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This film presents the sequence of the accident at the Fukushima Daiichi plant in March 2011.It explains how the 
boiling water reactor (BWR) operated in Japan, describes the

L’ASNR rassemble depuis 2025 les missions et les activités de l’ASN et de l’IRSN
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Address Unit Start of 
operation Type Output 

(x 10,000 kW)
Main 

contractor Status when the earthquake struck

Okuma 
Town

Unit 1 March 1971 BWR3 46.0 GE In rated output operation

Unit 2 July 1974 BWR4 78.4 GE/Toshiba
In rated power operation

Unit 3 March 1976 BWR4 78.4 Toshiba

Unit 4 October 1978 BWR4 78.4 Hitachi
Outage

All fuel removed, pool gate 
closed (core shroud 

replacement work under way)
Futaba 
Town

Unit 5 April 1978 BWR4 78.4 Toshiba Reactor pressure vessel top 
lid closedUnit 6 October 1979 BWR5 110 GE/Toshiba

Unit 1

Unit 2

Unit 3

Unit 4

Unit 6
Unit 5Main gate

Service hall

Summary of Fukushima Daiichi Nuclear Power Station

Site area: Approx. 3,500,000 m2
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Box 2.1. Boiling water reactors 

Boiling water reactors use a closed, direct steam cycle loop, as shown schematically below. The working 
fluid is water that is used both as the coolant to remove heat and the moderator for controlling reactivity. 
Coolant water boils in the reactor core at a pressure of approximately 7 MPa, and the steam that is generated 
is used to drive turbines to generate electricity. After passing through the turbines, the steam is condensed 
back to water by being cooled by the condenser tubes that are filled with cold water taken from a heat sink, 
e.g. the ocean. The water resulting from condensation is then pumped back to the reactor as feedwater. 

 

Units 1–3 were automatically isolated from their turbine systems due to the power interruption, 
resulting in increases in the temperature and pressure of the reactors due to the decay heat. The 
cooling of these reactors following isolation was accomplished by means of the following design and 
operational provisions (Box 2.2): 

 In Unit 1, as the reactor pressure increased, both loops of the isolation condenser system started 
automatically and continued to cool the reactor. The operation of both isolation condenser loops 
lowered the reactor pressure and temperature so rapidly that the operators manually stopped them, 
in accordance with procedures, in order to prevent thermal stress on the reactor pressure vessel. 
Afterwards, only one of the loops was used by the operators to control the cooling rate27 in a 
range prescribed by the procedures. 

 In Units 2 and 3, the increase in reactor pressure automatically activated safety relief valves, 
which were designed to protect the reactor from overpressurization by releasing steam from the 
reactor vessel to the suppression pool section of the primary containment vessel. This resulted in a 
decrease in the reactor water levels. The operators manually activated the reactor core isolation 
cooling system in accordance with procedures. 

                            
27 In boiling water reactors, the cooling rate is monitored and controlled by the reduction in reactor pressure, which, in turn, 
corresponds to the decrease in reactor temperature. 

Pressure: 7 MPa / ~ 285℃

BWR



Date/Time: Friday, March 11, 2011 at 2:46 p.m.
Location: Offshore Sanriku (latitude 38 degrees, 06.2 minutes, longitude 142 degrees, 51.6 minutes), depth of hypocenter 24 km
Scale : magnitude 9.0
Intensity around Japan :   Intensity 7䋺Miyagi Prefecture: Kurihara City

Intensity 6 (upper) Fukushima Prefecture: Naraha Town,TomiokaTown,Okuma Town, FutabaTown
Intensity 6 (lower) Miyagi Prefecture: Ishinomaki City, Onagawa Town, Ibaraki Prefecture: Tokai-mura
Intensity 5 (lower) Niigata Prefecture: Kariwa-mura
Intensity 4: Aomori Prefecture: Rokkasho-mura, Higashidori-mura, Mutsu City, Oma-machi, 

Niigata Prefecture: Kashiwazaki City

Overview of the Tohoku-Chihou-Taiheiyou-Oki Earthquake

The scale of the tsunami-earthquake was the fourth largest ever observed in the world.

attachm
ent 3-1

震源

原子力発電所

Distribution of earthquake intensity Local area of earthquake
(source: Earthquake Research 

Institute of the University of Tokyo)

coseismic slip
[m]

Wave source of tsunami
(source: TEPCO)

Hypocenter
NPS

2011.3.11 2:46 PM 
East Japan Earthquake



RcnP Tsunami at Fukushima Dai Ichi
The tsunami waves started reaching the Fukushima Daiichi 
NPP about 40 minutes after the earthquake.



Automatic shutdown

The operating reactors of Units 1–3 were shut down automatically when 
sensors at the plant detected the ground motion and triggered reactor 
protection systems in accordance with the design. This automatic action 
achieved control of reactivity. 

The insertion of reactor control rods by the control rod drive systems 
terminated the nuclear chain reaction in the nuclear fuel and brought the 
reactors to a shutdown condition.

In Japan, we often experience earthquakes. 
They are trained to respond to earthquakes.

Reactor Scram

Wikipedia
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Fig. 19.  Decay heat for used fuel—comparison of HEU  

cycle 400 and LEU cores. 
 
 

Table 17.  Major contributors to total decay heat at 1 day— 
comparison of HEU cycle 400 and LEU cores 

# 
HEU LEU 

Nuclide ID Decay heat  
(W) 

Nuclide ID Decay heat  
(W) 

1 140La 5.35E+04 140La 6.18E+04 
2 132I 4.16E+04 132I 4.95E+04 
3 97Zr 1.62E+04 97Zr 1.90E+04 
4 133I 1.30E+04 133I 1.53E+04 
5 97Nb 1.12E+04 97Nb 1.31E+04 
6 143Ce 1.05E+04 99Mo 1.28E+04 
7 99Mo 1.03E+04 143Ce 1.22E+04 
8 140Ba 9.14E+03 140Ba 1.06E+04 
9 93Y 6.64E+03 93Y 7.62E+03 
10 91Sr 5.76E+03 131I 6.88E+03 
11 131I 5.71E+03 91Sr 6.54E+03 
12 95Zr 5.57E+03 95Zr 6.42E+03 
13 143Pr 5.37E+03 143Pr 6.28E+03 
14 132Te 4.91E+03 132Te 5.84E+03 
15 133Xe 4.62E+03 133Xe 5.54E+03 
16 135I 4.05E+03 135I 4.76E+03 
17 91Y 3.97E+03 91Y 4.52E+03 
18 89Sr 3.47E+03 135Xe 4.02E+03 
19 135Xe 3.20E+03 89Sr 3.94E+03 
20 103Ru 2.88E+03 103Ru 3.50E+03 
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Tsunami

When a reactor shuts down, the decay heat is about 6% of the 
thermal power during operation. It decreases rapidly. However, 
when the tsunami struck, the residual heat was still about 22 MW 
in Reactor 1 and about 37 MW in Reactors 2 and 3.

