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Fukushima Daiichi Nuclear Accident 

Preliminary Report 
 
 
Executive Summary 
 
The Tohoku earthquake with magnitude 9.0 stroke the east coast of Japan at 14.46 on Friday 11 
March and the generated tsunami hit the coast soon after in a time delay of about 20 minutes.  
Eleven reactors at four nuclear power plants in the region were operating at the time: Fukushima 
Daiichi 1, 2, 3,  Fukushima Daini 1, 2, 3, 4, Onagawa 1, 2, 3, and  Tokai Daini 1 for a total amount of  
9377 MWe. All, as required, shut down automatically when the quake hit.  
 
The earthquake, whose epicenter was 130 miles east north east from the site of the Fukushima-1 
(Daiichi), was a complex double quake of a severe duration of about 3 minutes. Japan moved a 
few meters east and the local coastline subsided half a meter.  
The exceptional duration of the Tohoku event has characterized its destructive power although 
the recorded peak ground accelerations appear not so much higher compared to those caused by 
other seismic events with lower magnitude.  
 
All 6 units in Fukushima Daiichi NPP are boiling water reactor (BWRs) designed more than 40 
years ago. After the earthquake all units were powered from backup emergency Diesel 
Generators (D/G), started automatically after the loss of offsite power due to the seismic event.  
The D/Gs, replacing the lost offsite power, ensured the cooling functions for the reactors, for the 
spent fuel pools of each reactor and for the site central spent fuel pool. 
 
About one hour after the quake (15.41) the onsite electrical emergency power was lost due to the 
tsunami (14 m wave high) that destroyed the sea water intakes and overwhelmed the plants' 
physical structures, causing inundation, wetting of many components and making many areas 
inaccessible.  
The resulting accident event ǿŀǎ ŀ ΨΩǘƻǘŀƭ ǎǘŀǘƛƻƴ ōƭŀŎƪƻǳǘΩΩ for units 1, 2, 3 and 4 together with 
the loss of the ultimate heat sink.  
In fact 12 out of 13 back-up D/Gs on site, located in the basements of the turbine buildings, were 
disabled. Only one air-cooled D/G (all others were seawater-cooled) was able to supply electrical 
power to units 5 and 6, which remained under full control after some initial troubles. 
 
The batteries ensured the supply of some essential loads for a certain time, after a few hours the 
dc-power was also lost and the control rooms remained practically unavailable and in the dark.  
Following the station blackout some cooling of the core in the shutdown reactors was apparently 
maintained through steam driven cooling system which operated, based on available data,  very 
short time for unit 1, about 1,5 day for unit 3 and about 3 days for unit 2. 
When the cooling function was completely lost the reactors overheated. This resulted in 
pressurization of primary circuit, discharge of steam through safety relief valve to the suppression 
pools, pressurization of primary containment, need to vent and consequent several disruptive 
explosions because of accumulation of H2, produced by oxidation of overheated fuel zirconium 
cladding in steam reach environment.  
The same overheating happened to the spent fuel pond in unit  4 (with significant load of used 
fuel assemblies).  
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Major releases of radionuclides to the environment occurred: initially in air but later also as 
leakage to the sea.  
 
The operators struggled to restore control by injecting sea-water (with mobile pumps) in the 
reactor vessel of unit 1, 2 and 3 and trying to replenish (discharge of water from helicopter or 
water spray on the top of the buildings) the water in the spent fuel pond of all units 1 to 4. 
In order to limit the problems created with salt deposition and corrosion, the injection of 
seawater was successfully replaced by fresh water from a nearby dam on March 25  
Connection of the units to external electrical power, made available via cable onsite, started on 
March 22. One by one in a few days the lighting and the power to the control rooms of unit 3 first 
and then of units 1, 2 and 4 were restored.   
 
