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+» Overall




Fukushima Daiichi Nuclear Disaster

+» Safety Philosophy
® Nuclear reactors are designed to maintain safety based on a philosophy of
= Shutting down, Cooling down, Confining inside

0. Protect 1. Shutting down
- N e N

< Turbine

&

Condenser —

Suppression pool
9 valve (open)
Flow of steam
N / \_ m= Flow of water_/
Design mindful of the height of tsunami Emergency shutting down
and strength of earthquakes through insertion of control rods
Elements on the site of a power station are designed with provisions Control rods are swiftly inserted in emergencies such as major
for the onslaught of conceivable earthquakes and tsunami. earthquakes and the reactor undergoes an emergency shutting

down.
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+» Safety Philosophy
® Nuclear reactors are designed to maintain safety based on a philosophy of
= Shutting down, Cooling down, Confining inside

2. Cooling down 3. Confining inside

- N N

*In the event of station black out

Reactor building

Steam from pressure
vessel released when
relief valve opened goes
to suppression pool*

Isolation
condenser

High-pressure coolant

+ injection pump Prevent

spread to the
outside

Primary
Containment

Vessel r
Containment

Valve (open)
mm= Flow of water
== Flow of water (high pressure)

Flow of steam j \_ W,

% Valve (closed)

Condensate
storage tank

Radioactive materials are confined inside
with pressure vessels,
primary containment vessels, and the like

Cooling of the pressure vessel
through injection and circulation of water

Equipment for sending a large amounts of water into the reactor is
installed so that the fuel does not rise to high temperatures and the
reactor core is not heating while empty.

Protective walls are installed to confine inside radioactive materials
so that they do not get outside even in an accident.
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+» Safety Philosophy
® If cooling fails

If cooling fails...
If cooling cannot be performed, it becomes difficult to continue

keeping material confined inside.

Wat_er level in the pressure vessel fa”S: When confining inside fails, it leads to the release of hydrogen and
Ieadlng to core damage. radioactive materials to the outside.
4 Y

Reactor building

Pressure
vessel

Primary
Containment
Vessel
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*** Cooling system of Fukushima Daiichi Units 2 and 3
® The cause of the accident at Fukushima was the failure to “Cooling Down”.

® What does it mean to "cool" a nuclear reactor?

= The objective of "cooling" a reactor is
— To achieve a state wherein the reactor is stabilized at "cold shutdown”

= Cold shutdown

— Condition in which the temperature of the water within the reactor is below 100°C

® Decay heat removal capability should be provided with
= Coolant injection
= Depressurization

* Heat removal
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**» Cooling system of Fukushima Daiichi Units 2 and 3

High-pressure coolant injection

® HPC

® ADS

I/RCIC

Passive cooling system
Available in the event of SBO

Passive system
Available in the event of SBO

Water is put into the high-pressure
reactor pressure vessel to cool
the reactor core and maintain water levels.

Equipment name

Reactor core
isolation cooling system
CIC)

High-pressure
coolant injection system
(HPCI)

Depressurization

Lower the pressure of the pressure vessel
to enable low-pressure coolant injection
and heat removal.

Safety relief valve

Driving source [

Power source [

N

When it is possible to use
Emergency power SOUrces (c,oc)

Shutting down
(emergency trip by insertion of control rods)
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Condenser —»

* Primary Containment |
| il | Vessel

) Valve (closed)
mm Flow of water

== Flow of water (high pressure)

Flow of steam

/

+— Turbine

RCIC or
HPCI

-
/ | Primary Containment |
| | Vessel

) Valve (closed)
mm Flow of water

== Flow of water (high pressure)

Flow of steam

A

Reactor steam J Nitrogen gas under high pressure 1
DC power (for control use) } DC power (for control use) ]
Ssure
esslre essel
<— Turbine v [
@ =
@ I[I]m'"]mk Reduction of ®
Condenser — RCIC or reactor pressure
HPCI using the safety

relief valve

/ &; Primary Containment K \
Suppression pool
Most of the steam flows to the

_suppression pool, and pressure
in the pressure vessel goes down

&) valve (closed)
) Valve (open)
Flow of steam

()
Reduction of @
reactor pressure

using the safety
relief valve

P —
f " Primary Containment | - 3\
| i ! | Vessel &'
Suppression pool

Most of the steam flows to the
suppression poaol, and pressure
in the pressure vessel goes down

&) Valve (closed)
) Vvalve (open)
Flow of steam
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**» Cooling system of Fukushima Daiichi Units 2 and 3

® LPC|/ LPCS Low-pressure coolant injection

™ 1 Introduce water to cool the reactor core Transfer the heat coming from the reactor core
ACtlve SyStem and maintain water levels to water to release it outside

= Not available in the event of SBO

Make-up water

Equipment name Ci:i t"e %‘W condensate F|rehr\nf!¥teenc]:t|on contain [PL ', -_ '
. . systel systel conta ent ve
system 7
= Fire protection system was prepared.
Driving source L AC power 1 [[Hesel engmeJ AC powe )
( AC and [_JC power 1 [ bc E)wer AC
. R H RS Power source ‘ (for control use) (for control use”) (for contro
*Dedicated battery
= Active system —\
s , ,
. . g ) Injecting foolant with =
= Not available in the event of SBO 8s B ) oo fe
o 8 Cooling using
= the core spray
o g system ——
] (7] 2 Reactor coaling using the
—_ 0 p residual heat removal system
gl 8
O 3| 22 "
en t o o5
— @“a i ”‘\ Y. -\
[s] — B\ | Primary Containment f ' Primary Containment \
- . . ..E cl ) Vessel ( ] [ ) Vessel |
AC power is required. c 5| 88 .
25| 58
u— (1]
o [s] £ Oce
U g = mm Flow of water mm Flow of water
=
—
(@) X0
7]
C c
- >
O Injecting coolant through
: a 48‘ the fire protection system
= Presstre Préssu
L = ﬁ sse _— Primary essel
w > @© containment g
g = vessel vent
g c | ESR‘M“"‘H“,
[e] Diesel driven fire pump the suppression
] = is available for water [ omes aazed
= - injection even in the
@ o event of station blackout %
— ‘G - ®
-
c ,-// Primary Centainnjent K \ Brimary Containment
o { | Vessel { | Vessel
Q
()] l—q— * Operation of the valve requires
£ Iniecting coolant B AC power, so at Fukushima
c l#ﬂm ﬁrge engine | Daiichi Nuclear Power Station g Valve (closed)
= g this was addressed by using Valve (open)
mm Flow of water | a small generator. Flow of steam




*** Protection measures
® Shut-down system

® Cooling system
= Coolant injection

® Containment system

*s* Normal shut-down

® High pressure cooling:
® Low pressure cooling:

** Emergency shut-down

® High pressure cooling:

® Depressurization:

® Low pressure cooling:

Review
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**» Operation of cooling system in Fukushima Daiini Power Station

High-pressure coolant injection Low-pressure coolant injection

Depressurization : Depressurization

0 4 Primary
Containment Vessel

4 Primary
Containment Vessel
1

Reactor core Injecting coolant with

isolation cooling the make-up water

system (RCIC) condensate system Pressure vessel

Pressure vessel

@_‘ ® o ®
Depressurization of Reactor pressure vessel
pressure vessel pressure using kept at low pressure using
the safety relief valves safety relief valves

@) Valve (closed)

(9 Vvalve (open)

== Flow of water ¢ Valve (closed)

== Flow of water & Vvalve (open)
(high pressure) == Flow of water

Flow of steam Flow of steam

\ J \
Water level is maintained by the HPCI system (or RCIC system), and Water level is maintained through low-pressure coolant injection
pressure in the pressure vessel is lowered using the safety relief valve. (make-up water condensate system), and pressure in the primary

containment vessel is raised by transferring steam from the pressure
‘vessel to the primary containment vessel.
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**» Operation of cooling system in Fukushima Daiini Power Station

Heat removal

e : )
Primary == Flow of water
Containment Vessel == Flow of Seawater

Press Cooling of
suppression pool
using residual heat

removal system

Reactor core cooling using the
residual heat removal system

(P)

: i
Ocean

N J

By starting heat removal, the flow of steam from the pressure vessel
is halted while the primary containment vessel cools and its pressure
gradually falls.