* Accumulated heat is huge



How to cool down
Pressure: 7 MPa / ~ 285℃
20~40 MW heat generation

Reduce the Pressure
It causues bumping

Need to feed water in to the pressure vessel

How to push water in against 7 MPa of pressure.

by extracting steam

When shut down, the reactor cores continued to generate heat (known as 
decay heat). To prevent the nuclear fuel from overheating, this heat had to 
be removed by cooling systems that were mainly run or controlled by 
electrical power.



d (m)

S (m2)

P (Pa = N/m2)

V (m3)

V = d x S

W (J = Nm) = F (N) x d (m) = P x S x d = P x V



The Jet d'Eau
GenevaExperience 

 Media gallery

The Jet d'Eau shoots 140 meters high from Lake Geneva into the sky. Geneva's
landmark is visible from anywhere in the city. Walk on the jetty to the water
and experience the fountain up close

The Jet d'Eau at a glance
The Jet d'Eau stands at the outlet of Lake Geneva into the Rhône and is visible from afar – even from an airplane. Two pumps eject 500 litres
of seawater per second into the air at 200 kilometres per hour. 7 tons of water are constantly in the air. A footbridge allows access to the
pier – even for wheelchair users.

The Jet d'Eau shoots 140 meters high from Lake Geneva into the sky in 500 L/s. 

1.6MPa

0.85 MPa (typical in Japan)

1.6MPa x 500L/s = 800kW 
 Two 500kW pumps work at 2,400 V.

7MPa x 100 L/s = 700 kW



AC power to high pressure pump
off-site AC power is lost by the earthquake  

==> on-site power generator started.

They are trained to respond to the off-site power loss.
Fukushima Daini Unit 1 Plant Parameters Transient Attachment 8-17
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Depressurization
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How to cool down
Pump for high pressure should be operated 
by off-site power or in-site power generator.

In Fukushima Dai Ichi, power generator for 
unit 1,2,3,4,5 were lost by Tsunami

Emergency system
Reactor core isolation cooling system
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Box 2.2. Systems for cooling the core when the reactor is isolated from the turbines 

Normal shutdown cooling of boiling water reactors at high reactor pressure is accomplished by directing the 
steam from the reactor to the main condenser, bypassing the turbines (see Box 2.1). However, when the 
reactor is isolated, this path is not available and core cooling is provided by the systems designed for an 
isolated reactor under high pressure conditions which exist after reactor shutdown. In the design of the 
Fukushima Daiichi NPP, those were: the isolation condenser (IC) system for Unit 1 (the earlier design) and 
the reactor core isolation cooling (RCIC) system for Units 2–6. 

Isolation condenser. In the Unit 1 design, there were two separate and redundant isolation condenser loops. 
In these closed loops, the primary side of the isolation condenser received steam generated in the reactor 
and condensed it by cooling inside the heat exchanger tubes that were submerged in colder water tanks 
(isolation condenser pools) located outside the primary containment vessel. Condensed steam was then sent 
as cold water back to the reactor by gravity (see the diagram below). Without mixing with the radioactive 
primary side water, the secondary side water in the isolation condenser pools boiled, and the evaporated 
steam was vented to the atmosphere, which served as the heat sink. The secondary side water volume of the 
isolation condenser (both trains together) was sufficient for eight hours of cooling before requiring 
replenishment from a dedicated water source. 

 

Reactor core isolation cooling. In the design of Units 2–6, there were open cycle cooling systems that 
needed a source for adding water to the reactor system. In the reactor core isolation cooling systems, the 
steam from the reactor drove a small turbine which, in turn, ran a pump that injected water into the reactor 
at high pressure. The steam that ran the turbine was discharged and accumulated in the suppression pool 
section of the primary containment vessel, which served as the heat sink for absorbing waste heat. The 
water lost from the reactor was replenished by taking fresh water from the condensate storage tank (see the 
diagram below). When the tank emptied or the suppression pool became full, the water that accumulated in 
the suppression pool could be used, making the system essentially a closed loop cycle. The reactor core 
isolation cooling was designed to operate for at least four hours. 
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Box 2.2. Systems for cooling the core when the reactor is isolated from the turbines (cont.) 

 

The decay heat from the nuclear fuel in Units 4–6 also had to be removed: 

 In Unit 4, the equipment for cooling and refilling of spent fuel pool water28 stopped working as a 
result of the loss of off-site power. The Unit 4 spent fuel pool, containing more than 1300 spent 
fuel assemblies, had the largest amount of decay heat to be removed among all the spent fuel 
pools of the units. 

 In Unit 5, the reactor pressure, which was being kept elevated by the use of a pump for pressure 
testing purposes at the time of the earthquake, initially dropped when the pump stopped as a result 
of the loss of off-site power. The pressure started to rise due to decay heat, but unlike in Units 2 
and 3, it remained well below the levels to activate the safety relief valves. 

 In Unit 6, the reactor was near atmospheric pressure and room temperature with fuel in the core, 
and the decay heat was low. 

                            
28 The spent fuel pools, which store the used and new fuel assemblies, are filled with water, providing radiation shielding and 
removal of heat from the nuclear fuel located there. However, without cooling, the pool water would heat up and eventually 
start evaporating. If this situation continues without refilling, the cooling of fuel stops when the water level falls and exposes 
the fuel. Overheating and exposure causes damage to the fuel and the release of radionuclides. 
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Box 2.2. Systems for cooling the core when the reactor is isolated from the turbines (cont.) 
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fuel assemblies, had the largest amount of decay heat to be removed among all the spent fuel 
pools of the units. 
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testing purposes at the time of the earthquake, initially dropped when the pump stopped as a result 
of the loss of off-site power. The pressure started to rise due to decay heat, but unlike in Units 2 
and 3, it remained well below the levels to activate the safety relief valves. 

 In Unit 6, the reactor was near atmospheric pressure and room temperature with fuel in the core, 
and the decay heat was low. 

                            
28 The spent fuel pools, which store the used and new fuel assemblies, are filled with water, providing radiation shielding and 
removal of heat from the nuclear fuel located there. However, without cooling, the pool water would heat up and eventually 
start evaporating. If this situation continues without refilling, the cooling of fuel stops when the water level falls and exposes 
the fuel. Overheating and exposure causes damage to the fuel and the release of radionuclides. 

Isolation condenser system (IC) 
Steam is liquidized and is pushed 
back by the pressure of the steam.

Reactor core isolation cooling 
system (RCIC) 
RCIC turbine generate electricity. 
RCIC pump push water back to 
the pressure vessel.



What has happened in the NPP
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FIG. 2.4. The elevations and locations of structures and components at the Fukushima Daiichi NPP [20]. 

Loss of DC power in Units 1, 2 and 4 

All units at the Fukushima Daiichi NPP were equipped with on-site DC sources as an emergency 
power supply, but the flooding also affected this equipment in Units 1, 2 and 4, inundating the DC 
batteries, power panels or connections. Consequently, DC power was gradually lost in Units 1, 2 and 
4 during the first 10–15 minutes of the flooding, making it difficult to cope with the station blackout. 



Monitoring system 
Control the valves.

Batteries for the reactor 1, 2 and 4 were lost by the tsunami.  
Batteries for the reactor 3 survived.

DC power (Battery)

They could not know the status of valves.
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Box 2.2. Systems for cooling the core when the reactor is isolated from the turbines 
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reactor is isolated, this path is not available and core cooling is provided by the systems designed for an 
isolated reactor under high pressure conditions which exist after reactor shutdown. In the design of the 
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steam was vented to the atmosphere, which served as the heat sink. The secondary side water volume of the 
isolation condenser (both trains together) was sufficient for eight hours of cooling before requiring 
replenishment from a dedicated water source. 