The situation at the time of writing is that in units 1, 2 and 3 the fuel is damaged with suspected 
relocation of part of it, but essentially contained, the cooling is stiƭƭ ŜƴǎǳǊŜŘ ōȅ ŀƴ ΨΩƻǇŜƴ ŎƛǊŎǳƛǘΩΩ 
using fresh water and pump trucks with heat released through evaporation of water. Work 
continues onsite to establish a stable heat removal path to external heat sinks. The primary 
containment of unit 1 is flooded at a level corresponding to the upper part of the reactor core. 
 
The initial rating of the accident (according to the International Nuclear Event Scale (INES) of the  
International Atomic Energy Agency (IAEA) was level 4. On March 18 the Japan Nuclear Safety 
Authority (NISA) raised the severity to level 5, and on April 12, based on the estimated release of 
radioactive substances, NISA announced a new provisional rating of Level 7 (the maximum). 
 
The Japanese authorities soon declared the nuclear emergency on the evening of March 11, 
issued a first evacuation order for people within 2 km, extended later to 3 km, then at 05.44 on 
March 12 to 10 km and at 18.25 of the same day to 20 km, along with other countermeasures. 
Sheltering was recommended within 30 km, 
 
The main radionuclides released are the volatile iodine-131, which has a half-life of 8 days and the 
other main volatile radionuclide  caesium-137, which has a much longer half-life (30 years) and 
may contaminate land for some time.  After the major releases (spikes) during the first days, since 
March 16 the airborne radiation levels had stabilized and steady decreasing.  
Estimation of projected external doses to population living at different distances from the NPP 
over one year time period have been performed first by French Institute IRSN and also by US 
Department of Energy and Japanese Ministry of Education, Culture, Sport, Science and 
Technology. The results for the most contaminated north-west fallout region show significant 
values some of them above 200 mSv even outside the 20 km evacuation zone. 
 
The Utility at the Fukushima-1 site is still working hard to bring the situation (cooling and 
containment functions) under stable control and the Japanese authorities are developing their 
efforts to deal with the longer term impact on the environment, the people, and the economy.  
On April 17 the Tokyo Electric Power Company (Tepco) has published a first roadmap for 
remediation activities dealing with the disabled Fukushima Daiichi reactors covering the period of 
time up to the end of the year.  
 
The accident management on Fukushima Daiichi site has been carried out in conditions which 
have never been considered possible before. The massive disaster which caused the accident has 
transcended all previous foreseen severe accident scenarios.  
 
Relying on external support, following the accident management instructions, getting the 
necessary approval for actions not predefined in the accident management (e.g. injection of 
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seawater), the onsite crisis team and the emergency workers have given their best to understand 
the status of the plant and take the necessary and possible actions to mitigate and terminate the 
progression of the severe accident affecting simultaneously 3 reactors and 4 spent fuel pools. 
During the evolution of the accident they had to manage the destructive events due to explosions 
in 4  units which have injured a number of workers. 
We express all our sympathy and respect to the operators and workers onsite for their courage, 
composure and resilience throughout these hard difficulties. 
 
We recognize that we do not have all information and insights of what happened in the affected 
units, of the progression of the accidents, the operability of systems and equipment and possible 
interactions between units. This information appears to be not completely available at the 
moment as the loss of all ac-power, and soon after also of dc-power, has produced a loss of 
information about the plant status (Control Rooms disabled and in the dark since the loss of dc-
power). It is also true that there are questions still unanswered regarding the evolution of the 
events and the understanding of some phenomena. It will be necessary a certain time to recover 
all available information and  reconstruct the exact evolution of events and its timing.  
 
The Fukushima accident has brought at the attention of utilities, designers and regulators an 
extremely important set of issues which need to be elaborated. 
The accident has shown a clear weakness in the implementation of the defense in depth concept 
for the seismic event followed by tsunami.  
 