High-pressure
"Cooling down” cool‘:llan‘tjlnjectlon Low-pressure coolant injection
process

Reactor water level [mm]

Reactor (pressure vessel)
pressure [MPa abs]

7000
6000
5000
4000
3000
2000
1000

0

10.0
9.0
8.0
7.0
6.0
50
40
3.0
20
1.0
0.0

Earthquake occurs (14:46)
First tsunami hits (15:22)

Fukushima Daini Unit 2 cold shutdown (18:00)

Water gauge over scale

Water level maintained by low-pressure coolant injection

Water level maintained by high-pressure coolant injection

0Omm = Top of Active Fuel *Convert wide range (+4,197 mm)
e e e e e T A O |

3/12 000 3/12 800 3/13 0:00 3/13 8:00 313 |I:III 3/14 000 3/14 800
00 /13 D00 3/14 400 3141200

311 1600 31218
3411200 . 3412 400 12w Sﬂiﬂm 3/13 400 3131200

3/14 16:00

3/16 0:00
314 0:00

|

rl Pressure in the pressure vessel falls due depressurization

lﬂ |Pressure n pressure vessel gradually falls due to removal of heat from pressure

vesse\]

[ | | \ | \
3/11 800 3412 0:00 3/12 8:00 34121600 3/13 000 3/13 800 3/13 16:00 3/14 000 3/14 800 3/14 1600 3/15 0:00
a1 2w A1 00 3/12 400 312120 3/12 0:00 3/13 400 3713 120 313 0:00 3/14 400 3714 1200 3/14 000
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**» Operation of cooling system in Fukushima Daiini Power Station

1.00
0.90
0.80 -
0.70

060 Steam generated in the pressure vessel flows in and pressure of PCV gradually rises 777

> Drywell pressure b Suppression chamber pressure

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

dog || .
0.40 ‘

Set pressure (0.38MPa abs)

030
0.20
0.10
0.00"‘|“""‘|'|'|'|""""""""""|'|

\
/11 16:00 3/12 0:00 3/12 8:00 3/1216:00 3/13 000 3/13 8:00 3/1316:00 3/14 0:00 3/14 8:00 3/1416:00 3/15 0:00
3/1112:00 3/11 2.0 3/12 4:00 3121200 3/12 0.0 3/13 400 3713120 3/13 0.0 3/14 4:00 3/1412:00 3/14 20:00

Primary containment vessel
pressure [MPa abs]

(Suppression chamber pressure) (Drywell pressure)
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*» Development of the accident

Summary of developments at each unit

® Loss of cooling function <= loss of power sources

Water in RPV ran out.

Fuel temperature rose.

Hydrogen was generated in large quantities.

Fuel melted.

RPVs were damaged.

PCVs were damaged.

Both hydrogen and radioactive materials were released into the reactor buildings.

3/15 06:14 Unit 4 hydrogen explosion

Unit 3/M 312 3/13 3/14 3/15
__3/1115:35 3/1215:36 __3/1411:01
Tsunami hits ™ Unit 1 hydrogen explosion Unit 3 hydrogen explosion
The timing differed at Fukushima B
Unit 1 Daiichi Units 1, 2, and 3, but each
naana went through the same process
resulting in the releases of hydrogen |__
and radioactive materials.
i Coolant injection continued aana
onitz ) Y e D I —
[ Hydrogen and __
B B
Unit 3

[ = === naoon B
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*» Development of the accident

Normal operation Containment isolation

SCRAM by acceleration measurement
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*» Development of the accident

RCIC IC Tsunami waves
Unit2 &3
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*» Development of the accident

* Decay Heat produces steam in
Reactor pressure Vessel
* Pressure increase

Core degradation stopped by sea water injection.
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*» Development of the accident

L,

Pressure
release

A

Pressure
release

Pressure
SN release

pump
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*»» Earthquake and Tsunami

® No damage from the earthquake to key safety features [Aiine areas with raciiities flooded e

at Fukushima Daiichi Nuclear Power Station

= Emergency trips were made.
= Emergency diesel generators started up.

® Tsunami arrived about 50 minutes after the earthquake.
® Coolant injection and heat removal were lost.

® A variety of damage was inflicted
= Spread of debris by the tsunami that prevented people o Air supply louver for emergency diesel generator

from moving around site. €) Turbine building entrance
o Component hatch

Height of Fukushima Daiichi Nuclear Power Station grounds and tsunami (illustration) L
Reactor building

=
-

:—; =
Turbine building, Control building
Flood route Vessel

Seaside area ! s Main buildings area

. - Measures for delaling with .
Maximum height | ¢5\;namj 46,1 m high completed _ Actua.l flood height
v [Units 1-4 side]

assumption of
tsunami: 6.1m approx. 11.5—15.5m

Human height {as 170 cm)

Maximum tsunami height ' H [Units 5, 6 side] f Power transmission
.............. 13 m above sea level pashssssssssessss approx. 13.0—14.5m Flood route #II,." cood route T iving facilities
Seawater pump o “;' B] i
6.1 m above sea level ! c%ﬁm

0m above sea level

Battery Power panel

[Units 1-4] 10 m above sea level (height of grounds) Emergency diese! generator
Breakwater [Units 5, 6] 13 m above sea level (height of grounds) o Turbine building entrance

o Component hatch

o Air supply louver for emergency diesel generator
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L)

L)

* Earthquake and Tsunami

The wave flooded and damaged the unhoused seawater pumps and motors of all six

units at the seawater intake locations on the shoreline, resulting in loss of ultimate

heat sink events for all units. This meant that essential plant systems and components,
including the water cooled EDGs14, could not be cooled to ensure their continuous

operation.

Section 1-1
Reactor building service floor

l\ Main control room (OP+13.6 m)

OP+5[.33 m Turbine building

Common spent fuel
pool building

== Water level

= 5 m contour line

@ Emergency diesel
generator

® Switchgear
® Batteries

Each unit had a pair of EDGs,
and Unit 6 had an
additional generator. Of
those 13 EDGs, Units 2, 4
and 6 each had one

that was air cooled. Since
they were air cooled,
operability of these
generators was not directly
affected by the loss of
cooling water caused by the
damage to the seawater
pumps.
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** Severe accident at Unit-1 .
Isolation condenser became
14:46 Earthquake occurred 15:33 Tsunami hits unusable due to the tsunami

The isolation condenser can perform cooling
just by opening and closing a valve. The valve
on the isolation condenser was opened and
closed to slowly cool the reactor core after the
earthquake. However, this valve was closed
when all power was lost due to the tsunami. It
could not be reopened for that reason, and the
isolation condenser lost its cooling function.