 

Reactor core isolation cooling. In the design of Units 2–6, there were open cycle cooling systems that 
needed a source for adding water to the reactor system. In the reactor core isolation cooling systems, the 
steam from the reactor drove a small turbine which, in turn, ran a pump that injected water into the reactor 
at high pressure. The steam that ran the turbine was discharged and accumulated in the suppression pool 
section of the primary containment vessel, which served as the heat sink for absorbing waste heat. The 
water lost from the reactor was replenished by taking fresh water from the condensate storage tank (see the 
diagram below). When the tank emptied or the suppression pool became full, the water that accumulated in 
the suppression pool could be used, making the system essentially a closed loop cycle. The reactor core 
isolation cooling was designed to operate for at least four hours. 

1) Duplicate IC system. 
2) Valves works either AC power or DC 
power. 
But, Both AC and DC were lost.

Operation of IC (valve status) was not monitored. 
……… They were not working.

It is simulated that water level is at TAS (Top of Active Fuel) 
approx. 3 hours after Tsunami. 

Design pressure of vessels should not be exceeded.  
8.4MPs (Pressure vessel) / 0.53 MPs (Containment vessel) 
Explosion of vessels causes sever ejection of radio activities.
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In operation (over scale)
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In operation (7.0MPa abs)
Release valve function setting pressure (7.37,7.44,7.51MPa abs)

Design pressure (8.7MPa abs)

Operation pressure (7.0MPa abs)

㪇㪅㪇㪇㪇

㪇㪅㪉㪇㪇

㪇㪅㪋㪇㪇

㪇㪅㪍㪇㪇

㪇㪅㪏㪇㪇

㪈㪅㪇㪇㪇

㪊㪆㪈㪈

㪈㪉㪑㪇㪇

㪊㪆㪈㪈

㪈㪊㪑㪇㪇

㪊㪆㪈㪈

㪈㪋㪑㪇㪇

㪊㪆㪈㪈

㪈㪌㪑㪇㪇

㪊㪆㪈㪈

㪈㪍㪑㪇㪇

㪊㪆㪈㪈

㪈㪎㪑㪇㪇

㪊㪆㪈㪈

㪈㪏㪑㪇㪇

㪊㪆㪈㪈

㪈㪐㪑㪇㪇

㪊㪆㪈㪈

㪉㪇㪑㪇㪇

㪊㪆㪈㪈

㪉㪈㪑㪇㪇

㪊㪆㪈㪈

㪉㪉㪑㪇㪇

㪊㪆㪈㪈

㪉㪊㪑㪇㪇

㪊㪆㪈㪉

㪇㪑㪇㪇

㪊㪆㪈㪉

㪈㪑㪇㪇

㪊㪆㪈㪉

㪉㪑㪇㪇

㪊㪆㪈㪉

㪊㪑㪇㪇

㪊㪆㪈㪉

㪋㪑㪇㪇

㪊㪆㪈㪉

㪌㪑㪇㪇

㪊㪆㪈㪉

㪍㪑㪇㪇

㪊㪆㪈㪉

㪎㪑㪇㪇

㪊㪆㪈㪉

㪏㪑㪇㪇

㪊㪆㪈㪉

㪐㪑㪇㪇

㪊㪆㪈㪉

㪈㪇㪑㪇㪇

㪊㪆㪈㪉

㪈㪈㪑㪇㪇

㪊㪆㪈㪉

㪈㪉㪑㪇㪇

㪊㪆㪈㪉

㪈㪊㪑㪇㪇

㪊㪆㪈㪉

㪈㪋㪑㪇㪇

㪊㪆㪈㪉

㪈㪌㪑㪇㪇

㪊㪆㪈㪉

㪈㪍㪑㪇㪇

㪊㪆㪈㪉

㪈㪎㪑㪇㪇

㪊㪆㪈㪉

㪈㪏㪑㪇㪇

㪊㪆㪈㪉

㪈㪐㪑㪇㪇

㪊㪆㪈㪉
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㪉㪉㪑㪇㪇

㪊㪆㪈㪉
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In operation (0.11MPa abs)

Design pressure (0.53MPa abs)

Not manually operated

Reactor
seawater

injection via
fire engine

began
(19:04)

Operators leave
for field to

perform venting
operation
(09:04)

D/W pressure
drop confirmed

(14:30)

Fire engine reactor
fresh water

injection complete
(Around 04:00)

TAF

L-0䋨-1405mm䋩

L-L䋨1950mm䋩

NWL䋨4370mm䋩

L-8䋨4643mm䋩

Automatically
activated
(14:52)

Superintendent
ordered

deliberation on
injection
method
(17:12)

T/B dose increase
(23:00)

Site dose increase
(04:23)

Subsystem A

Subsystem B

Okuma town
evacuation
confirmed
䋨09:02䋩

S/C
MO valve
opening

performed
(09:15)

S/C bypass valve
field opening

halted
(09:32)

S/C bypass valve
opened from MCR
(10:17 to 10:24)

Temporary
compressor

activated
(Around
14:00)

Superintendent
orders seawater

injection
(14:54)

<MAAP analysis>

Superintendent
orders venting

(08:03)

MO-3A
closing

operation
(18:25)

MO-3A, 2A
 opening operation
Steam generation

confirmed
(18:18)

Not activated (reactor water level did not drop to automatic activation levels in the time period between earthquake occurrence anSBO; no record of activation, including manual activation)

Injection
completed

䌛Total: approx.
80t]

(14:53)

Superintendent orders
venting preparation

(00:06)

B

A

D

C
G

E

F
*2 Response status at Fukushima Daiichi NPS and Fukushima Daini NPS (Separate sheet)

*1 Shift turnover ledger (calculated for wide range (+3430mm))
*2 Response status at Fukushima Daiichi NPS and Fukushima Daini NPS (Separate sheet)
*3 Shift turnover ledger
*4 Fuel area water level gauge is in place for water level monitoring during reactor LOCA, and is
corrected via atmospheric pressure and saturation temp. Therefore, it does not show correct values
under high pressure. This data shows recorded values (raw values).