While the NPP structures seem to have successfully withstood the seismic event, the adopted 
defense against the seism-generated tsunami was not adequate, due to underestimation of the 
event, incurring in a common-caused loss of ac-power causing, after a partial initial operation of 
the steam driven reactor cooling system, a loss of cooling function on four units!  
These severe conditions have been faced by injecting seawater with temporary mobile equipment 
and performing other accident management actions in an extremely difficult scenario. 
 
The Fukushima accident shows a peculiar feature: it has highlighted a number of issues and 
weaknesses that cover a very wide spectrum of technical fields and responsibilities. This means 
that a lot can be learned from this unique event.  
In this sense, one might expect in the future to speak about Fukushima event as a key milestone 
in the process of evolution of nuclear safety (although the basic safety principles remain 
unchanged). 
 
At the moment while it is still too early to find full lessons learned from the plant response and  
the accident management, it is already possible to observe the major facts, the emerging issues 
and derive first indications, which appear to be very extensive and impacting design, operation 
and accident management.  
It is of the utmost importance to perform detailed analysis of the facts and their causes and learn 
from them as they can effectively ŎƻƴǘǊƛōǳǘŜ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ŎǳǊǊŜƴǘ ŀƴŘ ŦǳǘǳǊŜ ΨΩƴǳŎƭŜŀǊ ǎŀŦŜǘȅΩΩΦ 
 
The preliminary considerations and observations elaborated in this report have the aim to 
contribute to this process. In developing these considerations we do not intend to criticize any 
involved party as we are aware that things that seem inherently obvious now, certainly weren't so 
obvious before the accident.  
 
The indications coming from this accident can be referred to ΨΩnew designΩΩ and ΨΩoperating NPPΩΩΦ 
While for new design it is more comfortable, in terms of time constraints, to feedback the 
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learning from the Fukushima event, for operating NPP it is a priority to use the Fukushima lessons 
to undertake a comprehensive risk and safety re-assessment as soon as possible. 
 
Chapter 10 of this report describes in some detail the indications coming from a preliminary 
analysis of the Fukushima ŜǾŜƴǘ ŦƻǊ  ΨΩƻǇŜǊŀǘƛƴƎ bttǎΩΩ ŀƴŘ ΨΩƴŜǿ ŘŜǎƛƎƴΩΩΥ 
 
a) For  NPPs in operation, that will  first and promptly benefit from lessons learned in the 

Fukushima accident, the identified priorities  refer to a safety re-assessment of the following 
topics: 

 Site External Events 

 Multi unit site 

 Spent Fuel  Pool 

 H2 Management 

 Total Blackout 

 Loss of Heat Sink 

 Severe Accident Management 
 

In addition for Operating NPP it is considered of particular relevance to reinforce the scope, 
the quality and the effectiveness of activities related to Periodic Safety Review  (PSR) and 
Plant Life Extension (PLEX) from the viewpoints of both Operator and Regulator. 

 
b) For new design we know that the current safety conception elaborated for the so called 3rd 

generation NPP already provides means to deal with a number of shortcomings shown by the 
Fukushima accident. Nevertheless it is worthwhile to put all indications to the attention of 
involved parties. The considerations elaborated in this report address the following topics: 
 

 Siting of NPP and External Events 

 Multi-unit site 

 Seismic Hazard  and Tsunami 

 Defense in Depth  

 Spent Fuel Pool 

 Probabilistic  Safety Analysis 

 Accident Analysis for External Events 

 Station Blackout 

 Loss of Ultimate Heat Sink 

 H2 Management 

 Accident  Management 

 Human Factor 

 Reliability and Habitability of the Emergency Control Center 

 Use of Experience 
 
In conclusion the Fukushima accident contains facts and elements of extreme relevance to be 
used as learning items and to confirm or improve the current safety level of operating NPPs and 
of new design. 
Industry, operators and regulators are embarking on assessment programs to verify the safety of  
operating NPPs first and also of NPPs under construction or in the design phase to confirm the 
safety level, the robustness and resilience to external events in the light of the Fukushima event. 
To achieve practical ΨΩƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘΩΩ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŎƻƴŘǳŎǘ an in-depth analysis of the events 
and their evolution based on comprehensive data and information and with the support of the 
combined effort of the international community.  
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1. Abbreviations 