Reactor building Reactor building

Turbine building, Control building

Generator

Fresh water :
tank - j—

Cold shutdown process
in normal conditions

o - =
£ 2, 8 =
-3 1= T ici
r:»:g %.;E 'g EE E E Flectrictty v Conderler
= e OT/H
BE g 8 - 2, '8 Power
(= 2 [+ =) =1 v
0 82 supplied
o 5 | 5 — _5 PP Feed-water
S0 SE Lo g to L pump
m— —_— E _E' E g =] Bal ry 1 +
S § o o =£ o H
3 E= - 1S =
g bify 4 5]
[+ w &)

Fresh water
tank

pressure

Condenser

ressure vessel

(depressurization)

with diesel fuel

(emergency diesel generator)
coolant injection)
removal system
Cold shutdown

p

Power provided by
generator cperating
Lower pressure of
by the residual heat

Cooling continuously
with water (low-pressure

Cold shutdown process
in an emergency

Cooling (heat removal)

Cooling with water under

high p
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+» Severe accident at Unit-1 Hydrogen explosion

Hydrogen leaks into building 1 5 - 36 in the Unit 1 reactor building

Reactor building

Water vapor reacted
chemically with
zirconium on the
exterior of the fuel rods
and hydrogen was
generated in a large
massive amounts

WHydrogen QQM
o ) @

Zirconium

Fire engines cool by

Fuel exposure and
damage (heating while
injecting coolant

empty conditions)
Pressure vessel damage

Container vessel damage
Hydrogen leaks
into building
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+* Severe accident at Unit-1

All the inside containment isolation condenser valves (AC operated) would keep their position
when the AC power was lost, but they would close, by design, if the control power (i.e. DC power)
was lost to the protection system — for the line break situation — that would have sent

‘close signal’ signals to those valves. The position of AC-powered isolation valves has not yet been
confirmed by post accident investigations.

? ' Isolation condenser tank
?>> : [mo] V/ % [mo]
0k Gl A

—— Primary
containment

vessel
VAN,
A

Reactor = [ MO |
pressure Reactor

vessel recirculation B A

pump (B)
Core U

Isolation Isolation
condenser B condenser A

<
(o]
]

Reactor
pressure vessel

MO: Motor operated
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+* Severe accident at Unit-1

The shift team opened the outboard isolation valves from the MCR (remote-manually) at 18:18,
taking the chance that the other isolation valves were in an open position.

However, these indirect signs of an operating IC disappeared after a short
time. As there were questions concerning the soundness of the IC system, and as it was not
operating as expected, the outboard isolation valve in the condensate leg of the IC was remote-
manually closed again at 18:25, which was not reported to the ERC.

Operators found that the valve indicator lamps were lit sometime before 18:18. Not only MO-
3A_ which was controlled by operators for IC activation/deactivation and was left closed before
the second wave of the tsunanu, but also the IC supply piping containment isolation valve (MO-
2011-03-1118:18 | 03h32mn | Indications show both outboard IC valves closed. 2A), which was normally open was closed. Thus, operators inferred that an IC isolation signal 02 h 41 min
was generated during the loss of control (DC) power, possibly by the IC pipe rupture detection
circuit. It was corroborated that they were closed at the time of DC failure; thus, there was no
shutdown heat removal since then.

Outboard (outside containment) valves of Train A_ assuming that the inboard valves (which
cannot be controlled without power) were open since they would fail as-1s in the case of loss of 02 h 41 min

2011-03-11 1818 | 03132 min Operator started IC by opening the motor operated IC valves MO-3A

B AC power. They failed open since they were open at the time of the SBO.
) . _— . Steam was observed from the [C exhaust area for a short duration. It was reported to the station .
2011-03-1118:18 | 03h32mun | IC observed to be operating. ERC that IC'is fing 02 h 41 min
Steam that was observed from the IC exhaust area ceased. There was a doubt regarding the
2011-03-111825 | 03h39min | IC operation cannot be confirmed. integrity of the IC system. Possible causes were: inboard valves closed, IC tank inventory 02 h 48 min
depleted, line break, etc.

2011-03-111825 | 03h39min | Operator closed the motor operated IC valves MO-3A_ securing IC. = 02 h 48 min




+* Severe accident at Unit-1

Fukushima Daiichi Nuclear Disaster

Reading of the gauge in the reactor bualding. This pressure reading further suggested that the IC

03-11 20 5 i i ; ‘ i
2011-03-11 20:07 05h 21 min High reactor pressure. — 04 h 30 min
Established alternative water injection line from the fire protection . C - .
R i I e I T e e 04 h 53 min
i from APDs.
building.
cqca - DDFP operation switch was moved from the shutdown position in the MCE, having been . .
03-11 20-
ileleal disl e e manually held since placing the DDFP in standby earlier to prevent unintended start. bl
2011-03-11 20:40 05 h 54 min DDFP failed to start. Operators in the reactor building kept resetting the fault trip. 05 h 03 min
2011-03-11 20:50 06 h 04 mun DDEFP started confinuous operation. DDEP stopped tripping on fault. 05h 13 mun
2011-03-11 20:30 06 h 04 min Water injection not achieved. The pump head of the DDFP 15 7.9 bar. 05h 13 min
2011-03-11 22:00 07h 14 oun Increased reactor water level. An earlier reading was TAF + 450 mm. 06 h 23 mun
2011-03-11 22:10 07h 24 mun Reactor water level above TAF reported to government officials. TAF + 450 mm 06 h 33 mun
2011-03-11 23-00 08 h 14 min High dose rate reading in front of the north door of the reactor building 07 h 23 min
on the Ist floor of the 1B. e e e T e i B Lt e et il T T O I ]
- — — e dose rate insi reactor was extrapo o be ~ v/
2011-03-11 23:00 08 h 14 min High dose rate reading in front of the south door of the reactor building 07h 23 min
on the 1st floor of the TB.
1.2 mSv/h
. : _ o : Due to the rising radiation levels. ordered by the Site Supenmtendent. Radiation zone (restnicted .
2011-03-11 2 , : 3 =
2011-03-11 23:05 08 h 19 zun Entry to the reactor building restricted. 0.5 mSv/h entry) signs were posted at 23:33 and 23:50 on the north and south air lock doors. respectively. T
2011-03-11 23:50 09 h 04 mmun Temporary generator powered the dry well pressure instrument. -Small generator e 08h 13 mun
instrumentation.
2011-03-11 23:30 09 h 04 mmn Dry well pressure high. 6 bar The first measurement since loss of DC power. 08h 13 nun
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+* Severe accident at Unit-1

A. Normal operation B. After decompression boiling C. Decompression boiling + water level is below lower piping
Maintains reference level Reference condensing Reference condensing Reference condensing
water chamber Reference water level drops  water chamber water chamber

due to evaporation

-

Reactor pressure vessel Reactor pressure vessel

After rapid decompression etc

Reactor pressure vessel

(normal pressure) Sharp pressure drop
+

Jabnormal water level drop

PH PH’ PH,
_________ v — Y
Pressure difference meter Pressure difference meter Pressure difference meter
AP =Py =Py AP’= P~ P, AP"=P P
Measured water Measured water level appears Measured water level always
level matches with higher than actual water level due appear _h‘gher than actual water
actual water level to drop of reference water level level without being affected by

actual changes in water level



+* Severe accident at Unit-1

Fukushima Daiichi Nuclear Disaster

In the MCR. operators assembled piping and instrumentation drawings. accident management
procedures, valve drawings. and a white board. The operators began to develop a procedure for

2011-03-12 00:06 09h20mun | The Site Supenntendent directed preparations to vent the PCV. venting, including how to manually operate the valves, and the associated sequence. Operators 08 h 29 min

collected the equipment needed to perform the evolution, including fire-fighting turnout gear,

SCBAs, dosimeters. survey meters, and flashlights.

