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Introduction 
 
This report is a summary and analysis of the live information coming from eleven 
sources.  It records that data where there is a sufficient cross-correlation and 
subsequent activity to suggest that it is an accurate record. 
 
This will form the basis of future work at the Institution of Mechanical Engineers on the 
root causes of events at Fukushima Daiichi and the consequences that may arise. 
 
Also included are explanatory notes about the types of reactors involved, radiation levels 
and types of radiation. 
 
The Tōhoku Earthquake - Timeline (all times noted are JST) 
 
Friday 11 March 2011 – The Earthquake & Tsunami 
 
The 9.0 MW earthquake occurred on 11 March 2011 at 14:46 Japan Standard Time (JST) 
off the northeast coast of Japan and resulted in maximum ground accelerations of 0.52 g 
(5.07 m/s2). The Earth’s day now shorter by 1.8 microseconds, the axis has shifted by 
17cm and Japan has moved 2.4 m 
 
Earthquake movement and tsunamis are planned for during design procedure – although 
the energy expended during this quake is a factor of 1015 greater than the earthquake 
used as a basis during design.  
 
The plant is protected by a sea-wall - designed to withstand a tsunami of 5.7 meters (19 
ft), but the wave that struck the plant was estimated to be more than twice that height 
at 14 meters (46 ft).   This coupled with the now reported land movement of 2.4m 
experienced by Japan, ensured that the Tsunami caused massive damage along the 
coast.  
 
14:46 Reactor Units 1, 2, and 3 were operating, but Units 4, 5, and 6 had already been 
shut down for periodic inspection.   
 
When the earthquake was detected, Units 1, 2 and 3 underwent a successful automatic 
shutdown (scram). 
 
The Japanese government declared a nuclear power emergency due to the failure of the 
reactor cooling systems in reactors of Fukushima I and evacuated thousands of 
residents: 3 km evacuation; 10km radius advised to stay indoors 
 
Damage to local electricity supply causes emergency diesel generators, the second line 
of defence, to start successfully. 
 
Emergency diesel generators stop abruptly at 15:41, ending all AC power supply to the 
reactors.  
 
Back up batteries, third line of defence take over – designed to last 8 hours  
 
Batteries from other nuclear plants were sent to the site and mobile generators arrived 
within 13 hours  
 
Emergency Generators are connected through switching equipment in a basement area 
of the buildings – currently flooded 
 
17:30 Emergency strategy changes to building a new power line and re-starting the 
pumps 



 
Saturday 12 March 2011 – Unit 1 Explosion 
 
02:44 Emergency battery power runs out completely 
 
04:15 Fuel rods in Unit 3 are exposed after evaporation of water pool 
 
15:30 Evacuation of residents within 20 km radius (affecting 200,000 people) 
 
15:36 explosion at Unit 1 
 
The explosion injured four workers, but the reactor containment inside remained intact. 
 
Hydrogen and steam had been vented from the reactor to reduce pressure within the 
containment vessel and built up within the building.  
 
Operators of the plant began using sea water for emergency cooling, which would 
permanently damage the reactor.  
 
The release of fission products from the damaged reactor core, notably Iodine-131, led 
officials to distribute prophylactic iodine to people living around Fukushima I.   
 
One worker was confirmed to be ill. 
 
Sunday 13 March 2011 – Situation Levels Up 
 
05:10 The Japan Atomic Energy Agency announced that it was rating the situation at 
Unit 1 as Level 4 (accident with local consequences) on the International Nuclear 
and Radiological Event Scale  
 
13:00 Both Units 1 and 3 vented to release overpressure and re-filled with water and 
boric acid for cooling and inhibition of further nuclear reactions.  
 
Unit 2 was thought to be stable, although pressure inside the containment vessel was 
high 
 
Monday 14 March 2011 – Unit 3 Explosion 
 
11:15 Unit 3 explosion injures eleven 
 
No release of radioactive material beyond that already being vented.  
 
Blast damage affects water supply to Unit 2. 
 
11:44 Radiation reading at site boundary 20 µSv. 
 