AA Accident Analysis 

AM Accident Management 

BWR Boiling Water Reactor 

CCF Common Cause Failure 

CR Control Room 

DiD Defense in Depth 

DW Dry- well 

D/G Diesel Generator 

ENSREG European Nuclear Safety Regulators Group 

ECCS Emergency Core Cooling Systems 

ECR Emergency Control Room 

EE External Event 

GE General Electric 

HPCI High Pressure Cooling Injection 

IAEA International Atomic Energy Agency  

IC Isolation Condenser 

ICRP International Commission on Radiation Protection 

IE Initiating Event 

INES International Nuclear Event Scale 

IRSN Institute for Radiological Protection & Nuclear Safety (France) 

JAIF Japan Atomic Industrial Forum (industry body) 

LLSBO Long Lasting SBO 

LOCA Loss of coolant accident 

LPCI Low Pressure Cooling Injection 

MCR Main Control Room 

METI Ministry of Trade, Economy & Industry (Japan), 

MOX Mixed Oxides 

NF Nuclear Facility 

NISA Nuclear & Industrial Safety Agency (Japan, regulator),  

NPP Nuclear Power Plant 

NSC Nuclear Safety Commission (Japan, policy body) 

PCV Primary containment vessel 

PGA Peak ground acceleration 

PLEX Plant Life Extension 

RPV Reactor Pressure Vessel 

RV Reactor Vessel 

RB Reactor Building 

RCIC Reactor Core  Isolation Cooling 

SA Severe Accident 

SAMG Severe Accident Management Guidelines 

SBO Station Blackout 

SFP Spent Fuel Pool 

SSC Structures Systems and Components 

TB Turbine Building 

Tepco Tokyo Electric Power Company 

TSC Technical Support Centre 

WENRA Western Europe Nuclear Regulators Association 

WW Wet-well 
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Fukushima Daiichi Nuclear Accident 
Preliminary Report 

 
 
2. Introduction 

 
This report has been prepared with the aim to provide background information about the 
Fukushima 1 NPP and report on the main  aspects of the accident: the initiator seismic event and 
consequent tsunami, the evolution of the accident, its management  and  the radiological impact.  
A number of preliminary considerations are elaborated to contribute to the process to learn from 
the Fukushima accident. 

 
 

3. Background 

 
There are two close nuclear sites on  the west coast of Japan, distant 11 km,  named  Fukushima 
Daiichi (first) and Fukushima Daiini (second). 
Fukushima Daichii NPP consists of  six BWR (Boiling Water Reactor) units with power ranging from 
460 to 1100 MWe with a total net capacity of 4.7 GW.  
 
 

Fukushima Daiichi 
 

Unit Model 
 

MWe Nuclear 
Supply 

Operation Status 
11.03.11 

Unit 1 BWR3 
MARK-I 

460 GE 1971 operating 

Unit 2 BWR4 
MARK-I 

784 GE 1974 operating 

Unit 3 BWR4 
MARK-I 

784 Toshiba 
(licen. GE) 

1976 operating 

Unit 4 BWR4 
MARK-I 

784 Hitachi 
(licen. GE) 

1978 outage1 

Unit 5 BWR4 
MARK-I 

784 Toshiba 
(licen. GE) 

1978 outage 

Unit 6 BWR5 
MARK-II 

1100 GE 1979 outage 

 
 
The Fukushima Daiini NPP consists of 4 BWR5 MARK-II units, 1100 MWe each. Nuclear supply 
Toshiba, commercial operation since 1982, 1984, 1985, 1987 . All of them were in operation on 
March 11, 2011. 
 