PCV pressure (DW)| Government confirmed the completion of evacuation. Evacuation for residents within a 3 km
_ . ) . = design pressure | radius of Futaba and Okuma Towns was confirmed as being completed, reconfirmed at 01:45. .

2011-03-12.00:30 09h44min | Evacuation of the 3 km zone completed (5-28 bar) Completion of evacuation to start the venting was agreed with the Fukushima Prefecture 08'h 33 mun

authorities.

TAF+

2011-03-1202:30 11 h 44 mun Reactor water level reading taken. C&: 153;33 mm. | The reliability of these readings are questionable. 10 h 53 min
2011-03-1202:30 11 h 44 min Maximum (recorded) contamment (DW) pressure. 8.4 bar Subsequently, the pressure decreased. 10 b 53 mun
2011-03-1202:45 11 h 59 nun DW pressure decreased. 2 bar Pressure stabilized between 7 and 8 bar (700800 kPa) afterwards. 11 h 08 nun
2011-03-12 04-00 13h14min | Water injection info the reactor by one fire engine. One fire truck’s inventory was pumped through the FP line. 12 1 23 min
2011-03-12 06:50 16h04 min | METT issued the order for contai A Venting of both Un_.n:s lrand 2 containments was issued in accordance with the Act on Special 15h 13 min

Measures Concerming Nuclear Emergency Preparedness.
2011-03-1207:11 16h25mn | The Prime Mimster arrived at the site. — 15h 34 min
2011-03-12 08:04 17h 18 min | The Prume Minister left the site. — 16 h 27 min




+* Severe accident at Unit-1

Fukushima Daiichi Nuclear Disaster

2011-03-1209:04 18h 18 mun | Start of venting. — 17h 27 min
The control room operators formed three teams to perform the venting, with two operators on
Team 1 (of 3) was dispatched to manvally open contai i vent each team (one to perform actions and the other to assist by holding flashlights and monitoring
2011-03-1209:04 18h 18 min L as dip ¥ op dose rates and for other safety concerns, such as ongoing aftershocks). Because there was no 17 h 27 min
valves (motor and air operated). o i = )
means of communicating with the field teams, the decision was made to dispatch one team at a
time, with the next team leaving only after the preceding team returned.
2011-03-12 09:05 18h19min | Commencement of venting conveyed to the public through the press. — 17 h 28 min
Effort for suppression chamber venting
2011-03-12 0924 18 h 38 min 'J_'eam_? (_of 3) dispﬂt.ched to ?.l.‘ta.t'.lllall}' apen the suppression chamber The control room operators formed three teams to perform the venting, with two operators on 17 h 47 min
vent valve for containment venting. each team.
. - . . The second team of operators was unsuccessful m the attempt to manually open the suppression
2011-03-1209:32 18 h 46 min fj‘ n_ﬂilzt::lfnf;ﬁg L e R e e e chamber air operated vent valve. The operators entered the torus room but had to turn back 17h 35 mun
Y i because they expected they would exceed the 100 mSv dose limut.
_ : The first attempt to remotely open smaller (bypass) air operated .
2011-03-12 10:17 19h 31 nun e e ] 18 h 40 min
Operators attempted to open the suppression chamber AQV remotely from the MCR utilizing
2011-03-12 10-23 19 37 min The second aFm_npr to remotely open air operated suppression chamber remdu_al Ia.tr pressure m the mstrumentation air system and temporary DC power supplied by 18 b 46 min
vent bypass valve failed. batteries.
2011-03-12 1024 19 h 38 min The third arte_mp-t to ;emotely open air operated suppression chamber 18 h 47 min
vent bypass valve failed.
2011-03-1214:30 | 23 h44 min g:;jffe EEE A R T T T A N B Tnferred from the following PCV pressure drop (sometime between 14-00 and 14:30). 22 h 53 min
2011-03-12 1430 23h44min | Venting co ced. The venting and release of radioactive material were confirmed through an mdicated decrease 221 53 min
1 containment pressure.
2011-03-1214:50 | 01d00h04m | Contamment pressure decreased. Due to successful venting. 230 13 min
Explosion in Unit 1
2011-03-1215:36 | 01d00h 30m | Explosion in Unit 1. The explosion damaged seawater injection and 480 V gnid setup. 23 h 59 mun
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+* Severe accident at Unit-1

Blowout panel of Unit

2 had been dislodged,
Hydrogen gas hydrogen gas flowed
MPa e outside of the building
(abs)
v ] I
_ Hydrogen explosion time | m D/W pressure (MPa abs)
= e (3:36 p.m.) . S/C pressure (MPa abs) Pushed up shield plug Plume
- Blowout panel
0.8 — b 3
.l h :x’/ Fuel exchange floor 5F 55;/ Reactor vault
L= ] ./
L o —
Equipment storage pit 3
0.7 a {l \‘ Spent fuel pool
! 4k Containment vesse! (SF pool)
& flange
']
0.6 = s ﬂ‘ 3F
; ' ‘
a 1 I
- .
l In Units 1-3, large amount of
0.5 hydrogen gas was generated due to
the core melt. Hydrogen gas flowed
into reactor vault by lifting the
: 1 containment top lid and then onto
: fuel exchange floor by lifting the Equipment transfer hatch
! shield plug. Explosions occurred in /
0.4 Units 1 and 3, ignited by the impact REIPT L In case of Unit 3, hydrogen gas
of the shield plug dropping. ' b seems to have leaked through the
311 3/12 313 3/14 3/15 3/16 equipment transfer hatch as well
12:00  0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00  0:00

Date/Time
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+* Severe accident at Unit-1

After explosion in Unit 1

2011-03-1215:36 | 01d00h50m | Explosion in Unit 1.

2011-03-1215:36 | 01d00h350m | 480 V low voltage grid connection damaged from explosion. 2011-03-1219:04 | 01d04h 18 m | Damaged hoses for water injection repaired.
2011-03-1215:36 | 01d00h50m | Seawater injection lineup damaged from explosion. 2011-03-1219:04 | 01d04h 18 m | Seawater injection into reactor started upon start of the fire engine.
2011-03-1215:36 | 01d00h50m | MCR lighting lost. 2011-03-1220:45 | 01d05h 359 m | Boric acid added to the seawater injection.