21:00 Unit 2 fuel rods ‘fully exposed’. 
 
Tuesday 15 March 2011 – Unit 2 Explosion, Unit 4 Fire 
 
06:00 (approximately) fire in Unit 4 
 
06:14 explosion in Unit 2 "pressure suppression room" caused some damage to Unit 2’s 
containment system 
 
08:14 Radiation peaks at 8217 µSv per hour 
 



Workers are evacuated off-site 
 
Essential workers only 
 
Radiation equivalent dose rates at one location in the vicinity of Unit 3 recorded 
400mSv/h 
 
Wednesday 16 March 2011 – Higher Radiation Levels 
 
05:45 Fire in Unit 4 building 
 
06:00 Workers withdrawn from site due to abnormal noises coming from one of the 
reactor pressure suppression chambers 
 
08:30 White smoke Unit 3 
 
11:00 Radiation reported to be 3391 µSv/hr at boundary 
 
11:36 Radiation surges, 50 remaining workers evacuate 
 
12:35 50 workers return 
 
Midday NHK TV was reporting white smoke rising from the Fukushima I plant, which 
officials suggested was likely coming from Unit 3. All but a small group of remaining 
workers at the plant had been placed on standby because of the dangerously rising 
levels of radiation up to 1 Sv/h.  
 
14:30 TEPCO announced its belief that the fuel rod storage pool of Unit 4 (located 
outside the containment area) may have begun boiling; raising the possibility that 
exposed rods could reach criticality. 
 
IAEA - Injuries reported: 
2 TEPCO employees minor injuries 
2 Subcontractors injured - one with broken leg 
2 people missing 
2 people suddenly taken ill 
2 TEPCO employees hospitalised following donning of respiratory protection in control 
centre 
4 people sustain minor injuries due to explosion at Unit 1 
11 people injured during explosion at Unit 3 on 14 March 
 
IAEA - Contamination: 
17 people suffered deposition of radioactive material to their faces - not hospitalised (low 
level) 
1 worker suffered significant exposure. 
2 Policemen exposed to radiation were decontaminated 
Firemen exposed are under investigation 
Stable iodine tablets given to evacuees from 20 km zone 
 
Late in the evening, Reuters reported that water was being poured into Units 5 and 6 
 
23:55 Preparations to drop water onto Unit 3 and spray into Unit 4 
 
Thursday 17 March 2011 – Water from the air 
 
09:48 Self-Defense Force helicopters dropped water four times on the spent fuel pools of 
Units 3 and 4 flying at a height on 90m. 



 
Construction work was started to supply a working external electrical power source to all 
six Units of Fukushima I 
 
10:40 Boundary radiation 10 mSv/h 
 
In the afternoon it was reported that the Unit 4 spent fuel pool was filled with water and 
none of the fuel rods were exposed.  
 
19:00 Police and Fire water trucks with high pressure hoses attempted to spray water 
into the Unit 3 reactor.  30 tonnes of water are sprayed at Unit 3 
 
Japanese authorities informed the IAEA that engineers were laying an external grid 
power line cable to Unit 2. 
 
TEPCO say electrical connections to plant are being made. 
 
For information, the IAEA classified Chernobyl as Level 7 emergency.  As of 17 
March Fukushima is currently a Level 4 
 
US unmanned surveillance aircraft are reported as having been used to provide the 
Japanese Government with images to avoid operator dose. 
 
Friday 18 March 2011 – Moving in to the Second Week 
 
03:00 Tokyo Fire Department dispatched thirty fire engines with 139 fire-fighters and a 
trained rescue team including a fire truck with a 22m water tower 
 
High radiation levels had been detected in an area 30km (18.6 miles) northwest of the 
damaged Fukushima I nuclear plant - 150µSv/h. 
 
In a 24-hour period ending at 11:00 radiation levels near the plant had declined from 
351 to 265 μSv/h although it was unclear if the water spraying efforts were the cause of 
the decrease. 
 