                                                           
1
 Reactor vessel empty for inspection:  core discharged in the spent fuel pool  



 

9 
 

Fukushima Daiichi Design Conception 
 
Primary coolant circuit - The main feature of boiling water reactors (BWR), originally developed 
by General Electric (USA) since the '50s, is to have two-phase flow conditions (water + steam) at 
the top of core. In these reactors, therefore, there is only one circuit (primary) and it is not 
present a secondary circuit for the 
steam production, as it is the case of 
pressurized water reactors type (PWR). 
The steam produced in the reactor 
core is delivered to the turbine located 
in an adjacent building. After driving 
the turbines it is condensed and the 
water is returned from the condenser 
to the pressure vessel.  
Two recirculation jet-pumps provide 
for forcing water down around the 
reactor core and shroud. When the 
reactor is shut down, the steam in the 
main circuit is diverted via a bypass 
line directly to the condensers, and the 
heat is dumped there, to the sea.  
  
Residual heat removal  - In shutdown 
mode, the Residual Heat Removal 
(RHR) system (connected to the two 
jet-pump recirculation circuits), driven 
by smaller electric pumps, circulates 
water from the reactor pressure vessel 
to RHR heat exchangers which dump the heat to the sea.  
 
Reactor Core Isolation Cooling (RCIC) - A Reactor Core 
Isolation Cooling (RCIC) is envisaged to cool the reactor 
when it is isolated, closure of main stream isolation 
valves, from the turbine. It is actuated automatically and  
can provide make-up water to the reactor vessel (without 
any heat removal circuit). It is driven by a small steam 
turbine using steam from decay heat, injecting water 
from a condensate storage tank or the suppression pool 
and controlled by the DC battery system.   
The RCIC systems are available in all units except the 
oldest unit 1 where the same function is played by the 
Isolation Condenser. 
The RCIC in unit 2 and 3 and the IC in unit 1 played a 
helpful role in the first part of the  Fukushima accident as 
far as:  DC was available,  water was available in the IC 
and T  in the suppression pool was low enough to allow 
the operation of the RCIC. 
 
Emergency Core Cooling System (ECCS)- The Emergency 
Core Cooling System (ECCS) is made of a high-pressure 

 

 

 
The Emergency Core Cooling Systems 
are composed of: 

1) Residual Heat Removal System 
2) Low-Pressure Core Spray (for 

LOCA) 
3) High-Pressure Core Injection 

(for LOCA) 
4) Reactor Core Isolation cooling 

(UNIT 2,3 [BWR4]) 
5) Isolation Condenser (Unit 1 

[BWR3]) 
6) Borating system 
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and low-pressure subsystems. The high pressure coolant injection (HPCI) system has pumps 
powered by steam turbines which are designed to work over a wide pressure range.  
The HPCI draws water from the large torus suppression chamber beneath the reactor as well as a 
water storage tank. Under about 700 kPa, the  Low-Pressure Coolant Injection (LPCI) is available 
which injects water  through the RHR system but utilizing suppression pool water, and a core 
spray system, all electrically-driven. All ECCS sub-systems require electrical power to operate. 
Beyond these original systems, it seems that Tepco in 1990s installed provision for water injection 
via the fire extinguisher system through the RHR system (injecting in the Vessel via the jet-pump 
nozzles) as part of it Severe Accident Management (SAM) countermeasures.  
 
Containment System ς The containment system of the  BWR Mark is made of a free-standing 
bulb-shaped drywell  (DW) (30 mm steel thick) which is  backed by a reinforced concrete shell, 
and connected to a torus-shaped wetwell (WW) in the lower part of the reactor building 
containing the suppression pool. The design pressure is the same for DW and WW.  
The DW, also known as the Primary Containment Vessel (PCV), contains the reactor pressure 
vessel (RPV). The water in the suppression pool acts as an energy-absorbing medium in the initial 
phase of a loss of coolant accident, after it needs to be cooled.  
The WW  is connected to the DW  by a system of downcomer vent lines, which discharge under 
the suppression pool water in the event of high pressure in the DW. 
The function of the containment system is to contain the energy released during a postulated 
design-basis loss-of-coolant accident (LOCA of any size) and to protect the reactor from external 
events. The design-basis break is the largest reactor recirculation system pipe break. The primary 
containment system is designed to withstand the combined seismic, pressure and temperature 
loads for this event and 
maintain integrity. The 
containment system 
accommodates this accident 
without exceeding the design 
leakage rate. 
 