2011-03-1215:36 | 01d00h 50 m | PCV pressure measurement lost

2011-03-1313:37 | 01d22h 31 m | PCV pressure measurement re-established. —

2011-03-1313:37 | 01d22h51m | SC pressure reading. 0.590 MPa
2011-03-1313:37 | 01d22h51 m | DW pressure reading. 0.595 MPa
Summary of developments at each unit 3/15 06:14 Unit 4 hydrogen explosion
Unit 3/M 3/12 3/13 3/14 3/15
3/1115:35 3/1215:36 3/1411:01
™ Tsunami hits ™ Unit 1 hydrogen explosion ™ Unit 3 hydrogen explosion

The timing differed at Fukushima
Unit 1 naBnB Daiichi Units 1, 2, and 3, but each
went through the same process

resulting in the releases of hydrogen |__

and radioactive materials.

itz Kl T 080008 - 0oe

failure hydrogen generation

P Hydregen and |
a ézisng'fu:gﬁlo':g B radioactive
material leaks

nit3 1 ]2]3]4]5] ] oo
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+* Severe accident at Unit-2

Reactor building Reactor building Reactor building
. - o

Pressure Pressure Pressure
vessel vessel vessel

Reactor core Reactor core
isolation cooling ). isolation cooling
system (RCIC) system (RCIC)

3/11 3/12 3/14

(scram)
e residual heat
removal system
Cold shutdown

by thi

Cold shutdown process
in normal conditions

Electrical power supplied

by transmission lines
Cooling (heat removal)

Cooling by the condenser

a
=
>
©
[$)
2
=
=
o
=
3
©
]
=]
Q
©
]
14

ure

RCIC tripped
after 3 days

-pressure
[[VEINLE

(heat removal)
| system

with diesel fuel
(emergency diesel generator)

Lower pressure of
pressure vessel
(depressurization)
coolant injection)

g (e

e resi
Cold shutdown

Power provided by
remova

generator operating
Cooling continuously
with water (lo
Coolin
by th

Cold shutdown process

in an emergency Depressurization

delayed by the
hydrogen explosion
At Units 1 and 3

RCIC operation is
confirmed
Coolant injection
function is lost

Responses and events after the tsunami occurred



Fukushima Daiichi Nuclear Disaster

+* Severe accident at Unit-2
Release of radioactive materials
A.M.

outside reactor building

"y " e | = g

ol

1 954 Start coolant injection

Reactor building

Pressure
vessel

Injecting
coolant
from fire

Failure in suppression pool?

Depressurization Coolant injection
Succeeded! was delayed.

Fuel exposure and
damage (heating while
empty conditions)
Pressure vessel damage
Container vessel damage



+* Severe accident at Unit-2

(m)
10 T 1 I
RCIC function drop Actual measurement data
8 | (fuel region A)
SRV open -~ Corrected water level
6 \ I
‘\, Core melt timing (estimate)
4 ) T o © casmpum— (Approx. 10 p.m.)
2 Reached TAF

Approx. 17:00, March 14 ™\

0 | | \%

Reached BAF

2 Approx. 18:10, March 14 \;_,

Reactor water level

Core top

(TAF)

Core bottom end

(BAF)
-6
Seawater injection started
-8
-10
311 3/12 313 3/14 3/15 3/16 317 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

Radiation level

12:00

Date/time

(uSv/h)
100,000 I I I I I
‘ ® Radiation level in the vicinity of main gﬂte|
10,000 i i |
Equivalent to 1,500 mSv/year '
1,000 | |
T S
I IR A P NN BN A — e |
100
| .
-y -l n ¢ round radiation level
10
o = — el [ Sy i U | |
i f }
: Equivalent to 20 mSv/year
0.1
.T
0.01
3/11 3/12 3/13 3/14 3/15 3/16 3/17
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

Date and time

Fukushima Daiichi Nuclear Disaster

(MPa)
9 T
Pressure release started
8 / (SRU manually opened)
: o
2
Z 6
5 — e - . .
= ettt rrrees™ Core collapse timing (estimate)
o 5 I I
b= Core melt timing (estimate)
5 L
8 4
ol
= 3
= 2
| ;UT
0 ) A
3/13 3/14 3/15
12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00
Date/time
RCIC stopped  Seawater injected
MPa
(abs) Core melt timing (estimate)
0.8 | )
—— D/W pressure \
0.7 ——
—i— S/C pressure \ \
i
o
P in W
2] 0.4 o b —
g
s 03
ke / | N
02 |* * h T
/ L/
RCIC stopped u
0 3 | n
3/12 3/13 3/14 3/15 3/16
12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00

Date/time
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Fukushima Daiichi Nuclear Disaster

2011-03-11 15:41

55:00 (min)

SBO

2011-03-12 04:20

13 h 34 min

A team was dispatched to the RCIC room to manually open 3 MOVs to
switch the RCIC source to SC from CST.

2011-03-11 15:41

55:00 (min)

DC power panel flooded and failed.

2011-03-11 15:41

55:00 (min)

Loss of DC power.

2011-03-11 15:41

55:00 (min)

Loss of DC distribution systems resulted in the loss of control room
indications and alarms.

2011-03-12 05:00

14 h 14 min

RCIC water intake line up to SC complete.

Restoration work for power supply and water injection

Control room lighting lost, with only emergency lighting remaining.

Control panel indications for HPCI barely visible, but slowly faded
away. Operators determined that HPCI was not operable because
indicators on the control panel were lost.

2011-03-12 15:36

01 d 00 h 50 min

Explosion in Unit 1 occurred.

RCIC manipulation lost.

2011-03-12 15:

23
N

01 d 00 h 50 min

MCR lighting was lost.

TEPCO informed Government on estimated time for uncovering of the

2011-03-12 15:54

01 d 01 h 08 min

Site ERC ordered the evacuation of the staff from two MCRs (Units 1
and 2 and Units 3 and 4). except for the most senior staff.

2011-03-11 21:13 6127 min core at 2140,
2011-03-11 22:10 07 h 24 min Reactor water level above TAF reported to government officials.
2011-03-11 22-10 07 h 24 min Radiation monitor data around plant monitoring points reported to

2011-03-13 11:00

01 d20h 14 min

Large SC AOV is opened for venting,
3.7 bar | Less than rupture disk pressure. No venting.

2011-03-14 11:00

02d20h 14 min

Alternative seawater injection line assembly completed.

2011-03-14 11:01

02d20h 15 min

Explosion in Unit 3.

2011-03-14 11:01

02d20h 15 min

Unit 3 explosion damaged seawater injection setup.

08 h 39 min

DW pressure reading. 1.41 bar

2011-03-14 11:01

02 d20h 15 min

Large isolation AOV in the SC venting line closed.

2011-03-12 00:06

09 h 20 min

The Site Superintendent directed preparations to vent the PCV.

The valve could not be reopened

2011-03-12 00:30

09 h 44 min

3 km zone evacuation completed.

2011-03-14 13:00

02d 22 h 14 min

Reactor pressure reading. 75.4 bar

Reactor water level reading. TAF+2400 mm

2011-03-12 01:00

10 h 14 min

Operators sent to the RCIC room.

2011-03-14 13:00

02d22h 14 min

RCIC declared inoperable.

2011-03-12 02:55

12 h 09 min

RCIC declared operating.

2011-03-14 13:25

02 d22h 39 min

Time for core uncovering estimated at 16:30.

2011-03-12 02:56

12 h 10 min

CST water level low.

2011-03-14 14:43

02d23h57 mn

Seawater mjection though core spray line re-established.

Vent for RV and SC was critical. SC temp. ~ Tsat

2011-03-12 03:06

12 h 20 min

Plans to vent Unit 1 and 2 PCV announced to the public.

2011-03-14 16:21

03 d 0l h35min

Unsuccesstul attempt to open large isolation SC vent AOV.
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+* Severe accident at Unit-2

2011-03-14 16:28

03 d 01 h42 min

Operators decided to depressurize RPV via SRV.
regardless of the concerns for PCV integrity (saturated/solid SC)

2011-03-14 19:05

03 d 04 h 19 min

Seawater injection via fire engines commenced.