3/11 3/12

̪䋲

̪䋲

̪䋲

Began pressure control
via Subsystem A after
temporary shutdown

䋨15:03䋩

DDFP field
check began

(16:55)

DDFP shut
down after
automatic
activation
(17:30)

Alternate
injection line

up began
(18:35)

DDFP
shutdown
confirmed

(01:48)

Fire engine
reactor fresh

water injection
restarted
(05:46)

Boron injection
into reactor starts

(20:45)

Alternate injection
line up completed
(Around 20:30)

DDFP activation
confirmed in field

(20:50)

Fire engine
reactor fresh

water injection
halted

䋨04:22䋩

̪䋳

̪䋱

Deliberation
on fire engine

use began
(02:03)

D/W & S/C
pressure
䌛MPa abs䌝

Reactor
water level
[mm]

Reactor
pressure
䌛MPa abs䌝

Arrival of
first tsunami
wave
(15:27)

Earthquake
occurrence

(14:46)

TAF reached
<Approx. 3 hours

after earthquake occurrence>
(around 18:10)

Core damage start
[Hydrogen generation start]
<Approx. 4 hours after
earthquake occurrence>

Unit 1 R/B explosion
(15:36)

MO-3A, 2A
 opening operation
Steam generation

confirmed
(21:30)

Subsystem A reactor pressure (MPa abs)
Subsystem B reactor pressure (MPa abs)

Reactor water level (fuel area*5) (A) (mm)
Reactor water level (fuel area*5) (B) (mm)

S/C pressure (MPa abs)
D/W pressure (MPa abs)

<MAAP analysis> 
TAF reached 
Approx. 3 hours after

<MAAP analysis> 
Core damage start 
Hydrogen generation start 
Approx. 4 hours after

Dose rate increased 
at Turbine Building

Site Dose rate increased

0:00 12:00 15:3614:46

11 March 12 March

Low pressure core 
injection system 
(LPCI) was activated

Design pressure

Reactor 
Water level

 pressure  
vessel

primary 
containment 
vessel

Vent

Design pressure



Hydrogen

At high temperatures (>1,200 ℃), zirconium reacts with steam to form zirconium 
dioxide and hydrogen. This is an exothermic reaction, so it generates additional 
heat. In a severe nuclear reactor accident, the zirconium fuel cladding can react 
rapidly with steam, producing a large amount of hydrogen. The accumulation of 
this hydrogen can lead to hydrogen explosions.

Zr+2H2O→ZrO2 +2H2

Fukushima Chuo TV

Uranium fuel pellets are encased in metal tube made from zirconium alloys.
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PCV venting

Reactor
cooling

HPCI

Depressurization

LPCI

IC

HPCI

SRV

FP/Fire engine
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In operation (over scale)
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In operation (7.0MPa abs)
Release valve function setting pressure (7.37,7.44,7.51MPa abs)

Design pressure (8.7MPa abs)

Operation pressure (7.0MPa abs)
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*1 Shift turnover ledger (calculated for wide range (+3430mm))
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*3 Shift turnover ledger
*4 Fuel area water level gauge is in place for water level monitoring during reactor LOCA, and is
corrected via atmospheric pressure and saturation temp. Therefore, it does not show correct values
under high pressure. This data shows recorded values (raw values).
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Box 2.2. Systems for cooling the core when the reactor is isolated from the turbines (cont.) 

 

The decay heat from the nuclear fuel in Units 4–6 also had to be removed: 

 In Unit 4, the equipment for cooling and refilling of spent fuel pool water28 stopped working as a 
result of the loss of off-site power. The Unit 4 spent fuel pool, containing more than 1300 spent 
fuel assemblies, had the largest amount of decay heat to be removed among all the spent fuel 
pools of the units. 

 In Unit 5, the reactor pressure, which was being kept elevated by the use of a pump for pressure 
testing purposes at the time of the earthquake, initially dropped when the pump stopped as a result 
of the loss of off-site power. The pressure started to rise due to decay heat, but unlike in Units 2 
and 3, it remained well below the levels to activate the safety relief valves. 

 In Unit 6, the reactor was near atmospheric pressure and room temperature with fuel in the core, 
and the decay heat was low. 

                            
28 The spent fuel pools, which store the used and new fuel assemblies, are filled with water, providing radiation shielding and 
removal of heat from the nuclear fuel located there. However, without cooling, the pool water would heat up and eventually 
start evaporating. If this situation continues without refilling, the cooling of fuel stops when the water level falls and exposes 
the fuel. Overheating and exposure causes damage to the fuel and the release of radionuclides. 

DC power was available for about two days 
The reactor core isolation cooling and the high 
pressure coolant injection systems 
using steam driven pumps were available. 

This system was very effective in reducing pressure.  
Inlet steam pressure to the pump turbine dropped below the pump’s specifications.  
The operators decided to shut down the system after about 14 hours. 

operators prepared to inject sea water into the reactor vessel.  
However, due to the high reactor pressure, it was not possible to inject sea water 
until the reactor was depressurized. 
Because of the delay in injecting sea water into the reactor vessel, the water level 
continued to drop close to the top of the fuel.

Unit 1 explosion disturbed the water injection work. 
To low for turbine but too high for water injection
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times from here onward

S/C isolation valve
and bypass valve
confirmed closed

(16:00)

S/C
isolation valve

opening
(16:05)

S/C bypass valve
opening
(05:20)

S/C bypass valve
confirmed open

(6:10)

Temporary
compressor

installed
(around 19:00)

D/W
pressure drop

confirmed
(around 09:20)

S/C
isolation

valve
confirmed

closed
(11:17)

S/C
isolation

valve
confirme
d open
(12:30)

*Determined to be 06:12 from
seismometer measurement records

Reactor
water
level
[mm]

Reactor
pressure
䌛MPa abs䌝

D/W &
S/C
pressure
䌛MPa abs䌝

Core damage start
[Hydrogen generation start]
<Approx. 44 hours after
earthquake occurrence>
(around 10:40)

Opening operation performed multiple
times from here onward

Reactor water level (fuel zone*1)䋨A) (mm䋩

Reactor water level (fuel zone*1)㩷(B) (mm)

Shift Handover Ledger Attached Sheet Sheet
water level 䇭*2(mm)

Seawater injection
restarted

(around 15:30)

Seawater injection
start 䋨13:12䋩

Reactor 
Water level 

 pressure  
vessel

primary 
containment 
vessel

14:46

11 March 12 March 13 March 14 March

11:01 06:14Unit 3 
explosion

Unit 4 
explosion

Unit 1 
explosion



Unit-4
Pressure vessel was empty for maintenance.  
All fuels were temporary at the spent fuel pool.

Unit-4 building also caused explosion. 
Why?



Unit-4
exhaust stack

Unit 3 building
Unit 4 building

Vent Gas



Unit-2
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Box 2.2. Systems for cooling the core when the reactor is isolated from the turbines (cont.) 

 

The decay heat from the nuclear fuel in Units 4–6 also had to be removed: 

 In Unit 4, the equipment for cooling and refilling of spent fuel pool water28 stopped working as a 
result of the loss of off-site power. The Unit 4 spent fuel pool, containing more than 1300 spent 
fuel assemblies, had the largest amount of decay heat to be removed among all the spent fuel 
pools of the units. 

 In Unit 5, the reactor pressure, which was being kept elevated by the use of a pump for pressure 
testing purposes at the time of the earthquake, initially dropped when the pump stopped as a result 
of the loss of off-site power. The pressure started to rise due to decay heat, but unlike in Units 2 
and 3, it remained well below the levels to activate the safety relief valves. 

 In Unit 6, the reactor was near atmospheric pressure and room temperature with fuel in the core, 
and the decay heat was low. 

                            
28 The spent fuel pools, which store the used and new fuel assemblies, are filled with water, providing radiation shielding and 
removal of heat from the nuclear fuel located there. However, without cooling, the pool water would heat up and eventually 
start evaporating. If this situation continues without refilling, the cooling of fuel stops when the water level falls and exposes 
the fuel. Overheating and exposure causes damage to the fuel and the release of radionuclides. 

DC power was not available. However, the 
reactor core isolation cooling and the high 
pressure coolant injection systems 
using steam driven pumps were working. 