The primary containment is 
one of the three main 
barriers limiting release of 
fission products from the 
BWR nuclear fuel into the 
environment. Other barriers 
include the fuel rod cladding 
and the reactor pressure 
vessel together with its 
piping, which form the 
reactor coolant pressure 
boundary.  
In addition to the three 
fission product barriers, the 
secondary containment 
surrounds the primary and is 
not designed to perform containment function. 
  
During normal operation, the DW atmosphere and the WW atmosphere are filled with inert 
nitrogen, and the water in the suppression pool of the WW is at ambient temperature 
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If a loss of coolant accident (LOCA) occurs, steam flows from the DW through a set of vent lines 
and pipes into the suppression pool, where the steam is condensed.  
Steam can also be released from the reactor vessel through the safety relief valves and associated 
piping directly into the suppression pool.  
Steam will be condensed in the WW, but hydrogen and noble gases are not condensable and will 
pressurize the system, the same will happen with steam if the WW water is boiling. In this case 
emergency systems will activate to cool the WW water.  
 
Containment depressurization - Overpressure in the primary containment (above 300 kPa) can be 
vented through the 120 m emission stack via a hardened pipe or into the secondary containment 
above the reactor service floor of the building.  
 
Secondary Containment - The secondary containment is made of the part of the reactor building 
external to the primary containment. It houses the emergency core cooling systems, other 
auxiliary systems, routing of piping and cables and , in the upper part adjacent to the service floor, 
the spent/ used fuel pool. It is not designed to contain high pressure. 
 
Conditions for fuel meltdown ς The meltdown of the fuel contained in the fuel rods would start 
to occur if the fuel itself reaches temperature up to 2800°C. If there is fuel meltdown the fuel rods 
slump within the assemblies. The άŎƻǊƛǳƳέ όŀ ƳƛȄǘǳǊŜ ƻŦ ƳƻƭǘŜƴ ŎƭŀŘŘƛƴƎΣ ŦǳŜƭΣ ŀƴŘ ǎǘǊǳŎǘǳǊŀƭ 
steel) drops to the bottom and can attack the reactor vessel steel material whose melting point is 
about 1500°C. This means that there is an obvious possibility that the corium can penetrate the 
steel if it remains hot enough. (in the 1979 US Three Mile Island accident, it didn't, though about 
half the core melted and it went 15 mm into the 225 mm thick pressure vessel steel).  
But the whole fuel melt scenario is much more probable when the severe sequence with loss of 
coolant function starts when the reactor is at full power than in the Fukushima situation (where it 
has started beyond the first few hours). Before fuel melting, cladding cracks at about 1200°C, 
its oxidation begins at about 1300°C (releasing hydrogen) and the zirconium cladding melts at 
about 1850°C. These temperatures can be reached also in some days after shutdown in the 
absence of cooling. 
 

 
 
 
 
Spent Fuel Pool - The spent fuel from the reactor core at the end of its core cycle is stored in 
spent fuel pools located near the top of each reactor so that the fuel can be unloaded under 
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wate.When the drywell is open, the reactor pressure vessel is open and flooded. The spent fuel 
from the ponds is later transferred to the site central used/spent fuel storage. The ponds can 
contain also some fresh fuel. 
 
