
2. BOILING WATER REACTOR 
AND FUKUSHIMA DAIICHI NUCLEAR DISASTER

51

References
1. The Development of and Lessons from

the Fukushima Daiichi Nuclear Accident 
2. The Fukushima daiichi accident 

Technical volume 1: description and context of     
the accident



❖ 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

Fukushima Daiichi Nuclear Disaster



❖ Safety Philosophy 

⚫ Nuclear reactors are designed to maintain safety based on a philosophy of 

▪ Shutting down, Cooling down, Confining inside

Fukushima Daiichi Nuclear Disaster



❖ Safety Philosophy 

⚫ If cooling fails
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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

⚫ HPCI/RCIC

▪ Passive cooling system

▪ Available in the event of SBO

⚫ ADS

▪ Passive system

▪ Available in the event of SBO
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❖ Cooling system of Fukushima Daiichi Units 2 and 3

⚫ LPCI/LPCS

▪ Active system

▪ Not available in the event of SBO

▪ Fire protection system was prepared.

⚫ RHRS

▪ Active system

▪ Not available in the event of SBO

⚫ PCV Vent

▪ AC power is required.
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❖ Protection measures

⚫ Shut-down system

⚫ Cooling system

▪ Coolant injection, depressurization, heat removal

⚫ Containment system

❖ Normal shut-down

⚫ High pressure cooling: condenser in the main steam system 

⚫ Low pressure cooling: residual heat removal system

❖ Emergency shut-down

⚫ High pressure cooling: IC or RCIC

⚫ Depressurization: safety and relief valve

⚫ Low pressure cooling: LPCI, LPCS, RHRS

Review



❖ Operation of cooling system in Fukushima Daiini Power Station
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❖ Development of the accident

⚫ 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.
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3/15 06:14 Unit 4 hydrogen explosion



❖ Development of the accident
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Normal operation
SCRAM by acceleration measurement

Containment isolation
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❖ Development of the accident

Fukushima Daiichi Nuclear Disaster

• Decay Heat produces steam in
Reactor pressure Vessel 

• Pressure increase

• Opening the steam relief valves
• Discharge Steam into the Wet-Well
• Decrease of the Liquid Level in the

Reactor pressure vessel

Core uncovery!

Core damage
Hydrogen generation

Core meltdown
Hydrogen in drywell

Fission product release
From RPV  wet well  drywell

Depressurization of PCV
From PCV  reactor building

Hydrogen explosion
Spectacular but of “minor” safety relevance ?

Core degradation stopped by sea water injection.
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❖ Earthquake and Tsunami

⚫ No damage from the earthquake to key safety features

▪ 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

from moving around site.
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❖ Earthquake and Tsunami

Fukushima Daiichi Nuclear Disaster

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.

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.



❖ Severe accident at Unit-1

Fukushima Daiichi Nuclear Disaster



❖ Severe accident at Unit-1

Fukushima Daiichi Nuclear Disaster



❖ Severe accident at Unit-1
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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.



❖ Severe accident at Unit-1
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About 2.5 hours after the loss of indications in the MCR, some of the indicator lamps of the 
isolation valves were found to be working and, on the control panel, showed the status of the 
valves as ‘closed’.
The operators realized that the isolation valves had failed-closed due to the loss of the electrical 
power supply to the instrumentation.

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. After opening the outer
isolation valves of Train A, a small amount of steam was observed above the RB of Unit 1, suggesting 
the onset of IC operation. 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.
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❖ Severe accident at Unit-1
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Effort for suppression chamber venting

Explosion in Unit 1 
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❖ Severe accident at Unit-1
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After explosion in Unit 1 

3/15 06:14 Unit 4 hydrogen explosion



❖ Severe accident at Unit-2
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Hydrogen explosion 
at Unit-1 

Hydrogen explosion 
at Unit-3 

RCIC tripped 
after 3 days

Depressurization 
delayed by the 
hydrogen explosion
At Units 1 and 3



❖ Severe accident at Unit-2
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Depressurization 
Succeeded!

Coolant injection
was delayed.

Failure in suppression pool?



❖ Severe accident at Unit-2
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❖ Severe accident at Unit-2
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Restoration work for power supply and water injection

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



❖ Severe accident at Unit-2
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DW pressure maintained at ~ 750 kPa until after 6 hours.  



❖ Severe accident at Unit-3

⚫ Battery relieved flooding!
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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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❖ Severe accident at Unit-3
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❖ Severe accident at Unit-3
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5.6 MPa

2.9 MPa

0.95 MPa

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

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. 



❖ Severe accident at Unit-3

Fukushima Daiichi Nuclear Disaster

0.58 MPa

0.87 MPa

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. 

4.1 MPa

7.0 MPa



❖ Hydrogen explosion at Unit-4
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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

Fukushima Daiichi Nuclear Disaster

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



❖ Fukushima Daini vs. Daiichi 

Fukushima Daiichi Nuclear Disaster

12 m above sea level



❖ Future responses

❖ Current status

⚫ https://www.tepco.co.jp/en/insidefukushimadaiichi/index-e.html
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https://www.tepco.co.jp/en/insidefukushimadaiichi/index-e.html


❖ Future responses

Fukushima Daiichi Nuclear Disaster



Fukushima Daiichi Nuclear Disaster

❖ Current status



Fukushima Daiichi Nuclear Disaster

❖ Current status



Fukushima Daiichi Nuclear Disaster

❖ Reactor Circulation Cooling



❖ Ground water
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❖ Reactor Circulation Cooling
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❖ Reactor Circulation Cooling



Fukushima Daiichi Nuclear Disaster

❖ Reactor Circulation Cooling https://www.youtube.com/watch?v=o0cwp-d5BSU

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