14:00 Water spray resumed - 50 tons water delivered to Unit 3 in 40 minutes 
 
Radiation levels at Unit 3 seen to be decreasing: 
 
13:50 - 3,484 µSv 
 
14:50 - 3,339 µSv    
 
18:40 Japanese authorities upgraded INES ratings for cooling loss and core damage at 
Unit 1 to Level 5 (accident with regional consequences) and issued the same rating 
for Units 2 and 3.  
 
IAEA clarification that there have been NO notifications of people sickened by 
radiation 
 
The loss of fuel pool cooling water at Unit 4 was classified as Level 3 (serious 
incident).  
 
Boric acid is airlifted to Fukushima on a United States Air Force aircraft for addition to 
cooling water 
 



Professor Akira Omoto University of Tokyo, former IAEA director and involved in severe 
accident programme interviewed by media 
 
Currently 2 key operations 
 
1. Water spraying Units 3 & 4 
 

• Using cannon and helicopter water onto dry fuel to enable decay heat removal 
 

• Aimed to reduce radioactivity in fuel and water 
 

• Workers taking high doses of preventative medicines 
 

• Reduction in radioactivity will enable more effective working 
 
2. Reinstatement of electrical supply to enable pump function and transfer decay heat to 
sea water 
 
Indicates situation is caused by the combination of the earthquake and tsunami – and 
the effects on the region. 
 
Saturday 19 March 2011 – First radiation measured outside of containment 
zone 
 
A second group of 100 Tokyo and 53 Osaka fire fighters replaced the previous team. 
Water is sprayed into the Unit 3 reactor for a total of 7 hours during the day, from the 
22m water tower.  
 
TEPCO reported afterwards that the water had been effective in lowering the 
temperature around the spent fuel rods to below 100°C 
 
22:21 Iodine-131 measured in Tokyo, Fukushima and other areas water supply 
 
Sunday 20 March 2011 – Positive progress? 
 
External power was reconnected to Unit 2 but work continued to make equipment 
operational.  
 
Repaired diesel generators at Unit 6 provided power to restart cooling on Units 5 and 6 
returning them to cold shutdown and their fuel cooling ponds returned to normal 
operating temperatures.  
 
13:06 TEPCO announced that pressure in Unit 3's containment vessel was rising, and 
that it might be necessary to vent air containing radioactive particles to relieve pressure.  
 
The operation was later aborted as TEPCO deemed it unnecessary  
 
First mention by Chief Cabinet Secretary that the Fukushima I plant would be 
closed (decommissioned) as soon as the crisis was over 
 
Monday 21 March 2011 – More smoke slows progress 
 
15:55 ongoing repair work was interrupted by a recurrence of grey smoke from the 
south-east side of Unit 3  
 
Employees were evacuated from Unit 3 but no changes in radiation measurements or 
reactor status were seen.  



 
18:22 White smoke, probably steam, was also seen coming from Unit 2 but this was 
accompanied by a temporary rise in radiation levels.  
 
A new power line was laid to Units 4 & 5 was transferred to its own external power from 
transmission line instead of sharing the Unit 6 diesel generators. 
 
Tuesday 22 March 2011 – No change in Radiation Levels – Work Resumes 
 
Smoke was still rising from Units 2 & 3 although less visible  
 
Presumed to be steam following operations to spray water onto the buildings 
 
Repair work resumed after having been halted because of concerns over the smoke, but 
no significant changes in radiation levels occurred so it was felt safe to resume work.  
 
Work continued to restore electricity, and a supply cable was connected to Unit 4.  
 
Injection of sea water into Units 1–3 continued. External power cables were reported to 
be connected to all six Units. Lighting was back on again in the control room of Unit 3.  
 
A United States Navy barge of the type used for transporting cooling water for 
Fukushima I, is arranged to replace seawater injections. 
 
Reported by media that the Iodine-131 levels are 126 times greater than normal at plant 
seawater outlet 
 
Wednesday 23 March 2011 – Further smoke, further evacuation 
 
Media channel NHK report showing helicopter pictures of plant at from early evening 
(17:00) on 11 March an hour after the Tsunami hit, report shows wave height as more 
than 14m high at plant 
Smoke again started belching from Unit 3, this time thick black smoke 
 
Evacuation of workers from around the area 
 
Aerial video from the plant showed what looked like a small amount of fire at the base of 
the smoke plumes from within the heavily damaged reactor building.  
 
