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Overview

► Human planning and its shortcomings is the greatest risk for 
nuclear power plants (NPPs)

      ● Lack of consistent planning for hyper-complex systems

      ● Greedy/lazy shortcuts (for money and power)

► Events leading to the 2011/3/11 nuclear catastrophe

      ● Mag 9.0 earthquake (predictable)

      ● Tsunami (predictable)

► Consequences of the 2011/3/11 nuclear catastrophe

      ● Economic hardship,    TEPCO bailout via taxpayer

      ● Health,     Nuclear decontamination,    Decommission of NPP 
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Goal: To Convince You
Nuclear Power must be shut down asap everywhere.!  

► The greatest risk factor in NPPs is human behaviour.

► Since NPPs are hyper-complex systems, wear and tear of          
     minor parts which can cause major disruptions make NPPs         
     ticking time bombs, even if the greatest of maintenance efforts    
     is made.

► The problem of nuclear waste disposal is unresolved and, in       
     principal, unsolvable.  Nobody can guarantee the security of       
     disposal technology for 100,000 years or more.  The costs for     
     guarding even the current collected nuclear waste are                 
     astronomical over this time span and not part of the current         
     cheap electricity bill.
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Earthquakes (EQs) in Japan

► Magnitudes of major EQs along the Pacific Rim:

     1960  Vadivia, Chile  9.5              1964  Alaska, USA  9.2 

     1952  Kamchatka, USSR  9.0      1700  J de Fuca Plate, Can/USA  8.7-9.2

► Magnitudes of major EQs around Japan over her history (Pacific Rim):

       869  Jogan Sanriku EQ  8.6       1498  Meio Nankaido EQ  8.6

     1707  Hoei EQ  8.6                       1896  Meiji-Sanriku EQ  8.5

► Such EQs can occur close to any NPP in Japan. Combined with the (likely      
    invisible) ageing and weakening of equipment and structure (also through       
    poor maintenance), the threat of massive EQs turns NPPs into ticking time      
    bombs.
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The 2011/3/11 Earthquake

► Scale of the 2011/3/11 mag 9.0 EQ

      ● 5th largest EQ ever recorded

      ● Moved Honshu 4 m east

      ● Subsided the nearby coastline by 0.5 m

      ● Caused a devastating tsunami

      ● Caused many aftershocks, in particular,   
         a mag 7.9 aftershock the same day

► In the 2011 scenario, the Fukushima Dai-     
    ichi NPP was cut off from the power grid, a   
    significant consequence of the magnitude     
    9.0 of the EQ whose scale of destruction      
    defies human planning ability.                  

                                                      Source: USGS
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Impact-Planning by TEPCO for 
Earthquakes near Fukushima NPP /1

 http://www.world-nuclear.org/info/inf18.html

 ► Design Basis EQ Ground Motion Ss for Fukushima

      ● In March of 2008, TEPCO upgraded its estimates to a needed 600 Gal       
     (6m/sec^2) corresponding to a mag 7.75 EQ underneath the NPP similar    
     to the 1994 mag 7.2 Kobe EQ underneath Kobe city.

      ● The mag 9.0 Tohoku EQ in 2011/3 whose epicentre was relatively far away 
     did not exceed this new standard at the Fukushima Dai-ichi NPP.  550 Gal  
     was the maximum, in the foundation of Reactor 2.

      ● However, the original design specification of 440 Gal was surpassed.

► It seems that the Fukushima Dai-ichi NPP which was built in 1967-1971 as a 
copy of a GE design had not been strengthened, in particular, since some 
people claim that a meltdown or significant damage in the first hour after the 
EQ happened in Reactor 1 based upon TEPCO reports. 
(http://www.redicecreations.com/article.php?id=15412)

http://www.world-nuclear.org/info/inf18.html
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Impact-Planning by TEPCO for 
Earthquakes near Fukushima NPP /2

http://www.world-nuclear.org/info/inf18.html

► Design Basis EQ Ground Motion Ss for Fukushima

    ● In March of 2008, TEPCO upgraded its estimates to a needed 600 Gal        
    (6m/sec^2) corresponding to a mag 7.75 EQ underneath the NPP similar    
    to the 1994 mag 7.2 Kobe EQ.

