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FUKUSHIMA DAIICHI NPP (F1) 



FUKUSHIMA . . . The first nuclear accident 

caused by a combination of extreme external 

events . . .  

•The seismotectonic environment, the 

earthquake, the tsunami 

•The plant damage and response 

•The nuclear accident 

•The management of the accident 

•The radiological consequences 

•The management of the emergency 

•The actions by the world nuclear community 
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INTRODUCTION 



• A COMPLEX SCENARIO of COMBINATION of EXTREME 

EXTERNAL EVENTS AFFECTING SEVERAL NPPs and 

LEADING to a NUCLEAR ACCIDENT: 
 

• An earthquake of Magnitude 9 that did not produce 

apparent significant damage to the nuclear installations, 

 

• A tsunami, ~45 minutes later that flooded the Tokai 2, 

Fukushima Daiichi and Fukushima Daini sites, 

 

• Hydrogen explosions, a few hours-days later, 

 

• Aftershocks ( . . . . thousands), continuously, and 

 

• A region devastated with major damage to infrastructure 

and about 25000 casualties. 

• . 
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• We live in a world with plenty of hazards  



Global Seismicity 
NASA DATM 7 



Plate Tectonics 

The earthquakes are generated by faults rupture 
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Hazard levels calculated increase with 

time period of observation 

Low                       High 

Shaking Level (pga)  

100yrs 

10000yrs 

2g 0.025g 
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EARTHQUAKES AND “THE 

EARTHQUAKE” 



THE SEISMIC HAZARDS: 

11 

• Vibration of the ground 

• Tectonic uplift/subsidence 

• Landslides 

• Soil failures 

• Floods 

• Fires 

• . . . . 
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TSUNAMIS AND “THE 

TSUNAMI” 
1. What is a tsunami? 



Tsunami Definition 

 Tsunami is a Japanese term, meaning 

wave (“nami”) in a harbour (“tsu”).   
 

Terrae motus Terremoto  Earthquake 

Mare motus Maremoto  Tsunami 



Tsunami Definition  

• A tsunami is a wave … 

 . . . is a series of traveling waves of extremely 

long length and period, . . . 

 . . . generated by rapid (impulsive) disturbances 

usually associated with earthquakes occurring 

below the sea floor,  

 . . . near the coast of a sea or ocean,  . . . or near a 

large body of water. 



• Volcanic explosions or collapses,  

• Submarine landslides,  

• Coastal rock falls and landslides 

(triggered or not by earthquakes or 

volcanic eruptions),  

• Large meteorite impacting the ocean. 

Tsunamis can also be generated by: 

Tsunami 
 T Phase 

Submarine 

slide 

Tsunami 
T Phase 

Tsunamis have no connection with tides; the popular name of “tidal wave” 

Is entirely misleading.  



Tsunami Process 

Ocean Depth  Wave speed   Wave Length 
  

The propagation speed is reduced in shallow 

waters while the wave height increase quickly 
 



 

RELATIVE MOTION 

5 cm/year 

Blocked  

Zone 

DEFORMATION : 

In 400 years, 20 m 

Hypocenter 

DISLOCATION : 

20 m / several minutes Tsunami 

Subduction Zone: 

 
1) ~400 Years ago 

 

 

 

2) Just before 
earthquake 

 

 

3) When the 
earthquake occurred, 
tsunami is generated 

  

How is a tsunami generated?  



The 3 stages of a tsunami 

Three basic stages of tsunami behaviour: 

1.Generation, in the subduction fault 

2.Propagation,  in the open sea, and  

3.Inundation, when reachs the coast.  
 



How we know that a tsunami happened years ago?  



Tsunami Definitions 
• Run-up > Maximum water level (2 to 3)  

• Inundation  

• Maximum Water Level 

• Water Level at shoreline 



Tsunamis Direct Effects 

• Variation (+ / -) of Water 

Level, 

 

• Sand Movement, 

 

• Water dynamic effects: 

Wave Pressure / Force, 

 

• Floating Material (debris 

of all types), 

 

 

sand or silt 

▽ 

force/pressure 

building 

floating material 

building 



General Effects of External Flooding 

• Common cause failure for safety related systems: 
 Cooling Water Systems  
 Emergency power supply system. 
 Electric switchyard. 
 Loss of external connection to the electric power grid. 