TEPCO stated that they were unaware of the source of the fire and smoke.  
 
Feed water systems in Unit 1 were restored increasing the rate water could be added to 
the reactor.  
 
The Japanese Chief Cabinet Secretary also advised that high levels of radioactivity 
(around twice the legal limit for children) had been found in Tokyo's drinking water and 
that it should not be used to reconstitute baby formula. 
 
Over the previous 24 hours 18 tons seawater dropped on Unit 2. 
 
Thursday 24 March 2011 – Radiation Levels Drop 
 
Seawater injection to Units 1, 2 and 3 continued, and radiation levels near the plant 
declined to 200 μSv/h.  
 
Power is restored, including room lights, to the Unit 1 control room.  
 



Three workers are exposed to high levels of radiation which caused two of them to 
require hospital treatment after radioactive water seeped through their protective 
clothes.  
 
The workers were exposed to an estimated equivalent dose of 2–6 Sv to the skin below 
their ankles.  
 
It is reported that injured workers were not wearing protective boots, as their 
employing firm's safety manuals "did not assume a scenario in which its 
employees would carry out work standing in water at a nuclear power plant".  
 
The amount of the radioactivity of the water was about 3.9 MBq/ml.  
 
The external surface temperatures of reactors 1, 2, 3 and 4 continued to decrease, to 
below 20 °C. 
 
Friday 25 March 2011 – Moving into the third week 
 
Units 1, 2 and 3 had possible breaches in their containment vessels.  
 
NISA announced that a breach had likely occurred in the containment vessel of the Unit 
3 reactor, the only one using partly a plutonium fuel mix (MOX).  
 
Officials suspect it is leaking radioactive material.  
 
Kyodo News report highly radioactive water was found in the turbine buildings of Unit 1 
& 2.  
 
The US Navy sends a barge with 1,890 cubic metres of fresh water, expected to arrive in 
two days.  
 
Japan announces transportation would be provided in a voluntary evacuation zone of 
30km (19 miles).  
 
Tap water reported to be safe for infants in Tokyo and Chiba by Japanese authorities, 
but still exceeded limits in Hitachi and Tokaimura.  
 
Iodine-131 in the ocean nearby measured 50 Bq/ml, 1,250 times normal allowable levels 
 
Saturday 26 March 2011 - Concerns regarding further use of seawater on plant 
 
Seawater injection to reactor pressure vessels 1, 2 and 3 was stopped and injection of 
fresh water to the reactors was started. 
 
Radiation levels near the plant had declined to 170 μSv/h 
 
The fresh water was provided by two United States Navy barges holding a total of 2,280 
metric tons of fresh water which were towed by the Japan Maritime Self-Defense Force 
from Yokosuka Naval Base to Fukushima.  
 
The barges are refilled with fresh or de-salinated water provided by US and Japanese 
naval vessels. 
 
Sunday 27 March 2011 – Statement changes and mix-ups 
 
Radiation levels of 1,000 mSv/h and 750 mSv/h are reported from water within Unit 2 & 
3 respectively 



 
A statement that this level was "ten million times the normal level" in Unit 2 
was later retracted and attributed to incorrectly high levels of Iodine-134 
(which was later reported to be below the limit by TEPCO).   
 
Japan's Nuclear and Industrial Safety Agency indicated that "The level of radiation is 
greater than 1,000 mSv.  
 
Radiation of this level is confirmed to be from atomic fission, although there is no 
confirmation of how it came out of the reactor 
 
High radiation levels delay technicians working to restore the water cooling systems for 
the troubled reactors.  
 