It worked three days and lost.

Water injection and venting were prepared but lost by explosion of unit 3.

No vent

Pressure of Containment vessel was more than 0.7 MPa 
(Design pressure is 0.47 MPa)



Fukushima Daiichi Unit 2 Plant Parameters Transient Reference 8-12

PCV venting

Depressurization

LPCI

RCIC

HPCI

SRV

FP/fire engines

High pressure
injection

㪄㪋㪇㪇㪇

㪄㪉㪇㪇㪇

㪇

㪉㪇㪇㪇

㪋㪇㪇㪇

㪍㪇㪇㪇

㪊㪆㪈㪈㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪈㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪈㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪉㩷㪇㪑㪇㪇 㪊㪆㪈㪉㩷㪋㪑㪇㪇 㪊㪆㪈㪉㩷㪏㪑㪇㪇 㪊㪆㪈㪉㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪉㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪉㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪊㩷㪇㪑㪇㪇 㪊㪆㪈㪊㩷㪋㪑㪇㪇 㪊㪆㪈㪊㩷㪏㪑㪇㪇 㪊㪆㪈㪊㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪊㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪊㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪋㩷㪇㪑㪇㪇 㪊㪆㪈㪋㩷㪋㪑㪇㪇 㪊㪆㪈㪋㩷㪏㪑㪇㪇 㪊㪆㪈㪋㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪋㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪋㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪌㩷㪇㪑㪇㪇 㪊㪆㪈㪌㩷㪋㪑㪇㪇 㪊㪆㪈㪌㩷㪏㪑㪇㪇 㪊㪆㪈㪌㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪌㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪌㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪍㩷㪇㪑㪇㪇

㪇

㪉㪇

㪋㪇

㪍㪇

㪏㪇

㪈㪇㪇

㪈㪉㪇

㪈㪋㪇

㪈㪍㪇

㪈㪏㪇

㪉㪇㪇㪩㪼㪸㪺㫋㫆㫉㩷㫎㪸㫋㪼㫉㩷㫃㪼㫍㪼㫃㩷㩿㪽㫌㪼㫃㩷㫉㪸㫅㪾㪼㪁㪈㪀㩿㪘㪀㩷㩿㫄㫄㪀

㪩㪼㪸㪺㫋㫆㫉㩷㫎㪸㫋㪼㫉㩷㫃㪼㫍㪼㫃㩷㩿㪽㫌㪼㫃㩷㫉㪸㫅㪾㪼㪁㪈㪀㩿㪙㪀㩷㩿㫄㫄㪀

㪚㪘㪤㪪㩷㪛㪆㪮㩿㪘㪀䋨㪪㫍㪆㪿䋩

㪚㪘㪤㪪㩷㪪㪆㪚㩿㪘㪀䋨㪪㫍㪆㪿䋩

㪠㫅㩷㫆㫇㪼㫉㪸㫋㫀㫆㫅㩷㩿㫆㫍㪼㫉㩷㫊㪺㪸㫃㪼㪀
㪣㪄㪏(㪌㪍㪌㪊㫄㫄)

㪁㪈㩷㪝㫌㪼㫃㩷㫉㪸㫅㪾㪼㩷㫎㪸㫋㪼㫉㩷㫃㪼㫍㪼㫃㩷㫄㪼㫋㪼㫉㩷㫀㫊㩷㫀㫅㫋㪼㫅㪻㪼㪻㩷㪽㫆㫉㩷㫌㫊㪼㩷㫀㫅㩷㫃㫆㫊㫊㩷㫆㪽㩷㪺㫆㫆㫃㪸㫅㫋㩷㪸㪺㪺㫀㪻㪼㫅㫋

㩿㪣㪦㪚㪘㪀 㪸㫅㪻㩷㫀㫊㩷㪺㪸㫃㫀㪹㫉㪸㫋㪼㪻㩷㪽㫆㫉㩷㫌㫊㪼㩷㫀㫅㩷㪸㫋㫄㫆㫊㫇㪿㪼㫉㫀㪺㩷㫇㫉㪼㫊㫊㫌㫉㪼㪃㩷㫊㪸㫋㫌㫉㪸㫋㫀㫆㫅㩷㫋㪼㫄㫇㪼㫉㪸㫋㫌㫉㪼
㪺㫆㫅㪻㫀㫋㫀㫆㫅㫊㪅㩷㪫㪿㪼㫉㪼㪽㫆㫉㪼㪃㩷㫌㫅㪻㪼㫉㩷㪿㫀㪾㪿㩷㫇㫉㪼㫊㫊㫌㫉㪼㩷㪺㫆㫅㪻㫀㫋㫀㫆㫅㫊㪃㩷㫀㫋㩷㪻㫆㪼㫊㩷㫅㫆㫋㩷㫊㪿㫆㫎㩷㪸㫅㩷㪸㪺㪺㫌㫉㪸㫋㪼

㫉㪼㪸㪻㫀㫅㪾㪅㩷㪠㫅㩷㫋㪿㫀㫊㩷㪾㫉㪸㫇㪿㪃㩷㫋㪿㪼㩷㫊㪿㫆㫎㫅㩷㫍㪸㫃㫌㪼㫊㩷㪸㫉㪼㩷㪸㫊㪄㫀㫊㩷㫉㪼㪸㪻㫀㫅㪾㫊㩷㫆㪽㩷㫉㪼㪺㫆㫉㪻㪼㪻㩷㫍㪸㫃㫌㪼㫊㪅

㪇㪅㪇㪇

㪉㪅㪇㪇

㪋㪅㪇㪇

㪍㪅㪇㪇

㪏㪅㪇㪇

㪈㪇㪅㪇㪇

㪊㪆㪈㪈㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪈㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪈㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪉㩷㪇㪑㪇㪇 㪊㪆㪈㪉㩷㪋㪑㪇㪇 㪊㪆㪈㪉㩷㪏㪑㪇㪇 㪊㪆㪈㪉㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪉㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪉㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪊㩷㪇㪑㪇㪇 㪊㪆㪈㪊㩷㪋㪑㪇㪇 㪊㪆㪈㪊㩷㪏㪑㪇㪇 㪊㪆㪈㪊㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪊㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪊㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪋㩷㪇㪑㪇㪇 㪊㪆㪈㪋㩷㪋㪑㪇㪇 㪊㪆㪈㪋㩷㪏㪑㪇㪇 㪊㪆㪈㪋㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪋㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪋㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪌㩷㪇㪑㪇㪇 㪊㪆㪈㪌㩷㪋㪑㪇㪇 㪊㪆㪈㪌㩷㪏㪑㪇㪇 㪊㪆㪈㪌㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪌㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪌㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪍㩷㪇㪑㪇㪇