2011-03-14 19:20

03 d 04 h 34 min

Water injection stops. Fire engines ran out of fuel

2011-03-14 19:54

03 d 05 h 08 min

Seawater injection into RPV via FP system began.

2011-03-14 21:00

03 d 06 h 14 min

Attempt to open small (bypass) SC vent AOV.

2011-03-14 22:50

03 d 08 h 04 min

540 kPa (5.4 bar)

RPV (DW) pressure reading ) .
> design pressure

2011-03-14 23:25

03 d 08 h 39 min

Discovery of small (by-pass) SC vent AOV being closed

2011-03-14 23:25

03 d 08 h 39 min

700 kPa

Decision making to vent PCV directly from DW began

2011-03-15 00:01

03 d 09 h 15 min

Commence opening DW vent (bypass) AOV  venting did not occur

DW pressure maintained at ~ 750 kPa until after 6 hours.

2011-03-15 06:14

03 d 15h 28 min

Sound of explosions at site and tremors felt in the MCR.

2011-03-15 06:14

03 d 15 h 28 min

SC pressure dropped to atmospheric pressure.

2011-03-15 06:14

03d 15h 28 min

Explosion reported in Unit 4.

2011-03-15 06:30

03 d 15 h 44 min

SC pressure reading. 0.0 bar

138 Later seismic analyses by TEPCO showed that there had been no explosion inside Unit 2 and ascribed the noise to the

explosion in Unit 4.
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** Severe accident at Unit-3
® Battery relieved flooding!

The moment the tsunami struck

. . . . Pressure vessel relief valve opened
(The systems shown in gray in the figure indicate

Reactor building to release pressure to suppression pool
those that could not be used after the tsunami)
Battery relieved flooding because it was located at middle basement Power t_ra_nsmi5§i_0_n
and continued injecting coolant with high pressure system. and receiving facilities
Instruments and gauges are normal (external power)

Turbine building

Steam
Generator
) RCIC pump
Fresh water
tank = —
Power
supplied Emergency Condenser Eé%?aﬂ?%i“:’t?m
to diesel pump
enerator i
Batigry l P . c;g?:,%nt Reactor shut down due to
) P successful scram
pump
‘ Electricity
- | |
®
s F s

Seaside — .

C— Ldc*io

Power distribution  ======= Flow of water === Flow of water (high pressure) Flow of steam ® Pump @Valve (open) ®Valve (closed)

*Used for opening and closing valves in the system
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+* Severe accident at Unit-3

Battery relieved flooding!
Operation and control of the RCIC and HPCI could be maintained.
It was also possible to continue monitoring reactor status using meters and gauges.

Coolant injection continued for approximately a day and a half, after which the HPCI system
was tripped to change over to injecting coolant at low pressure (with a diesel driven fire
pump).

= RPV pressure was 0.58 MPa.

= Safety relief valve did not work due to battery run-out.

However, depressurization after this took time, the water level dropped, and the result
was the generation of hydrogen and damage to the core.
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Water level inside the pressure vessel dropped
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+* Severe accident at Unit-3

About 9:25 start coolant injection

Reactor building

Pressure

Injecting
coolant
from fire £ 4
|| engine T

Hydrogen leaks
into building

Fuel exposure and
empty conditions)
Pressure vessel damage

damage (heating while
Container vessel damage
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+* Severe accident at Unit-3

2011-03-12 11:36

20 h 50 min

RCIC fripped.

2011-03-12 11:40
2011-03-12 12:35

20 h 54 min
21 h 49 min

Attempts to restart RCIC unsuccessful.
HPCT started.

2011-03-12 12:45

21 h 59 min

Reactor pressure. 5.6 MPa

2011-03-12 17:00

01 d02h 14 min

Reactor pressure. 2.9 MPa

2011-03-12 19:00

01 d04h14min

Reactor pressure reading. 0.95 MPa

2011-03-13 02:30

01 d 11 h 44 min

Reactor pressure reading.

0.79 Mpa, Below the set point of the automatic isolation of the HPCI.

2011-03-13 02:30

01d11h44 min

HPCT fails to auto stop.

2011-03-13 02:30

01d11h44min

Decision to switch core cooling function from HPCI to DDFP.

2011-03-13 02:30

01d11 h44 min

Team dispatched to reactor building to switch DDFP line up to
RPV injection from SC spray.

2011-03-13 02:42

01d11h56min

DDFP line up was changed from SC spray to RPV injection.

2011-03-13 02:42

01d11h56min

HPCI stopped.

Due to the possibility of reactor pressure drop causing a further slowing of HPCI turbine revolution
speed, which would increase turbine vibrations and ultimately result in reactor steam release due to
equipment damage.



Fukushima Daiichi Nuclear Disaster

+* Severe accident at Unit-3

2011-03-13 02:44

01d11h58 min

Reactor pressure reading. 0.58 MPa

2011-03-13 02:45

01d11 h59min

Attempt to open SRV unsuccessiul.

2011-03-13 03:00

01d12h 14 min

Reactor pressure reading. 0.87 MPa

2011-03-13 03:05

01d12h 19 min

Afttempt to inject water via DDFP unsuccessful.

2011-03-13 03:35

01d12h49 min

Attempt to restart HPCL

2011-03-13 03:37

01d12h51 min

Attempt to restart RCIC.

2011-03-13 03:37

01 d12h51 min

Team dispatched to HPCI room to local manual start of HPCL.

2011-03-13 03:38

01d12h352 min

Attempt to open SRV unsuccesstul.

2011-03-13 03:39

01d12h53 min

Operators start load shedding of HPCT equipment to preserve DC
power.

2011-03-13 03:44

01d12h 58 min

Reactor pressure reading. 4.1 MPa

2011-03-13 03:51

01d13h 05 min

Reactor water level monitor restored.

2011-03-13 03:51

01d13h05min

Reactor water level reading.

2011-03-13 04:30

01d13h44 min

Reactor pressure reading. 7.0 MPa

2011-03-13 05:08

01d14h22 min

Attempted to restart RCIC.

2011-03-13 09:08

01d18h22 min

Reactor pressure decreased.

2011-03-13 09:10

01 d18h24 min

Increased SC pressure.

2011-03-13 09:20

01d 18 h 34 min

Unit 3 PCV venting.

2011-03-13 09:25

01d 18 h 39 min

Borated freshwater injection into the reactor started though the FP
line.

The SRVs did not open, although the valve status in the
MCR displayed them as functional. It is considered that
the battery capacity was enough to display the status
indicator lamps, but not enough to operate the SRVs.
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** Hydrogen explosion at Unit-4

Stack

The moment the tsunami struck

Reactor building (Unit 3) Reactor building (Unit 4) :‘;‘Lt:tr :jgl“:)ig“r";z;"

due to loss of power.
No fuel in the reactor because Exposure of the fuel is

planned outages underway; Spent surmised as occurring
all moved to spent fuel pool fuel pool in late March.