New aerial video recorded by helicopters reveal the clearest and most detailed view of 
the damaged plant to date, including: 
 

• White vapour (possibly steam) originating from the buildings of reactors 2, 3, and 
4 

• The roof of the reactor 2 building has been badly damaged but is still intact 
• The reactor 3 building is largely uncovered; the roof was blown clean off by the 

Hydrogen explosion on 14 March 
• The walls of the reactor 4 building have also collapsed 
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Associated Notes 
 
Fukushima I Nuclear Power Plant 
 
The Fukushima I Nuclear Power Plant is located in the town of Okuma in the Futaba 
District of Fukushima Prefecture, Japan, about 210 kilometers (130 miles) north of 
Tokyo; consisting of six light water, boiling water reactors (BWR) designed by General 
Electric driving electrical generators with a combined power of 4.7 gigawatts. 
 
The plant is one of the 25 largest nuclear power stations in the world. Fukushima I was 
the first nuclear plant to be constructed and run entirely by the Tokyo Electric Power 
Company (TEPCO). 
 
Unit 1 –  

• 439 MWe type (BWR3) reactor  
• Constructed in July 1967  
• Commenced commercial electrical production on 26 March 1971. 
• Safety design for a peak ground acceleration (earthquake) of 0.18 g (1.74 m/s2) 

a level based on the 1952 Kern County earthquake (CA, USA). 
• This was the most recent large earthquake on the Pacific Ring with a magnitude 

of 7.5 
• This is a seismic design 439 

 
Units 2 and 3 

• both 784 MWe type BWR-4 reactors 
• Unit 2 commenced operating in July 1974  
• Unit 3 in March 1976 
• designed for peak ground acceleration of 0.45 g (4.41 m/s2) and 0.46 g (4.48 

m/s2) respectively. 
• This is a seismic design 784 

 
Boiling Water Reactor 
 
The boiling water reactor (BWR) is a type of light water nuclear reactor used for the 
generation of electrical power; it is the second most common type of electricity-
generating nuclear reactor after the pressurised water reactor (PWR), also a type of light 
water nuclear reactor. The BWR was developed by the Idaho National Laboratory and 
General Electric in the mid-1950s. The main present manufacturer is GE Hitachi Nuclear 
Energy, which specializes in the design and construction of this type of reactor. 
 
There are 79 operational Boiling Water Reactors worldwide – 35 of which are in USA.  
 
The BWR uses demineralised water as a coolant and neutron moderator. Heat is 
produced by nuclear fission in the reactor core, boiling the cooling water producing 
steam. The steam is directly used to drive a turbine (electrical generator) after which it 
is cooled in a condenser and converted back to liquid water. This water is then returned 
to the reactor core, completing the loop. The cooling water is maintained at a high 
pressure so that it boils in the core at about 285 °C.  
 
A Boiling Water Reactor will continue to produce heat even after the nuclear fission 
reactions have stopped, which could make a core damage incident possible. This heat is 
produced by the radioactive decay of fission products and materials that have been 
activated by neutron absorption. BWRs contain multiple safety systems for cooling the 
core after emergency shutdown. 
 
 
 



Radiation 
 
There are three types of radiation emitted during nuclear fission; each has different 
properties and penetrations. 
 
 
Alpha Radiation (α) 
 
Alpha radiation is a heavy, very short-range particle and is actually an ejected helium 
nucleus.  

• Most alpha radiation is NOT able to penetrate human skin.  
• Alpha-emitting materials can be harmful to humans only if inhaled, swallowed, or 

absorbed through open wounds.  
• Instruments cannot detect alpha radiation through even a thin layer of water, 

dust, paper, or other material, because alpha radiation is not penetrating.  
• Alpha radiation travels only a short distance (a few inches) in air, but is not an 

external hazard.  
• Alpha radiation is NOT able to penetrate clothing.  

 
 
Beta Radiation (β) 
 
Beta radiation is a light, short-range particle and is actually an ejected electron – Beta is 
more penetrating than Alpha but less so than Gamma. 

• Beta radiation may travel several feet in air and is moderately penetrating.  
• Beta radiation can penetrate human skin to the "germinal layer," where new skin 

cells are produced. If high levels of beta-emitting contaminants are allowed to 
remain on the skin for a prolonged period of time, they may cause skin injury.  

• Beta-emitting contaminants may be harmful if deposited internally.  
• Clothing provides some protection against beta radiation.  