㪠㫅㩷㫆㫇㪼㫉㪸㫋㫀㫆㫅㩷㩿㪎㪅㪈㪤㪧㪸㩷㪸㪹㫊㪀

㪩㪼㫃㪼㪸㫊㪼㩷㫍㪸㫃㫍㪼㩷㪽㫌㫅㪺㫋㫀㫆㫅㩷㫊㪼㫋㫋㫀㫅㪾㩷㫇㫉㪼㫊㫊㫌㫉㪼㩷㩿㪎㪅㪌㪋㪃㪎㪅㪍㪈㪃㪎㪅㪍㪏㪤㪧㪸㩷㪸㪹㫊㪀

㪛㪼㫊㫀㪾㫅㩷㫇㫉㪼㫊㫊㫌㫉㪼㩷㩿㪏㪅㪎㪤㪧㪸㩷㪸㪹㫊㪀

㪦㫇㪼㫉㪸㫋㫀㫅㪾㩷㫇㫉㪼㫊㫊㫌㫉㪼㩷㩿㪎㪅㪈㪤㪧㪸㩷㪸㪹㫊㪀

㪇

㪇㪅㪉

㪇㪅㪋

㪇㪅㪍

㪇㪅㪏

㪈

㪊㪆㪈㪈㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪈㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪈㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪉㩷㪇㪑㪇㪇 㪊㪆㪈㪉㩷㪋㪑㪇㪇 㪊㪆㪈㪉㩷㪏㪑㪇㪇 㪊㪆㪈㪉㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪉㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪉㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪊㩷㪇㪑㪇㪇 㪊㪆㪈㪊㩷㪋㪑㪇㪇 㪊㪆㪈㪊㩷㪏㪑㪇㪇 㪊㪆㪈㪊㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪊㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪊㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪋㩷㪇㪑㪇㪇 㪊㪆㪈㪋㩷㪋㪑㪇㪇 㪊㪆㪈㪋㩷㪏㪑㪇㪇 㪊㪆㪈㪋㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪋㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪋㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪌㩷㪇㪑㪇㪇 㪊㪆㪈㪌㩷㪋㪑㪇㪇 㪊㪆㪈㪌㩷㪏㪑㪇㪇 㪊㪆㪈㪌㩷㪈㪉㪑㪇㪇 㪊㪆㪈㪌㩷㪈㪍㪑㪇㪇 㪊㪆㪈㪌㩷㪉㪇㪑㪇㪇 㪊㪆㪈㪍㩷㪇㪑㪇㪇

㪪㪆㪚㩷㫇㫉㪼㫊㫊㫌㫉㪼㩷㩿㪤㪧㪸㩷㪸㪹㫊㪀

㪛㪆㪮㩷㫇㫉㪼㫊㫊㫌㫉㪼㩷㩿㪤㪧㪸㩷㪸㪹㫊㪀

㪠㫅㩷㫆㫇㪼㫉㪸㫋㫀㫆㫅㩷㩿㪇㪅㪈㪈㪤㪧㪸㩷㪸㪹㫊㪀

㪛㪼㫊㫀㪾㫅㩷㫇㫉㪼㫊㫊㫌㫉㪼㩷㩿㪇㪅㪋㪐㪤㪧㪸㩷㪸㪹㫊㪀

㪜㪸㫉㫋㪿㫈㫌㪸㫂㪼
㫆㪺㪺㫌㫉㫉㪼㫅㪺㪼

(14:46)

㪘㫉㫉㫀㫍㪸㫃㩷㫆㪽㩷㪽㫀㫉㫊㫋
㫋㫊㫌㫅㪸㫄㫀㩷㫎㪸㫍㪼

(15:27)

㪥㫆㫋㩷㪸㪺㫋㫀㫍㪸㫋㪼㪻㩷(㫉㪼㪸㪺㫋㫆㫉㩷㫎㪸㫋㪼㫉㩷㫃㪼㫍㪼㫃㩷㪻㫀㪻㩷㫅㫆㫋㩷㪻㫉㫆㫇㩷㫋㫆㩷㪸㫌㫋㫆㫄㪸㫋㫀㪺㩷㪸㪺㫋㫀㫍㪸㫋㫀㫆㫅㩷㫃㪼㫍㪼㫃㫊㩷㫀㫅㩷㫋㪿㪼㩷㫋㫀㫄㪼㩷㫇㪼㫉㫀㫆㪻㩷㪹㪼㫋㫎㪼㪼㫅㩷㪼㪸㫉㫋㪿㫈㫌㪸㫂㪼㩷㫆㪺㪺㫌㫉㫉㪼㫅㪺㪼㩷㪸㫅㪻㩷㪪㪙㪦㪒㩷㫅㫆㩷㫉㪼㪺㫆㫉㪻㩷㫆㪽㩷㪸㪺㫋㫀㫍㪸㫋㫀㫆㫅㪃㩷㫀㫅㪺㫃㫌㪻㫀㫅㪾㩷㫄㪸㫅㫌㪸㫃㩷㪸㪺㫋㫀㫍㪸㫋㫀㫆㫅)

㪪㫋㪸㫉㫋㪼㪻㩷㪽㫀㫉㪼

㪼㫅㪾㫀㫅㪼㩷㪽㫆㫉

㫀㫅㫁㪼㪺㫋㫀㫆㫅㩷㫆㪽

㫊㪼㪸㫎㪸㫋㪼㫉

(around 15:30)

㪪㫌㫇㪼㫉㫀㫅㫋㪼㫅㪻㪼㫅㫋

㫆㫉㪻㪼㫉㫊㩷㪽㫀㪼㫃㪻㩷to
start 㫍㪼㫅㫋㫀㫅㪾

(10:15)

㪩
㪼
㪸㪺
㫋㫆
㫉㩷㫎

㪸㫋㪼
㫉

㫃㪼
㫍㪼
㫃

㪩
㪼
㪸㪺
㫋㫆
㫉㩷㫇

㫉㪼
㫊㫊㫌

㫉㪼
S

/C
 㫇
㫉㪼
㫊㫊㫌

㫉㪼
D

/W
 㫇
㫉㪼
㫊㫊㫌

㫉㪼

TAF
L-0(-1220mm)

L-1(450mm)

NWL(5327mm)

㪤㪸㫅㫌㪸㫃

㫊㫋㪸㫉㫋㫌㫇

(14:50)

㪪㫌㫇㪼㫉㫀㫅㫋㪼㫅㪻㪼㫅㫋

㫆㫉㪻㪼㫉㪼㪻

㪻㪼㫃㫀㪹㪼㫉㪸㫋㫀㫆㫅㩷㫆㫅

㫀㫅㫁㪼㪺㫋㫀㫆㫅㩷㫄㪼㫋㪿㫆㪻

(17:12)

㪪㫀㫋㪼㩷㪻㫆㫊㪼㩷㫀㫅㪺㫉㪼㪸㫊㪼

(4:23)
㪬㫅㫀㫋㩷㪈㩷㪩㪆㪙㩷㪼㫏㫇㫃㫆㫊㫀㫆㫅

(15:36)

㪲mm㪴

䌛MPa abs䌝

䌛MPa abs䌝

L-2(2950mm)

㪧㫉㪼㫊㫊㫌㫉㪼

㫉㪼㪻㫌㪺㫋㫀㫆㫅

㫊㫋㪸㫉㫋㪼㪻

(18:02)

Two 㪪㪩㪭㫊
㫆㫇㪼㫅㪼㪻㩷㪸㫅㪻㩷㫎㪸㫋㪼㫉

㫃㪼㫍㪼㫃㩷㫉㪼㪺㫆㫍㪼㫉㫐

㪺㫆㫅㪽㫀㫉㫄㪼㪻

(21:20)

㪪㫌㫇㪼㫉㫀㫅㫋㪼㫅㪻㪼㫅㫋

㫆㫉㪻㪼㫉㫊㩷㫍㪼㫅㫋㫀㫅㪾

㫇㫉㪼㫇㪸㫉㪸㫋㫀㫆㫅

(17:30)

