow channel
is blocked by fuel
T B : Melt pool formed
1
!

Approx. 168 hours after scram
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Who decided the analytical condition for rod
fallure when PCT is above 1000K?

€9 TOKYO ELECTRIC POWER COMPANY

As you know the Van Houten report(NUREG0562) or
Post-BT standard by AESJ*, the analytical condition of
fuel faillure when PCT become above 1000K is
conservative.

Furthermore, dry tube failure at the same condition Is
too conservative.

We employed that analytical condition as just a typical
case of dry tube failure.

In fact, in case of 1F1, the temperature rising rate at
1000K is about 100K/min.

Therefore, the difference In failure criterion for PCT
does NOT make much of a difference.

Nuclear Technology, Volume 152, Number 1, 105-117, October 2005

*: S. Mizokami et.al., “Application of the Post-Boiling-Transition Standard to Licensing Analysis”,
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