 
 
Gamma Radiation (γ) 
 
Gamma radiation consists of electromagnetic energy with a frequency of greater than 
1019 Hz. Gamma radiation is emitted to rid the decaying nucleus of excess energy after 
it has emitted either alpha or beta radiation.  
 
Gamma rays, which are highly energetic photons, penetrate deeply and are difficult to 
stop. They can be stopped by a sufficiently thick layer of material with high atomic 
number, such as lead or depleted uranium. 
 

• Gamma radiation is able to travel many feet in air and many inches in human 
tissue. They readily penetrate most materials and are sometimes called 
"penetrating" radiation.  

• Gamma radiation and x rays are electromagnetic radiation like visible light, radio 
waves, and ultraviolet light. These electromagnetic radiations differ only in the 
amount of energy they have. Gamma rays and x rays are the most energetic of 
these.  

• Dense materials are needed for shielding from gamma radiation. Clothing 
provides little shielding from penetrating radiation, but will prevent contamination 
of the skin by gamma-emitting radioactive materials.  

• Gamma radiation and/or characteristic x rays frequently accompany the emission 
of alpha and beta radiation during radioactive decay.  

 
 



Radiation Penetration 
 
The below diagram shows the penetration levels of the different types of radiation – 
although the effect is has on human tissue cannot be shown as this is related to tissue 
type, radiation level and time of exposure. 
 

Stopped by 
Paper, Card, 
Water, Clothing 
and Skin 

Stopped by 
protective 
clothing (PPE), 
thin metal sheet, 
and wood. 

Dense materials 
– lead, depleted 
uranium, 
concrete. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Nomenclature 
 
JST - Japanese Standard Time UCT + 9hrs 
 
UCT – Universally Co-ordinated Time formally known as Greenwich Mean Time (GMT) 
 
A Becquerel (Bq), named after French physicist Henri Becquerel, is a measure of 
radioactivity.  A quantity of radioactive material has an activity of 1Bq if one nucleus 
decays per second - and 1kBq if 1,000 nuclei decay per second 
 
A Sievert (Sv) is a measure of the effect of radiation on a person, named after Swedish 
medical physicist Rolf Sievert. It is equal to the absorbed level of radiation multiplied by 
a weighting function for its effect on each type of absorbing tissue.  
 
A milli-sievert (mSv) is a 1,000th of a Sievert 
 
A micro-sievert (µSv) is a 1,000,000th of a Sievert 
 
A Roentgen (R) is that level of radiation required for generating ionisation in a material 
equivalent to 1 electrostatic Unit of charge.  It has a human body measure Roentgen 
Equivalent in Man (REM) which is equal to one hundredth of a Sievert 
 
The rem (and its smaller versions) is the customary units in the United States, many 
industries, and government.  However, the Sievert is frequently encountered in 
academic, scientific, and engineering environments. 
 
Radiation levels are affected by geographical area, geological factors and body type. 
Below is a sample of dose examples of radiation levels: 
 

0.1 mSv Approximate daily dose from natural background radiation, including 
radon 

Up to 0.3 mSv Cosmic dose to a person on a medium haul flight eg  New York to Los 
Angeles 

0.32 mSv Maximum Dose to UK Member of the Public due to UK Nuclear Site 
Radiation and Discharges 

Up to 0.6 mSv Cosmic radiation  to a person on a long haul flight eg London to Hong 
Kong 

2.2mSv Average Dose to UK Member of the Public due to Background Radiation 

10 mSv Additional radiation from Radon in site specific areas of the world eg 
Dartmoor, Cornwall, Aberdeen 

Up to 25 mSv Average dose from a diagnostic X-ray series 

Up to 30 mSv  Average yearly dose to people in USA from all sources of natural 
background radiation 

Up to 50mSv Average dose from diagnostic CT scans 

Up to 75 mSv Additional dose as a result of smoking 25 cigarettes a day (per year) 

1 Sv 
Estimated level at which an acute dose would result in a lifetime 
excess risk of death from cancer 0.8% 

0.5 to 6 Sv Level at which doses received over a short period of time produce 
radiation sickness in varying degrees  

 