㪭㪼㫅㫋㩷㫃㫀㫅㪼

㪺㫆㫅㪽㫀㪾㫌㫉㪸㫋㫀㫆㫅

㪺㫆㫄㫇㫃㪼㫋㪼㪻

(11:00)

㪬㫅㫀㫋㩷㪊㩷㪩㪆㪙㩷㪼㫏㫇㫃㫆㫊㫀㫆㫅

(11:01)

㪠㫅㫁㪼㪺㫋㫀㫆㫅㩷㫆㪽

㫊㪼㪸㫎㪸㫋㪼㫉㩷㪹㫐㩷㪽㫀㫉㪼

㪼㫅㪾㫀㫅㪼㫊㩷㫊㫋㪸㫉㫋㪼㪻

(19:54)

D/W㩷㪹㫐㫇㪸㫊㫊

㫍㪸㫃㫍㪼㩷㫆㫇㪼㫅

㫆㫇㪼㫉㪸㫋㫀㫆㫅

(0:01)

㪚㫆㫅㪽㫀㫉㫄㪼㪻

㫋㪿㪸㫋㩷㫀㫋㩷㫀㫊㩷㫀㫅

㫆㫇㪼㫉㪸㫋㫀㫆㫅

(2:55)

㪝㫌㫅㪺㫋㫀㫆㫅㩷㫃㫆㫊㫊

㪻㪼㪺㫀㫊㫀㫆㫅

(13:25)

TAF 㫉㪼㪸㪺㪿㪼㪻
<㪘㫇㫇㫉㫆㫏㪅㩷74㩷㪿㫆㫌㫉㫊
㪸㪽㫋㪼㫉㩷㪼㪸㫉㫋㪿㫈㫌㪸㫂㪼

㫆㪺㪺㫌㫉㫉㪼㫅㪺㪼> (㪸㫉㫆㫌㫅㪻
17:00)

�/##2�CPCN[UKU 

㪪㫌㫇㪼㫉㫀㫅㫋㪼㫅㪻㪼㫅㫋

㫆㫉㪻㪼㫉㫊㩷㫊㪼㪸㫎㪸㫋㪼㫉

㫌㫊㪼㩷㫇㫉㪼㫇㪸㫉㪸㫋㫀㫆㫅

(12:05)

㪝㫀㫉㪼㩷㪼㫅㪾㫀㫅㪼

㫊㪿㫌㫋㪻㫆㫎㫅㩷㪻㫌㪼㩷㫋㫆

㪽㫌㪼㫃㩷㪼㫏㪿㪸㫌㫊㫋㫀㫆㫅

㪺㫆㫅㪽㫀㫉㫄㪼㪻

(19:20)

S/C㩷㪹㫐㫇㪸㫊㫊㩷㫍㪸㫃㫍㪼

㫆㫇㪼㫅㫀㫅㪾㩷㫆㫇㪼㫉㪸㫋㫀㫆㫅㩷㪆㩷㫃㫀㫅㪼

㪺㫆㫅㪽㫀㪾㫌㫉㪸㫋㫀㫆㫅㩷㪺㫆㫄㫇㫃㪼㫋㪼㪻

(around 㪉㪈㪑㪇㪇)

A
C

E

D

F

G

B

㪲Sv/h㪴

㪬㫅㫀㫋㩷㪋㩷㪩㪆㪙㩷㪼㫏㫇㫃㫆㫊㫀㫆㫅

(Around 6:14)

3/11 3/12 3/13 3/14 3/15
㪘㫌㫋㫆㫄㪸㫋㫀㪺

㫊㪿㫌㫋㪻㫆㫎㫅

(14:51)

㪤㪸㫅㫌㪸㫃

㫊㫋㪸㫉㫋㫌㫇

(15:02)

㪤㪸㫅㫌㪸㫃

㫊㫋㪸㫉㫋㫌㫇

(15:39)

㪘㫌㫋㫆㫄㪸㫋㫀㪺

㫊㪿㫌㫋㪻㫆㫎㫅

(15:28)

DDFP
㫊㪿㫌㫋㪻㫆㫎㫅

㪺㫆㫅㪽㫀㫉㫄㪼㪻

(1:20)

㪮㪸㫋㪼㫉

㫊㫆㫌㫉㪺㪼

㫊㫎㫀㫋㪺㪿㫀㫅㪾

㫊㫋㪸㫉㫋㪼㪻

(4:20)

㪮㪸㫋㪼㫉

㫊㫆㫌㫉㪺㪼

㫊㫎㫀㫋㪺㪿㫀㫅㪾

㪺㫆㫄㫇㫃㪼㫋㪼㪻

(5:00)

MO㩷㫍㪸㫃㫍㪼

㫆㫇㪼㫅㫀㫅㪾

㫇㪼㫉㪽㫆㫉㫄㪼㪻

(8:10)

S/C㩷㫀㫊㫆㫃㪸㫋㫀㫆㫅

㫍㪸㫃㫍㪼㩷㪺㫃㫆㫊㪼㪻

㪺㫆㫅㪽㫀㫉㫄㪼㪻

(12:50)

㪪㪼㪸㫎㪸㫋㪼㫉

㫀㫅㫁㪼㪺㫋㫀㫆㫅㩷㫃㫀㫅㪼

㪺㫆㫅㪽㫀㪾㫌㫉㪸㫋㫀㫆㫅

㫉㪼㫊㫌㫄㪼㪻

(13:05)

㪪㪼㪸㫎㪸㫋㪼㫉

㫀㫅㫁㪼㪺㫋㫀㫆㫅㩷㫃㫀㫅㪼

㪺㫆㫅㪽㫀㪾㫌㫉㪸㫋㫀㫆㫅

㫊㫋㪸㫉㫋㪼㪻

(around 21:00)

㪪㪼㪸㫎㪸㫋㪼㫉

㫀㫅㫁㪼㪺㫋㫀㫆㫅㩷㫃㫀㫅㪼

㪺㫆㫅㪽㫀㪾㫌㫉㪸㫋㫀㫆㫅

㪺㫆㫄㫇㫃㪼㫋㪼㪻

(on the 11th)

㪚㫆㫅㪽㫀㫉㫄㪼㪻㩷㫋㪿㪸㫋㩷㫀㫋

㫀㫊㩷㫀㫅㩷㫆㫇㪼㫉㪸㫋㫀㫆㫅

(around 21:00)

㪚㫆㫅㪽㫀㫉㫄㪼㪻㩷㫋㪿㪸㫋㩷㫀㫋㩷㫀㫊

㫀㫅㩷㫆㫇㪼㫉㪸㫋㫀㫆㫅

(10:40)

㪚㫆㫅㪽㫀㫉㫄㪼㪻㩷㫋㪿㪸㫋㩷㫀㫋

㫀㫊㩷㫀㫅㩷㫆㫇㪼㫉㪸㫋㫀㫆㫅

(13:50)

㪧㫉㪼㫊㫊㫌㫉㪼

㫉㪼㪻㫌㪺㫋㫀㫆㫅

㫆㫇㪼㫉㪸㫋㫀㫆㫅㩷㫊㫋㪸㫉㫋㪼㪻

(16:34)