Unit 2, 3 & 4 ponds are about 12 x 10 meters and some less for unit 1 . The temperature of these 
ponds is normally low, around 30°C when the recirculation and cooling system is working. They 
are designed to be safe at about 85°C in the absence of forced recirculation and with  moderate 
fuel load. They are about 12 meters deep, so the fuel is normally covered by 7 meters of water.  
At the time of accident there was no MOX  fuel present in any of the ponds and the situation of 
stored fuel in each SFP of units 1-4 is shown below: 
 
 

Spent Fuel Pool 
 

Unit 1 Unit 2 Unit 3 Unit 4 

Dimension 
 

12x7x12 12x10x12 12x10x12 12x10x12 

Nominal capacity 
 

900 1240 1220 1590 

Spent fuel loaded 
assemblies 

292 587 514 1331  
(783 +  discharged 

core of 548), 

New fuel loaded 
assemblies 

100 28 52 204 

 
 
The central fuel storage on site near unit 4 has a pond about 12 x 29 meters, 11 m deep, with 
capacity of 3828 m3 and able to hold 6840 fuel assemblies. At time of the accident 6375 
assemblies were stored in the undamaged central pool storage on site, with very low decay heat, 
and 408 in dry cask storage, utilized since 1995 for used fuel no longer needing much cooling. 
 
Siting and layout - All six units are built at a level of 10 meters over the seal level. Each unit is 
equipped with 2 redundant D/G and the units 6 has one more D/G air-cooled while all others are 
seawater-cooled. The Turbine Buildings, parallel to the shore line, are located on the west side of 
the Reactor Buildings (RBs) at a distance from the sea around 150 m. The first four RBs are on the 
same line and apparently not so distant from each other. The units 5 and 6 form a second group 
relatively distant from the others. 
The sea water is the main heat sink not only for the turbine condensers but also for the residual 
heat removal (RHR) systems and for the emergency D/Gs (except one air cooled). The D/Gs are 
located under the ground floor of the turbine buildings, and much of the reactors switchgear are 
on the ground floor in the turbine buildings. 
The units 1 to 4 are connected to a 275 kV electric grid and the units 5-6 to a 500 kV electric grids. 
 
Seismic Design - Japanese nuclear power plants are designed to withstand specified earthquake 
intensities.  If a pre-set level of ground acceleration is reached, systems will be activated to 
automatically shutdown the reactor. In this case the set scram level was 135 Gal at Daiichi (150 
Gal at Daini).  
The design basis ground motion for both Fukushima plants had been upgraded since 2006, and 
are quoted at horizontal 438-489 Gal for Daiichi and 415-434 Gal for Daiini. At this level of ground 
motion the units must retain their safety functions.  
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The recorded data of the earthquake of 11 March show that 550 Gal (0.56 g) was the maximum 
ground acceleration for Daiichi, in the foundation of unit 2 , and 254 Gal was maximum for Daiini.  
Daiichi units 2, 3 and 5 exceeded their maximum response acceleration design basis in E-W 
direction by about 20%. Recording was over 130-150 seconds.  
 
Various parameters have been proposed in the literature for estimation of the destructive power 
of an earthquake. Among these parameters, the CAV (cumulative absolute velocity) has been 
recently proposed. Using the data recorded in the Tohoku event, the CAV can be evaluated in 10, 
whereas in Kashiwazaki-Kariva earthquake of 2007 the CAV was equal to 2 with a recorded Peak 
Ground Acceleration (PGA) much higher that in Fukushima. This is apparently due to the 
exceptional duration of the Tohoku event. 
 
Tsunami Design - The design basis tsunami height was 5.7 m for Daiichi and 5.2 m for 
Daini, though the Daiichi plant was built about 10 meters above sea level and Daiini 13 meters 
above. Tsunami height coming ashore was more than 14 meters at Fukushima Daiichi (apparently 
much less at Daini site distant 11 km) and the turbine halls were under some 5 meters of 
seawater until the levels lowered.  
The flooding entered also the trenches and through them the basement of connected buildings. 
 
