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Presentation Outline

• Basic Reactor Physics and Boiling-Water Design
• Sequence of Events
• Consequences and Mitigation
• Conclusions and Lessons Learned
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Basic Reactor Physics 
and

Boiling-Water Reactor (BWR) Design 
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After a Reactor is Shutdown — Heat is Still 
Generated Because of the Decay of the 
Radioactive Fission Products (Fragments) 



6 Managed by UT-Battelle
for the U.S. Department of Energy EERI/NEC April 12,2012

Boiling-Water Reactor (BWR) Uses 
Nuclear Heat to Boil Water to Create 
Steam to Produce Electricity

Courtesy of NEXTERA
Energy
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Nuclear Plants are Designed With Many 
Barriers to Prevent Release of Radioactive 
Material Resulting from Fission
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Mark 1 Boiling-Water Reactor 
Containment Design Major Structures 

• Biological Shield

• Secondary Containment Building

• Reactor Pressure Vessel

• Reactor Containment (Dry Well, Duct, Suppression Chamber  
or Pool-torus)

• Spent Fuel Pool

Courtesy of TVA
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GE BWR Mark 1 Containment
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Sequence of Events
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9.0 Earthquake Occurs off the Coast of 
Japan at 2:46 P.M., March 11, 2011
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Earthquake/Tsunami Affected 14 Plants 
on the Eastern Coast of Japan

Courtesy of TEPCO
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Some Units of Fukushima 1 (Dai-ichi) 
were in Operation at the Time of 
Earthquake

• Units 1–3 were operating at full power
• Unit 4 was defueled (entire core stored in spent fuel 

pool)
• Units 5–6 in a refueling outage
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Nuclear Plant Safety Features Perform 
as Designed Until the Tsunami Hits



15 Managed by UT-Battelle
for the U.S. Department of Energy EERI/NEC April 12,2012

Horizontal E-W Acceleration Exceeded 
the Seismic Design on Units 2, 3, and 5
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Courtesy of TEPCO
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Tsunami Waves (47 feet) Hit Fukushima 1 
Plant About 1 Hour After the Earthquake
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Nearly all the Dai-ichi Site was Flooded
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Only One Diesel Generator Survived at 
Dai-ichi



22 Managed by UT-Battelle
for the U.S. Department of Energy EERI/NEC April 12,2012

Earthquake Resulted in Loss of Offsite 
Power/Tsunami Resulted in Loss of All 
Onsite AC Power (Except Unit 6)

- Emergency plant systems work as designed after 
earthquake

- Diesel generators were submerged by tsunami
(Unit 1 batteries were submerged) 

- Backup batteries were depleted after 8–10 hours
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Loss of Battery Power Results in Loss 
of Ability to Remove Decay Heat From 
the Core
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Loss of All AC/DC Power Prevented 
Use of Cooling and Venting Systems
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Possible Sequence Leading to Core 
Damage and Release of Hydrogen
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Hydrogen Produced by Zr Clad 
Interacting with the Steam
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Overpressure of the Containment Resulted 
in Opening Leakage Pathways for Some 
Steam and Hydrogen to Enter the Reactor 
Building—Bypassing the Vent Lines

• Resulted in explosive mixture of hydrogen gas to 
accumulate in the reactor buildings of Units 1 and 3

• A panel was removed from Unit 2 to vent the building
• A fire and explosion occurred in Unit 4 (reactor was 

defueled)
– Thought to be a result of uncovering of the spent fuel

• Appears this was not the case
• Cause of Unit 4 explosion is now thought to be from hydrogen 

generated in Unit 3 being carried into Unit 4 through a shared vent line
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Result was an Explosion in Units 1 and 3 
Destroying Parts of the Reactor Buildings
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Aftermath Destroyed the Secondary Containment, Some 
Vent Lines — Allowed Uncontrolled Release of Radioactivity 
to the Atmosphere, to the Site, and to Areas Surrounding the 
Site—Resulting in an Evacuation (20 km)
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Consequences and Mitigation
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Most of the Time Following the Accident  
the Wind was Blowing Toward the Sea; 
However, There Were Times When the 
Winds Blew Toward the Northwest

• Resulted in a plume carrying radiation to drift inland
– Mandatory evacuation ordered for 20 km around the plant
– Area between 20–30 km asked to shelter in place and later 

advised to evacuate
• Some areas in path of plume affected beyond 30 km 

– Over 70,000 inhabitants affected by evacuation

wpp3



Slide 33

wpp3 On this slide, I would not try to make CAP each word--just make it read like a sentence
W. P. (Mike) Poore, 4/4/2012
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Estimated Dose is About 10 Times 
Average Background (240 mrem)
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With the Successful Evacuation There 
was No Significant Radiation Dose to 
the General Public
• Currently there are no acute radiation effects (even to workers onsite)

• Estimated cancer increase is expected to be below statistical measurement 
threshold

• Economic impacts enormous
– Evacuees only allowed limited access within 30 km radius in March 2012

• Some limited access allowed to some areas within 20 km radius in early April 
2012

– Loss of productivity (manufacturing, agricultural, fishing)
– Decontamination activities have begun (estimates in 10–250 billion of 

dollars)
– Radioactive waste volumes are very large and pose a problem finding 

appropriate disposal sites in a country with limited land mass
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Reactor Cores are Being Cooled and 
are Stabilized

• All reactors declared to be in cold shutdown in 
December 2011
– Temperatures inside the reactors are below 100˚C
– Cooling water leaking out of reactors is collected 

• Treated to remove radioactive materials
• Recirculated back into the reactor

– Radioactive water accumulated on-site immediately following 
accident is being collected and treated as well

– Water has been prevented from entering the ocean by use of 
dikes and dams

– Decontamination of areas surrounding the reactors (on-site) 
is ongoing—surfaces have been treated to prevent dust 
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Cover has been Installed Around Unit 1 
Debris is Being Removed Before 
Covering Units 3 and 4
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Social/Political Impacts in Japan and 
Worldwide

• Resignation of Japan’s Prime Minister

• Reorganization of Japanese Nuclear Regulatory Structure

• Lack of confidence in TEPCO and the government

• Shutdown of 50+ reactors in Japan (electricity shortage predicted this 
summer)

• Germany and Switzerland will shutdown their existing plants, and Italy has 
chosen not to restart their nuclear program

• U.S. NRC just issued orders to nuclear plant owners  to reexamine all 
existing nuclear reactors regarding seismic design, AC power sources, and 
venting  

• Some delay of new reactor builds worldwide
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Conclusions and Lessons Learned
• External events may pose the greatest threat to nuclear plants

– Multiple system failures can lead to significant plant damage
– Loss of infrastructure (roads, bridges, water, power) prevented assistance

• Planning/training is essential to prevent injury and death 
(emergency planning, severe accident plans)

• Communication during and following an event is crucial
– Significant delays in transmission of information between onsite and 

centralized locations probably contributed to the event
– Instrumentation used to transmit plant status was lost 

• Public relations during an event is very important
– Information was difficult to obtain both within Japan and clearly in other 

countries
– Contradictions led to lack of trust by the public and media
– Lack of information prevented early assistance from outside sources