     ● The original design specification was 440 Gal.

► However, observe the following fact vs. the human estimates above:              
 Ground acceleration was around 2000 Gal a few km north, on sediments

http://www.world-nuclear.org/info/inf18.html
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Consequences for Nuclear 
Reactors in Japan & elsewhere

► EQ-danger: A massive EQ close to any NPP in Japan or elsewhere would 
easily exceed design specifications by a large margin. Such events are 
beyond human estimation and planning ability. NPPs in EQ-zones need to be 
shut down.

► Design-danger: Mark I design used at Fukushima is inherently dangerous.

     ● The Mark I design is an old design where, e.g., moderator rods are pushed 
    upwards into the reactor.  The latter leads to weak spots in the reactor         
   pressure vessel (RPV) where hot corium can melt through.

     ● Unsafe: http://www.nytimes.com/2011/03/16/world/asia/16contain.html

     ●     Possibility of H2 explosion in similar circumstances seen in 1972.

     ●     Discontinuation recommended & postponed for survival of the industry.

► USA (East): 23 reactors at 16 locations are Mark 1 design. EQs are possible.

http://www.nytimes.com/2011/03/16/world/asia/16contain.html
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Human Failures in Planning for  a 
Massive Earthquake /1

http://spectrum.ieee.org/energy/nuclear/24-hours-at-fukushima/0

► 14:46. mag 9.0 EQ occurs

► 14:52. Reactor 1's emergency cooling system [isolation condenser (IC)], 
capable of running without external power, turns on automatically.

► 15:03. Reactor 1's IC is manually shut down. This is a by-the-book decision 
based upon the fact that the cooling went too fast and put stress on the steel 
reactor vessel (SRV).  

► 15:46. A 14m tsunami overtops the seawall designed to protect the plant 
from a tsunami of 5.7m, flooding the Fukushima  Dai-ichi NPP and disabling 
the backup diesel generators. With the loss of all electrical power supply,  the 
emergency cooling system IC cannot be turned on manually (needs 
electricity). 

► Human deficient procedural planning aggravates the crisis significantly.
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Human Failures in Planning for  a 
Massive Earthquake /2

Source: http://spectrum.ieee.org/energy/nuclear/24-hours-at-fukushima/0

► 14:46. Mag 9.0 EQ occurs.

► 15:46. A 14m tsunami overtops the seawall designed to protect the plant 
from a tsunami of 5.7m, flooding the Fukushima  Dai-ichi NPP and disabling 
the backup diesel generators. 

► TEPCO had a backup for the emergency generators: power supply trucks 
outfitted with high-voltage dynamos. TEPCO's Tokyo headquarters sent 11 
power supply trucks  towards Fukushima Dai-ichi, 250 km away. They got 
stuck in traffic. The roads were clogged with residents fleeing the disaster.

► How much do 11 power supply trucks  with high-voltage dynamos cost.?

     ● 11 trucks = USD 3,000,000-10,000,000  (~ 3-10 days worth of profit)

► Human deficient planning  (motivated by greed)  aggravates the situation.
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Big Tsunamis in Japan 

► Magnitudes of Tsunamis around Japan (Pacific Rim):

     ●   869   Jogan Sanriku EQ, extensive flooding of the Sendai plain

     ● 1498   Meio Nankaido EQ, triggered a large tsunami

     ● 1771   Great Yaeyama Tsunami, 40m              

     ● 1896   Meiji-Sanriku EQ, 25m   (excluded from TEPCO's analysis)

     ● 1933   Sanriku EQ (pic), 28.7m (overlooked in TEPCO's analysis)

                                                                   

                                                                  Tsunami warnings carved in stone

                                                                          all along the Japan Pacific Coast.