Filter Filter

|

e

Heat exchanger

Primary : Exhaust line Primary
Containment for Ve“t'"% Containment
(connects to stack)

Vessel

S 2

Heat removal via fuel pool
cooling andfiltering system

7 N
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** Hydrogen explosion at Unit-4

Inflow route of hydrogen into Unit 4 Stack

| Reactor building (Unit 3)

Reactor building (Unit 4)

Vented gas including
hydrogen from Unit 3
flowed into Unit 4

Vented
gas flow

Stand-by Gas
Treatment

2 F P . System
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** Hydrogen explosion at Unit-4

14:46 Earthquake occurred 15:35 Tsunami hits Rise of water temperature in spent fuel pool

Power lost due to

Reactor building Reactor building Reactor building tsunami Reactor building
(Unit 4) (Unit 3) (Unit 4) coolant functions (Unit 3) (Unit 4) Th t t t f th t

Prosaure Prassure and ability to — e water em_pera ure o e spen

resupply water lost i e fuel p00| confirmed to be 84°C;

| fuel forecast to be exposed above

the water's surface in late March.

Reactor building
(Unit 3)

coolant
pool cooling and
filtering system

ecti

Inj;

via fuel
Fuel pool coolin
coniinged

Heat removal with the
make-up water condensate
system of fuel pool

ing

Cooling process
in normal conditions

Total power failure

Responses and events after the tsunami occurred

Reactor building Reactor building Reactor building
(Unit 3) (Unit 4) (Unit 3)
Pressure. Y § Presim
vessel
i 4]

xhaust |ini

ck) Contai bl
inmi
"ok Vessel

27 Hydrogen inflow from Unit 3 Around 6:14 a.m. Hydrogen explosion inthe Unit4  8:21 Begin injecting coolant into spent fuel pool
reactor building
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** What if?
® Easy to say “if IC were not terminated”; “if RCIC and HPCI were not stopped manually”, ...,
etc.

® These afterthoughts are not totally correct.

® True that the reactor core seemed to have survived as long as IC or RCIC/HPCI were
operating but this does not mean that the core could avoid core damage and melting w/o
heat sinks.
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*» Magnification of damage
® Due to simultaneous accidents at Units 1~4
Simultaneous problems at four units [ USRI M ——
( Unit 1 )t Unit 2 = Unit 3 H Unit 4 )

( 3/11 14:46 Reactor emergency trip (scram) due to earthquake )
( 3/1115:35 Tsunami hits )

Status of S i :
eawater Seawater High-pressure Seawater -
equipment LS cooling function High-pressure Oy cooling function coo!\]anil)injecl\on AC power cooling function H'g"eﬂ?j,f ‘f‘[,f,gﬁgf“‘ Shutdown
availability coolant injection function *RCIC function retained ';alal paw!rol:‘i\ure'lkcfﬂcl‘
i “RCIC . H ssure cool : *Seawater cooling function lost
(after tsunami strike)  (MRAAA. e e powerpanal [0 Fowes pamsl ochanery [ REEREIL Y

Fuel exposure and damage Cooling
(heating while empty conditions) by injecting

3/1115:39 Injecting coolant with RCIC ) 3/1116:03 Injecting coolant with RCIC

A large amounts of coolant not
hvdroaen aenerate/accumulate dope intime

Surviving
DC battery
runs out of
power

: Impact = r 3/1211:36 RCIC tripped
; Incapable to sup ver due to damage

321235 high-pressure coolant injection aystem

EIEY P2 Y3 Trip of high-pressure coolant injection system

Fuel exposure and damage

3/1219:04 Injecting coolant from fire engine

Prepared to inject coolant
from fire truck

Accumulation of hydrogen (influx from Unit 3) R  EEuu

13:25, 3/14 to fire tr

A large amounts of hydrogen generate/accumulate, Impad

~Impact primary containment vessel venting
. Hydrogen explosion

RCICdeemined T e LTI

to have tripped (heating while empty conditions)

{cooling Alarge amounts of . - e

. Release of radioactive materials .
Morning, 3/15 outside reactor building y Hydrogen explosion

In this way, one of the lessons learned from the events is that the progression of the accident at one

unit had a big impact on restoration work at the other units.




Reviews

*»» Development of Fukushima Daiichi accident

Summary of developments at each unit

Unit I 3/12 3/13 314 3/15

3/11 15:35 3/1215:36 3/1411:01
™ Tsunami hits ™ Unit 1 hydrogen explosion ™ Unit 3 hydrogen explosion

; ; g ; The timing differed at Fukushima
Unit 1 nana ? i j - | Daiichi Units 1, 2, and 3, but each
f : ; : went through the same process

resulting in the releases of hydrogen |__
and radioactive materials.

witz () T 0000 (g B

failure hydrogen generation
Loss of "cooling r;;?;‘;?;x:"d —
down" functions .

material leaks

;n a B n B : : a Water level drops

Coolant injection continued

Simultaneous Pmblems at four units - Effects of hydrogen generated at adjacent units and hydrogen explosions. - Trouble occurs - Responses taken
( Unit 1 = Unit 2 = Unit 3 H Unit 4 )
( 3/11 14:46 Reactor emergency trip (scram) due to earthquake J

( 3/1115:35 Tsunami hits

Status of B SaEler — N i
equipment —— Soolng function High-pressure A injecti [ scoower | cooingiameiion
pe, s coolant injection
bt rorerpeno ] ocbaiey ] ' : [ rowerpanes |
{after tsunami strike) oS Dl L > Power panel DC battery -

N Power pans!
3/1116:03

Cooling
by injecting 11
A large amo coolant not Ims3e

=
hydrogen aeneratefaccumulate done intime

Fuel exposure and damage

{heating whils emgty conditions)

Surviving
DC battery
runs out of
power

EREL - YRl Trip of high-pressure coclant injection system
i re and damage
Impact
rge amounts of hydrogen generatelacs e, P — 1 of hydrogen (influx fron
R —— R w0 Py Accumulation of hydrogen (influx from Unit 3) —
13:25, 3/18 1 .
RCIC determined m— = Hydrogen explosion

to have tripped

[cooling A Targe amounts of .
unusable} hydrogen generate/accumulate 3141530

Release of ragioactive materials Y =
Morning, 3/15 ioulkie reacior blidin @ Hydrogen explosion

32136

-
- 3/1212:35

ing

Injecting coolant from fire engine




+** Fukushima Daini vs. Daiichi

H

3/11 14:48 Reactor emergency trip (scram) due to earthquake

(" unit1

[
[

Status of :
equipment
availability

(after tsunami strike)

Fukushima Daiichi Nuclear Disaster

Unit 2

H

Unit 3

H

3/11 15:22 Tsunami hits

Offsite power (only one line)

Emergency diesel generators
0 of 3 units

Offsite power (only one line)

Emergency diesel generators
(0 of 3 units)

Offsite power (only one line)

Emergency diesel generators
{2 of 3 units)

Offsite power (only one line)

Emergency diesel generators
(1 of 3 units)

Unit4 )

3/1115:34 3/11 15:34~15:41 3/1115:35 3/1115:34
All emergency power All emergency power One emergency power Two emergency power
supply tripped by tsunami supply tripped by tsunami source tripped by tsunami sources tripped by tsunami
3/1115:36 3/11 15:41 3/1115:46 3/11 15:46
Depressurization using Depressurization using Depressurization using
R(J;llg‘ ﬁ}grted ,man': ‘Lfl]"y relief valve relief valve
pressure vessel)
3/1115:43 3/1116:06 3/1115:54
RCIC started manually RCIC started manually RCIC started manuall
3/11 15:55 | (sta ’tlzl‘rnelggﬂr”g. _la”.“ into r:gggﬂ%’fgggw into (begins injecting coolant into reacyt-cnr]
Depressurization using
relief valve 3/11 22:53
Start injecting cooclant using
make-up water condensate system
3/11 23:58
Trip RCIC by manual operation
3/120:16
Start injecting coolant using
make-up water condensate system g
3/120:00 3/12 4:50 3/129:37 PIRCIC toped )
Start injecting coolant using Start injecting coolant using Cooling mode started with 3/1212:32

make-up water condensate system
3/12 4:58

make-up water condensate system
3/12 4:53

Trip RCIC by manual operation RCIC tripped

residual heat removal system
3/1212:15

Reactor in state
of cold shutdown

Coolant injection begun using
high-pressure core spray system
3/1222:14

Coolant injection by make-up

Temporary power lines installed,
and replaced on residual heat

removal system cooling
pumps and motors, etc.