 

• Infiltration of water to internal areas of the plant: 
 Increase of water pressure on walls and foundations. 

 Deficiencies in drainage system, causing flooding at the plant 
facilities with consequent large scale damage. 

 

• Dynamic effects of the water and erosion at the site 
boundary. 

• Effects on communication and transport networks 
around the plant site. 



TSUNAMIS 

2. The 11 March 2011 Tsunami  . . . 

the “reality” 
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The 11-03-2011 

Tsunami waves 
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TSUNAMIS 

3. The effects of 11 March 2011 

Tsunami  on the F1/F2 NPPs. 
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TSUNAMIS 

4. Tsunami Hazard Assessment 

before 11 March 2011 
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JSCE document indicates explicitly the seismogenic 

source areas to be adopted for the THA  
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RESULTS USING JSCE METHODOLOGY 



CONCLUSIONS - EARTHQUAKE 

• Although it appears that the Great East Japan earthquake 

exceeded the licensing based design basis ground 

motion of the F1 plant at the level of the foundation base 

mat in all units, the operating plants were automatically 

shutdown and all units behaved in a safe manner, during 

and immediately after the earthquake.  

 

• It was also confirmed that in some cases the observed 

values even exceeded the recently determined maximum 

response acceleration values showing apparently an 

underestimation of the new DBGM Ss.  
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CONCLUSIONS - EARTHQUAKE 

• The three fundamental safety functions of (a) reactivity 

control, (b) removal of heat from the core and (c) 

confinement of radioactive materials were available until 

the tsunami reached the sites.  

 

• It is very difficult to separate earthquake damage from 

others in that situation; i.e. tsunami with extended flood, 

three explosions and possible thermal related failures 

due to sea water cooling (e.g. to the spent fuel pools from 

helicopters).  As there was not enough time for a seismic 

walkdown in 45 minutes (before the tsunami came), it is 

not possible to rule out at least some damage due to the 

earthquake.  However, the walkdown performed by US 

EPRI at F2 confirmed good performance and plant 

response to the earthquake.  76 



CONCLUSIONS - EARTHQUAKE 

• Based on the reports from Japanese experts and plant 

personnel, safety related structures, systems and 

components of the plant seemed to have behaved well for 

such a strong extreme earthquake, possibly due to 

conservatisms introduced at different stages of the 

design process.  Similar to Kashiwazaki-Kariwa NPP 

experience and performance to NCO earthquake in 2007. 

 

• The combined effects of these conservatisms were 

apparently sufficient to compensate for uncertainties in 

the data available and the methods applied at the time of 

the design of the plant and also the re-evaluated ground 

motions. 
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CONCLUSIONS - EARTHQUAKE 

• The underestimation of the hazard in the 

original hazard study as well as in more 

recent re-evaluations mainly result from 

the use of recent historical seismological 

data in the estimation of the maximum 

magnitudes especially associated with 

the neighbouring subduction zone east 

of the sites.  

• No consideration of higher magitudes 

already occurred in same seismotectonic 

environment,  i.e. Pacific subduction rim.  
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LESSONS LEARNED - EARTHQUAKE 

• It should be recognized worldwide the need to consider 

potential maximum seismic events greater than those 

observed or recorded in historical time. 

  

• Although the need to consider pre-historical and 

historical data is well established in the international 

safety requirements for assessing the natural hazards at 

nuclear installations, this has not been followed 

especially in older nuclear power plants and in recent 

ones in which certain upper bounds to the maximum 

values are defined without proper consideration of 

experiences from time longer than recent historical 

records.  Use of paleoseismology studies should be 

promoted. 
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LESSONS LEARNED - EARTHQUAKE 

• The current IAEA safety standards establish a clear time 

scale (going back to historical and pre-historical eras) as 

well as tectonic capacity considerations in the estimation 

of maximum magnitudes associated with seismogenic 

structures.  