                                                                      Source: Iwate Pref. Gov. (publ. 1933)



 12

TEPCO's Failure to Recognize the 
History of Tsunamis in Japan 

► Height of Tsunamis around Japan (Pacific Rim):         

     ● 1896   Meiji-Sanriku EQ, 25m (excluded from TEPCO's first analysis)

     ● 1933   Sanriku EQ, 28.7m      (overlooked in TEPCO's first analysis)

► TEPCO Analysis of the Tsunami Risk:

     ● 1970   TEPCO's official tsunami height prediction set at  3.1m   ←           
     (all EQs/Tsunamis before 1897 were excluded, 1933 was overlooked)

     ● 2002   TEPCO's official tsunami height prediction set at 5.7m                     
    (based upon computer simulations.! of a source fault model)

     ● 2008   TEPCO's own research is published abroad and warns of possibly  
    higher tsunamis (~15m). TEPCO rejects its own research officially for        
    reason of assumptions which do not reflect an actual event.

► Greed (cost savings) dominates reason. A human weakness.
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TEPCO's Failure to Recognize 
Construction Expertise 

► In newer NPPs in Japan, the emergency Diesel generators are integrated 
at a higher, tsunami-proof level in the main reactor building. 

► Nobody at TEPCO goes back to the Fukushima Dai-ichi NPP and corrects 
the positioning of the emergency Diesel generators even though the 
problem has, obviously, been recognized. 

► How much does an adjacent building for positioning emergency Diesel 
generators at a higher level cost.?

     ● Diesel Generator Building = USD 5,000,000-10,000,000 per Reactor

► Greed (cost savings) dominates reason. A human weakness.



 14

Reactor 1: Timing of 
Meltdown & Explosion

2011/3/11, 14:46.  Mag 9.0 EQ occurs

2011/3/11, 15:46.  A 14m tsunami disables the backup diesel generators. 

2011/3/11, 19:30.  The fuel in Reactor 1 becomes fully exposed above the         
                               water surface, fuel damage in the central core begins.

2011/3/12, 06:50.  Core of Reactor 1 has  completely melted and drops to the   
                               bottom of the RPV.

2011/3/12, 15:36.  Massive explosion in the outer structure of Reactor 1. The     
                               concrete building surrounding the steel reactor vessel col-     
                               lapses as a result of the explosion.

15:46 → 06:50 = 15h.   Complete Meltdown of Reactor 1.

15:46 → 15:50 = 24h.   Explosion of Reactor 1.
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MOX-Fuelled Reactor 3: Timing of 
Meltdown & Explosions

2011/3/11, 15:46.  A 14m tsunami disables the backup diesel generators. 

2011/3/13, 02:42.  High pressure coolant injection system for Reactor 3 stops.     
                               The water level within the reactor starts falling.

2011/3/13, 07:00~.  Water level in Reactor 3 reaches top of the fuel.

2011/3/13, 09:00.  Core damage starts in Reactor 3.

2011/3/14, 11:01.  Massive explosion in the outer structure of Reactor 3. The       
                               concrete building surrounding the steel reactor vessel col-       
                               lapses as a result of the explosion.

         Re-criticality occurs:  2011/4/26  A. Gunderson,  2011/12  others

2011/3/14, 15:00.  Major part of the fuel in Reactor 3 drops to bottom of RPV.

2011/3/15, 11:00.  Second explosion in the outer structure of Reactor 3.
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MOX-Fuelled Reactor 3: 
Re-criticality

2011/3/11, 15:46.  A 14m tsunami disables the backup diesel generators. 

2011/3/14, 11:01.  Massive explosion in the outer structure of Reactor 3.

       Re-criticality occurs: 2011/4/26 A. Gunderson, 2011/12 others

2011/4/26.  proposed: A. Gunderson, http://vimeo.com/22865967

It is interesting to note in which way A. Gunderson was attacked for 
being “a teacher” and not “a nuclear expert” in various media, in 
particular, in pro-nuclear blogs.