The maximum slip on the source fault of the tsunami was 23 meters, at about 160 km from 
Fukushima. In the last century there have been eight tsunamis in the region with maximum 
amplitudes at the source over 10 meters (some much more), originated by earthquakes of 
magnitude 7.7 to 8.4, on average one every 12 years.  
Those in 1983 and in 1993 were the most recent affecting Japan, with maximum heights at origin 
of 14.5 meters and 31 meters respectively, both induced by magnitude 7.7 earthquakes. 
 
A Japanese government's Earthquake Research Committee has elaborated a report on 
earthquakes and tsunamis off the Pacific coastline of northeastern Japan which was going to be 
released in April 2011. The document includes the analysis of a magnitude 8.3 earthquake that 
struck the region more than 1140 years ago. This was apparently caused when 3 sections of the 
seabed shifted simultaneously, triggering enormous tsunamis that flooded vast areas of Miyagi 
and Fukushima prefectures. The report concludes that the region should be alerted of the risk of a 
similar disaster striking again.  
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4. Tohoku earthquake  and  generated  tsunami  
 
 
On March 11th (05:46 UTC), 2011 a big earthquake (Mw=9.0, depth 24 km) stroke the Pacific coast 
of Japan and produced a giant tsunami which killed almost 30 thousand people. The earthquake, 
one of the five ever recorded greatest 
earthquakes in the world, was caused by the 
subduction of the Pacific slab beneath the 
North American plate; the rupture plane was 
about 500 km long and 200 km wide and the 
largest slip was around 23m, for a released 
moment magnitude of about 3.0x1023 Nm.  
The earthquake focus was located 150 km off-
shore the Miyagi prefecture in the Honshu 
Island at a depth of 24 km. The figure aside 
shows the fault plane model (ref. /11/) along 
with the slip distribution on the fault, the 
epicentre (red arrow) and some of the 
recording stations along the Honshu Pacific 
coast (triangles).  
In less than half an hour the earthquake was 
followed by a massive tsunami which locally 
reached a run-up height as high as 20 meters 
(ref. /16/) that travelled in the order of 10 km 
inland. Inundation depths at Fukushima-
Daiichi and Daini were 14 and 7 meters, 
respectively. The figure below (ref. /12/) 
shows the wave heights of tsunami along the 
coast.   
The difference in the sea wave heights is 
mainly due to the largest slip along the fault 
plane just in front of the Hoshika Peninsula (east of Sendai) which can be observed in the figure 
above, besides differences in the local bathymetry, of course.  
 
 

 

 
 
 
 
 
 
 



 

15 
 

Beyond the destruction of houses, bridges, harbours and infrastructures, the earthquake and 
tsunami severely threatened three nuclear installations, one of which suffered very severe 
damages and the release of radioactive material. Hereinafter the ground motion recorded during 
the earthquake is synthetically reviewed with a special emphasis to its role in the response of the 
nuclear power plants threatened by the earthquake.  
Strong ground motions showed a 
significant duration (between 120 
and 170 seconds), a very high 
destructiveness potential (CAV-
ǾŀƭǳŜǎ ƻŦ ǎƻƳŜ ƎΩǎ-sec, when a 
threshold damaging value is set at 
only 0.16 g-sec) and Arias intensity 
values of some meters per second. 
Nevertheless the recorded peak 
ground accelerations (PGA) were 
not extremely high as one could 
expect from such a huge 
earthquake. Only few records 
reported PGAs as high as 1.0 g, 
while the spatial distribution of 
PGA-values show that the coast was 
affected by PGA-values around 0.5 g 
on average (figure aside where the 
contour lines are PGA-values). 
 
The restrained PGA-values were 
mainly due to the very low 
frequency content of the source 
radiation and travel path which are 
reflected in the Fourier spectra of 
the records. Moreover, they did attenuate rapidly with distance from the causative fault as shown 
in the figure below, where the red lines display the median and variance of PGA as a function of 
fault distance for the main shock.  
 

 

 
 
 
 
 
 
 