 

• There is a need for Member States regulations to reflect 

these considerations both for the new build as well as for 

re-evaluation of existing NPPs. 
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LESSONS LEARNED - EARTHQUAKE 

• Japan has undergone a seismic hazard re-evaluation 

(back check) recently on the basis of recent 

investigations and data. However, it was confirmed that 

these assessments were exceeded by the March 2011 

event. This experience shows the importance of a 

permanent oversight of the potential hazards and of 

performing all required actions for taking necessary 

measures for maintaining and increasing the safety level. 

• The Fukushima experience has also shown that there is a 

need to have in place a consistent and comprehensive 

pre-earthquake planning and post-earthquake response 

actions programme for all NPPs worldwide. IAEA has 

developed the new Safety Report 66 in this subject. 
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GENERAL OBSERVATIONS 

• Operators and regulators need to make a 
greater effort to understand external hazards – 
external hazards should be treated as 
mainstream nuclear safety and not as an 
‘afterthought’ – there is much room for 
progress in this area. 

 

• For emergency preparedness, radiological 
emergency and a rare external hazard may 
occur together. 

 



GENERAL OBSERVATIONS 

• Suppliers should understand that “standard 
designs” for ‘0.25g’ or ‘0.3g’ are inadequate for 
many parts of the world – economic pressure in 
‘new build’ countries to decrease hazard 
estimates (may have happened at F-1 in the 
1960s). 

 

• In the past 25 years: 

• Seismic hazard values increased by a factor of about 2 

• Maximum observed accelerations increased by about 4 

(from 1g to 4g) 

• Standard seismic design values more or less stayed 

the same 

 

 



GENERAL OBSERVATIONS 

• All levels of Defense in Depth were challenged at 

the same time – concepts of redundancy, 

diversity and physical separation need to include 

external hazards. 

  

• Safety analysis is performed for single unit 

whereas multi units and multi sites may be 

affected by a single external hazard. 



CONCLUSIONS - TSUNAMI 
• There were insufficient defence-in-depth provisions for 

tsunami hazards.  Although tsunami hazards were 

considered both in the site evaluation and the design of 

the Fukushima Daiichi NPP and the expected tsunami 

height was later increased (without changing the 

licensing documents) after 2002, the tsunami hazard and 

associated risk was underestimated due to the 

underestimation of the maximum M magnitude 

associated with the subduction zone.  
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CONCLUSIONS - TSUNAMI 

• Furthermore, considering that it was not possible to 

provide for a ‘dry site’ condition for these operating 

NPPs, the additional protective measures taken as result 

of the evaluation conducted after 2002 were not sufficient 

to cope with the unexpectedly higher tsunami run up 

values and all associated hazardous phenomena 

(hydrodynamic forces and impact of large debris).  

 

Even the tectonic subsidence was not taken into account 

regarding the grade level to which the tsunami waves 

reached. 
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CONCLUSIONS - TSUNAMI 

• Moreover, the re-evaluation of the hazard after 2002 and 

the adequacy of the protective actions taken were not 

reviewed and/or approved by the Regulatory Authority. 

  

• Because failures of SSCs when subjected to floods are 

generally not incremental, the plants were not able to 

withstand the consequences of tsunami heights greater 

than those expected (cliff edge effect). 
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CONCLUSIONS - TSUNAMI 

• The tsunami warning and notification system, if 

implemented and available, was not able to provide 

appropriate and timely response for plant reaction to the 

event. Japan, for example, has developed the TIPEEZ 

System which was not used as F1 plant and the operators 

were not aware of the coming of tsunami waves. 
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CONCLUSIONS - TSUNAMI 

• It is recognized worldwide that Japan has a high level of 

expertise and also experience regarding tsunami hazard 

and provides leadership in this topic worldwide. This is 

reflected in the major influence that Japanese academic, 

scientific and technical institutions have on the 

international research and development of this topic.  

 

It seems that organizational and governance issues have 

prevented this expertise to be applied to practical cases at 

the three NPPs affected.  
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LESSONS LEARNED - TSUNAMI 

• There is need to incorporate large safety factors to 

estimate tsunami run up for NPP sites for the following 

reasons:  

(i) large aleatory and epistemic uncertainties in parameters 

involved in tsunami hazard particularly the 

characterization of the tsunamigenic sources, 

(ii) significant variations in inundation levels at different 

parts of the site considering the specific and detailed 

plant layout and plant sector elevations,  

(iii)difficulties in incorporating effective tsunami protection 

measures for operating plants after an increase in 

tsunami height estimation,  

(iv)high vulnerability of NPP SSCs to increased flood 

levels, i.e. to flood related cliff edge effects. 
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LESSONS LEARNED - TSUNAMI 

• There is also need to use a systemic approach for 

dealing with the design and layout of the plant SSCs for 

an effective protection against tsunami hazards.  