S/C㩷㫀㫊㫆㫃㪸㫋㫀㫆㫅㩷㫍㪸㫃㫍㪼

㫆㫇㪼㫅㩷㫆㫇㪼㫉㪸㫋㫀㫆㫅

(around 16:00)

㪪㪩㪭㩷㫆㫇㪼㫅

㫆㫇㪼㫉㪸㫋㫀㫆㫅

㫊㫋㪸㫉㫋㪼㪻

(23:00)

㪪㪩㪭㩷㫆㫇㪼㫅

㫆㫇㪼㫉㪸㫋㫀㫆㫅

㫊㫋㪸㫉㫋㪼㪻

(1:10)

H

㪙㪸㫋㫋㪼㫉㫐

㪺㫆㫅㫅㪼㪺㫋㪼㪻㩷㫋㫆

㪺㫆㫅㫋㫉㫆㫃㩷㫇㪸㫅㪼㫃

(13:10)

㪫㪼㫄㫇㫆㫉㪸㫉㫐

㪺㫆㫄㫇㫉㪼㫊㫊㫆㫉

㫀㫅㫊㫋㪸㫃㫃㪼㪻

(around 3:00) *㩷㪚㫆㫅㪽㫀㫉㫄㪼㪻㩷㫋㪿㪸㫋㩷㫀㫋㩷㫎㪸㫊㩷㪺㫃㫆㫊㪼㪻㩷㪸㩷㪺㫆㫌㫇㫃㪼㩷㫆㪽㩷㫄㫀㫅㫌㫋㪼㫊㩷㫃㪸㫋㪼㫉

㪁

*㩷㪡㫌㪻㪾㪼㪻㩷㫋㫆㩷㪹㪼㩷6:12㩷㪽㫉㫆㫄
㫆㪹㫊㪼㫉㫍㪸㫋㫀㫆㫅㩷㪻㪸㫋㪸㩷㫆㪽㩷㫊㪼㫀㫊㫄㫆㫄㪼㫋㪼㫉㫊

Core damage started
[hydrogen started to

generate]<Approx. 77
hours after earthquake

occurrence>(around 19:20)

Reactor 
W
ater level

   pressure.   
vessel

prim
ary 

containm
ent vessel

14:46

11 March 12 March 13 March 14 March

Unit 3 
explosion

Unit 4 
explosion

15 March

Unit 1 
explosion

Design pressure



Unit-2
Danger of explosion of containment vessel.

Direct ejection of Radio Activities

Pressure decreased  
=> direct Leak from containment vessel

As the result, unit 2 ejected more RI than the others.

No Hydrogen explosion.   
Blowout panel was opened by 
unit-1 explosion.



Spent Fuel Pool
 

Table 1 SFP Fuel Storage Conditions 

 
Number of fuel assemblies stored 

(numbers in parenthesis indicate new fuel 
assemblies) 

Storage capacity 

Unit 1 
SFP 

292 (100) 900 

Unit 2 
SFP 

587 (28) 1240 

Unit 3 
SFP 

514 (52) 1220 

Unit 4 
SFP 

1331 (204) 1590 

 
Table 2 SFP Decay Heat 

Decay Heat (MW) 
 When the accident occurred 

(3/11) 
3 months after the accident 

(6/11) 
Unit 1 SFP 0.18 0.16 
Unit 2 SFP 0.62 0.52 
Unit 3 SFP 0.54 0.46 
Unit 4 SFP 2.26 1.58 

 
Table 3 SFP Water Volume 

 Water Volume (m3) 
Unit 1 SFP 990 
Unit 2 SFP 1390 
Unit 3 SFP 1390 
Unit 4 SFP 1390* 

*㧦Water volume is 2,790m3 when the volumes of the reactor well and steam separator 
storage pool are added.  

 
Table 4 (1) Unit 1 SFP cooling water injection record 

Date of cooling 
water injection 

Cooling water 
injection volume 

(t) 
Injection measure 

Cooling water 
injection rate 

3/31 90 Concrete pump truck 0.7 
5/20 60 Concrete pump truck 0.7 

Attachment 9-1 (5/9)



Spent Fuel Pool
It became urgent problem. 
It has no containment vessel. Damage of spent fuel causes 
huge amount of RI ejection.  
In the worst case, millions of people must evacuate…..
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*Water level evaluation considers that water flowed from the well/DSPit side to the pool side since 
the reactor well side was completely full of water at the time the earthquake occurred. 

 
Figure 2  Unit 4 SFP evaluation results 

 
Since actual water level measurements almost match evaluation values is 
assumed that there are no leaks that will affect maintaining SFP water 
level. 
Water level measurements taken using a concrete pump truck thereafter 
closely match evaluation values and on April 28, 2003 an underwater 
camera was used to confirm that the majority of the fuel and fuel racks in 
the SFP are sound. 
These facts have led the to the conclusion that from the time the 
earthquake occurred until the present there has been no damage that will 
affect maintaining SFP water level, water level is being maintained 
through cooling water injection and that the fuel was not exposed. 
 

(3) Pool gate structure 
As shown in Figure 3, the pool gate is constructed to seal off the junction 
between the SFP and the reactor well from the SFP side and 

Water temperature  
evaluation value

Water temperature  
measurement value

Water level  
measurement value

Water level  
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3/15 Building damage confirmed (Water level decreases by 1m) 
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3/16 Water level checked from 
helicopter (water level 2-3m 
short of being full) 

Assumed that water flowed 
from the well side after 
pool  

Water level trends treating 
pool+well+DSpit water as one 

Surface temperature 

4/22 Assumed that the gate sealed after 
pool water level recovered during cooling 
water injection 

Attachment 9-5 (11/16)

SFP water. As shown in Figure 10, the water was measured by marking 
the water level over fixed intervals and by using a concrete pump truck to 
lower a thermocouple attached to a cable from the upper structure of the 
building. Water level was marked by measuring the length of the cable 
between a reference point, such as the fuel charger railing, etc., and the 
surface of the water. The cable was deemed to have reached the surface 
of the water when the thermocouple indicated a temperature change at 
which time the length of the lowered cable was measured. It is for this 
reason that measurement results are assumed to contain an approximate 
10cm degree of error. The temperature changes recorded during water 
level measurement are the temperatures for the surface of the SFB water. 
Therefore, in some cases the thermocouple was lowered further into the 
water and the water temperature was measured at a depth which is 
deemed to indicate the average temperature of the SFP water. 
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Figure 10 Method for measuring SFP water level and water temperature 
using a concrete pump truck 
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Attachment 9-5 (16/16)



IRSN:   Understanding the accident of Fukushima Daiichi

https://www.youtube.com/watch?v=ZJwg_McDGSI (70 min.)

https://www.youtube.com/watch?v=ZJwg_McDGSI
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IRSN:   Understanding the accident of Fukushima Daiichi
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What we should learn
Probability of an error 

= System failure probability 
× Backup system failure probability 
× Second backup system failure probability 
× Third backup system failure probability

It should be extremely small However it is not independent

the emergency diesel generators, battery rooms and switchgear 
were damaged by Tsunami.

Situation of neighboring units made the situation worse.

They are too close each other.