2011/12/12.  confirmed: S. Fujiwara, Japanese engineer                                     
                       JNES (Japan Nuclear Energy Safety Organization)                        
                       http://ex-skf.blogspot.com/2011/12/japanese-engineer-there-was-nuclear.html

2011/12/16.  confirmed, Cl-38: former Prime Minister Y. Hatoyama (Nature)       
                       http://ex-skf.blogspot.jp/2011/12/former-japanese-pm-hatoyama-fukushima.html

http://vimeo.com/22865967
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Reactor 2: Timing of 
Meltdown & Explosions

2011/3/11, 15:46.   A 14m tsunami disables the backup diesel generators. 

2011/3/12, 10:58.   Pressure in the containment of Reactor 2 still remains too    
                                high. Venting radioactive vapour into the air.

2011/3/14, 13:15.   Core isolation cooling system of Reactor 2 fails & water        
                                level within the reactor starts falling.

2011/3/14, 18:00~. Water level in Reactor 2 reaches the top of the fuel.

2011/3/14, 20:00.   Core damage in Reactor 2 starts.

2011/3/15, 06:10.   Explosion in Reactor 2.

2011/3/15, 10:00~. Explosion in Reactor 2.

2011/3/15, 20:00.   Majority of the fuel in Reactor 2 drops to the bottom of RPV. 
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Reactor 4: Timing of 
  Explosions & Fires

2011/3/11, 15:46.   A 14m tsunami disables the backup diesel generators. 

2011/3/15, 06:00.  Explosion near Spent Fuel Pool (SFP).

2011/3/15, 09:40.  Fire in SFP.

2011/3/15, 21:13.  Evacuation of workers due to high radiation.

2011/3/16, 05:45.  Fire in SFP found again.

2011/3/16, 06:15.  Fire in SFP reported as out.

2011/3/16, 14:30.  Water in SFP possibly boiling.
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Radiation Spikes vs. Reactor 
Explosions & Vapour Releases 1
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Nuclear Releases

http://www.spiegel.de/panorama/bild-751072-193266.html

► Significant Peaks of Releases of Radiation                                                      
 Measured at the main gate of the NPP complex.  Up to 12 mSv/h.

     ● 2011/3/13, 09:20.           Reactor 3, vapour release

     ● 2011/3/14, 20:35.           Reactor 2, vapour release

     ● 2011/3/15, 06:10.           Reactor 2, explosion

     ● 2011/3/15, 10:00~.         Reactor 2, explosion

     ● 2011/3/15, 06:00-11:16. Reactor 4, explosion & fire

http://www.spiegel.de/panorama/bild-751072-193266.html
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Radiation Spikes vs. Reactor 
Explosions and Vapour Releases
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Nuclear Releases and Weather

► 2011/3/13-15.  Wind directions are towards the Pacific mostly (blowing 
towards East).  This protects Japan and, in particular, Fukushima Prefecture 
somewhat at the onset of the crisis.

► 2011/3/15.  Wind starts blowing South towards Tokyo.

► 2011/3/16.  Wind turns slowly inland blowing West.

► Simulations (showing how much was deposited over the ocean):

     ● Nuclear dispersion over Japan and the Pacific 

      ● http://www.irsn.fr/FR/popup/Pages/animation_dispersion_rejets_19mars.aspx

     ● Nuclear radiation rate for a one-year-old child

      ● http://www.irsn.fr/FR/popup/Pages/animation_doses_corps_entiers_19mars.aspx

http://www.irsn.fr/FR/popup/Pages/animation_dispersion_rejets_19mars.aspx
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Radiation Spikes at different 
Locations/Times in Fukushima Pref.
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Estimate Radiation Dosages for
2011-2 around the Fukushima NPP

Rem=0.01Sv

2Rem=20mSv

Maximal

allowable

dose/year for

nuclear

workers

in Germany:

100mSv/5y
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Nuclear Releases
Fukushima vs. Chernobyl

Scientific American (Nature):
http://www.scientificamerican.com/article.cfm?id=fukushima-nuclear-planet-released-more-radiation-government-said

► Releases of Radiation

      ● Xenon-133. Fukushima:  1.7·10^19 Bq.    Chernobyl: 1.4·10^19 Bq.       
     (half-life 9.2h)  Not absorbed in the body.