• Leak tightness and water resistance should be assured 

through a comprehensive evaluation of all potential 

water ways.  

• However, this measure can only be used as a 

redundancy (i.e. in conjunction with a dry site or an 

effective site protection measure).  
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LESSONS LEARNED - TSUNAMI 

• For well defined tsunamigenic (fault controlled) sources, 

a large earthquake will always precede the tsunami. If 

the source is near the site, the vibratory ground motion 

will provide a warning.  

For all tsunamis that may occur at the site, notification from 

the national tsunami warning system should be 

transmitted to the control room for immediate operator 

actions.  

A clear procedure should be followed by plant management 

in preparing for a possible tsunami until the warning is 

lifted.  
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LESSONS LEARNED - TSUNAMI 

• An updating of regulatory requirements and guidelines 

should be performed reflecting the experience and data 

obtained during the Great East Japan Tsunami, using 

also the criteria and methods established in the IAEA 

related safety standards for comprehensively coping 

with tsunamis and in general all correlated external 

events.  

• The national regulatory documents need to include data 

base requirements and assessment methodologies 

compatible with those required by IAEA Safety 

Standards.  

• The methods for hazard estimation and the protection of 

the plant need to be compatible with the advances in 

research and development in this field.  
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LESSONS LEARNED - TSUNAMI 

 

• The potential for scenarios involving flooding hazards 

and multiple units (and possible multiple sites) needs to 

be fully and comprehensively investigated for new and 

existing nuclear power plants worldwide and if they 

cannot be screened out provisions for: 

• plant layout,  

• site protection measures,  

• design, accident management and emergency preparedness and 

response  

 should be taken in order to adequately protect the 

installation against these disasters. 
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LESSONS LEARNED – EXTERNAL 

EVENTS 

• After a major disaster which may cause severe 
disruption to the plant the changed plant state and 
physical conditions of the SSCs need to be taken into 
consideration. The changed plant state (degraded 
systems and degraded physical conditions of the SSCs) 
may have lost design robustness and may have 
degraded defense in depth.  
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LESSONS LEARNED – EXTERNAL 

EVENTS 

• The safety profile of the plant needs to be well 
understood (e.g. the required SSCs) for different plant 
states (e.g. shutdown) in order to provide for a 
consistent protection and a plan for upgrades. 

  

• A major natural disaster may temporarily alter the 
environment at regional scale.  In order to provide for an 
uninterrupted recovery process, there is a need for 
understanding the plant vulnerabilities and the new 
environment and providing protection for the plant and 
the recovery action accordingly in a timely manner. 
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LESSONS LEARNED – EXTERNAL 

EVENTS 

 
There is a need to ensure that in considering external 

natural hazards the siting and design of nuclear plants 

should include sufficient protection against infrequent and 

complex combinations of external events and these should 

be considered in the plant safety analysis – specifically 

those that can cause site flooding and which may have 

longer term impacts; 
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LESSONS LEARNED – EXTERNAL 

EVENTS 

There is a need to ensure that in considering external 

natural hazards: 

•plant layout should be based on maintaining a ‘dry site 

concept’, where practicable, as a defense-in-depth measure 

against site  flooding  as well as physical separation and 

diversity of critical safety systems; 

 

•common cause failure should be particularly considered 

for multiple unit sites and multiple sites, and for 

independent unit recovery options, utilizing all on-site 

resources should be provided; 
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FINAL REMARKS 

• “one in one million it does not mean that is 

impossible”; 

• hazard assessment should be based on pre-

historical and historical database; 

• less complacent with human errors in the 

decision making process and the governance 

deficiencies; 

• peer reviews by independent peers: effective 

way to learn and to generate changes and 

improvements 

• was this accident preventable?  

 

 



Thank you for your attention 

Questions? agodoy@aon.at 