Temporary power line installed

water condensate system tripped j

Power received through
temporary lines, motors of
residual heat removal system

3/141:24

Residual heat removal system
(in suppression pool
cooling mode) started

3/1410:05

Residual heat removal system
(in low-pressure coolant injection
[heat removal] mode) started

3/14 17:00

Reactor in state
of cold shutdown

3/147:13
Residual heat removal system
(in suppression pool
cooling mode) started
3/14 10:48

Residual heat removal system
(in low-pressure coolant injection
[heat removal] mode) started

3/1418:00

Reactor in state
of cold shutdown

cooling pumps replaced, etc.

3/1415:42
Residual heat removal system
(in suppression pool
cooling mode) started

3/1418:58

Residual heat removal system
(in low-pressure coolant injection
[heat removal] mode) started

3/1507:15

Reactor in state
of cold shutdown

Flooded areas

Tsunami waters
concentrated

[

L e e ol




Fukushima Daiichi Nuclear Disaster

¢ Future responses

Mid-and-Long Term Roadmap for Fukushima Daiichi Nuclear Power Station
(@announced December 2011)

Step 2 completed, Within 2 years of Within 10 years of 30 to 40 years after
December 16, 2011 completing Step 2 completing Step 2 completing Step 2
Step 1
P 2nd Phase 3rd Phase
Step 2
e Cold shutdown situation e Until removal of fuel from e Time until removal of fuel e Time until decommissioning
e Broad control of release of spent fuel pool begun debris* is begun completed
radioactive materials *Debris: Materials made of fuel,

cladding tubes, etc. that
have fused and re-solidified

** Current status
® https://www.tepco.co.jp/en/insidefukushimadaiichi/index-e.html



https://www.tepco.co.jp/en/insidefukushimadaiichi/index-e.html
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¢ Future responses
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¢ Current status

Fukushima Daiichi Nuclear Disaster

The radiation dose on the first floor
of the Reactor Building, where the
fuel debris retrieval equipment, etc.
is to be installed, is high. Hence the
dose of the highly contaminated
pipes needs to be reduced.

i

KL Reactor Pres
I Vessel

T
i
FeacarPros)

UL IIIIIII

£

T Tl y

;WHHHH

Containme
Vessel

m-m-

TELTE L.

g Pedestal

AC piping (south-eastern
area on the first floor)
Surface 50cm radiation dose:
Approx. 1000 mSv/h
(Estimated based on the
intensity of the y rays)

The PCV water level is higher than
the opening (Reactor Building first
floor), from which the space (inner
side of pedestal) below the reactor
pressure vessel, where there is lot
of fuel debris, can be accessed.
Hence water intake is required for
reducing the water level.




Fukushima Daiichi Nuclear Disaster

¢ Current status

Caontaminated
water




Fukushima Daiichi Nuclear Disaster

¢ Reactor Circulation Cooling

©Paved with asphalt
I (3)Groundwater bypass
Rain : Desalination
‘ T \Waterpumpmg through removal |
mﬂ- xxxxxxxxxxxxxxxxx of cesium  [f

Reactor buildin 7
Groundwater level : (4)Sub-drain im;ﬁ;]uennci by
4)Sub-drain _ Water pumpind  sodium silicate

urbine
Water pumping building Trench

Upper permeable layer Water pumping
Low- Sea level
- P e”neab;'e ,ayer Pur;pmg wol  § T/ —
OWer permeable fayer

Well point

Low-permeable layer Groundwater drain

(B)Land-side impermeable wall (5Land-side impermeable wall 8Sea-side impermeable wall



*%» Ground water

Gf(‘,liﬂ‘ "-‘-'('t"'

Reactor Building

400t /day

Fukushima Daiichi Nuclear Disaster

O O O O Do
Reactor building
g ]
i '

Mot ; ; Turbine building
Wells to pump
up radioactive

Groundwater, groundwater

W~ 4 Tainted water. |

! Wellsto #

'\ pumpup ¢

| groundwater | 5

'
\

..........

SOURCE: TEPCO

Blocks groundwater
from the mountains

QT e

-, e
: " J»J circulating
Frozen soil ~_ } soil-freezing

coolant




Fukushima Daiichi Nuclear Disaster

¢ Reactor Circulation Cooling

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

Reactor bidg. Primary containment @ To stably cool the fuel debris, cooling
Spent fuel pool - yassaL(PCY) water is continuously recirculated inside
Reactor pressure the PCV.
VosEOL(FEN) ® Approx. 300m? (evaluation value) of ground
Turbine water flows into the power station
bldg. buildings per day; therefore amount of
contaminated water increases daily.

Drawn from well-points etc.
(Approx. 100m¥day)

‘ Contaminated wate _l

3:. 5 1 “ln”]‘ (rr”(;“ er %
Reactor cooling water Cooling by recirculating
Approx. 320m?/day cooling water

Pump

Cesium absorption apparatus

Treated water from multi-
nuclide removal eesoccnsoo ol

equipment Cooling water tank . Desalil T .
Stored volume v Approx. 400m®/day Strontium-treated water '
N e Reverse Osmosis

Approx. 442,000 m* Concentrated salt water Stored volume
(as of 28th May) Approx. 185,000 m?
; Stored volume 0 m® (as of 28th May)
(as of 28th May ) :
h
Storage tanks i
Remove 62 radioactive Storage tanks Slorge tanka
substances except BCY S *Remain volume Redkicad ks
of tritium Multi-nuclide removal Approx.10,300 m? Mobile strontlum removal

equipment (ALPS) (bottom of tanks ) equipment, etc.



¢ Reactor Circulation Cooling

remove salt

filtered water content
(used as coolant) - —
o6 - =
4 i B
‘KK
() Desalination Facility
ralnwater

reduce
Cesium and
groundwa,e, Strontium
buildings

=
—
a——
N

t Cesium/Strontium

b Filtering Device
contaminated (KURION)
water

Second Cesium/
Strontium
Filtering Device
(SARRY)

—
s
——
- . -

Fukushima Daiichi Nuclear Disaster

e

1

t

!

~ e

Strontium Treated
Water storing tanks

remove most of
the radioactive
materials

o]

Multi-nuclide
Removal Facility (ALPS)

Improved Multi-nuclide
Removal Facility
(improved ALPS)

High-performance
Multi-nuclide
Removal Facllity
(high-performance ALPS)

| = =
e
Treated Water

via Mutti-nuclide
Removal Facility

(ALPS)
storing tanks



Fukushima Daiichi Nuclear Disaster

¢ Reactor Circulation Cooling  https://www.youtube.com/watch?v=00cwp-d5BSU
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Contaminated Water Processing ～Multi-Nuclide Removal Equipment (ALPS)～.mp4
https://www.youtube.com/watch?v=o0cwp-d5BSU