      ● Iodine-131. Fukushima:  1.5·10^17 Bq.     Chernobyl: 1.75·10^18 Bq.      
     (half-life 8d)  Accumulates in the thyroid.

      ● Caesium-137. Fukushima: 3.5·10^16 Bq  (2 x official gov. fig.)   ~3kg.     
                                                                        Chernobyl:  8.5·10^16 Bq.       
     Cs-137 stays in the environment long time (half-life 30.17 y).                   
     Accumulates in the body like potassium. 

         --- Cs-134 was also released (half-life 2.07 y).

► Some sources say for amount of radiation Fukushima=Chernobyl.
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Radiation Releases: Fukushima NPP

► Xenon-133.      1.7·10^19 Bq.  (half-life 9.2h)  Not absorbed in the body.

► Iodine-131.       1.5·10^17 Bq.  (half-life 8.02d)  Accumulates in the thyroid.

► Caesium-137.   3.5·10^16 Bq, ~3kg.  (half-life 30.17y)                                  
                                                     Accumulates in the body like potassium. 

      --- Cs-134  likely similar amount released.  (half-life 2.07y)  

► Tellurium-129m.   max. 2.66 10^6 Bq/m^2 (half-life 30.17d)

► Strontium-90.       max. 195 Bq/kg (half-life 28.90y)  Accumulates in bones. 
                               Roof of building in Yokohama; officially unclear origin. 

► Plutonium-239/240.   Pu-239 (half-life 24,200y) + Pu-240 (half-life 6,500y)    
                                  ● 15 Bq/m^2 in Fukushima Prefecture                           
                                  ● 9.4 Bq/m^2 in Ibaraki Prefecture                                
                                  ● Global average in [0.4,3.7] Bq/m^2.                            
                                  Very toxic metal & dangerous alpha-ray emitter.
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Contamination: Fukushima NPP
2011 March 30 - April 3

10 mRem/h =

100 mcSv/h =

0.876 Sv/y

1 chest X-ray

per hour
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Contamination ~today: 
Fukushima NPP

Safecast Map: http://gamma.tar.bz/maps/static/ under Universal (CC0 1.0) Public Domain Dedication

taken 

from

Safecast

website

0.9 mcSv/h=

7.88 mSv/y
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Contamination: Fukushima NPP

► Example Contamination Rates in mcSv/h: (safecast, own measurements)

     Tokyo/Matsudo.          0.3 mcSv/h = 2.63 mSv/y

     Koriyama City.            0.6 mcSv/h = 5.26 mSv/y

     Near Mt. Hiyama.     10.0 mcSv/h = 87.6 mSv/y

              Line: Dai-ichi-NPP ↔ Fukushima City;  outside evacuation zone.

     Fukushima City.          0.7 mcSv/h = 6.13 mSv/y

     AizuWakamatsu City. 0.2 mcSv/h = 1.75 mSv/y
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 Linear No-Treshold Relation 
for Radiation vs. Cancer

Radiation Exposure Cancer Model

► http://ex-skf.blogspot.jp/2012/05/radiation-effects-research-foundations.html

► K Ozasa, Y Shimizu, A Suyama, F Kasagi, M Soda, E J Grant, R        
 Sakata, H Sugiyama, and K Kodama (2012) Studies of the Mortality   
 of Atomic Bomb Survivors, Report 14, 1950-2003: An Overview of      
 Cancer and Noncancer Diseases. Radiation Research: Mar 2012,      
 Vol. 177, No. 3, pp. 229-243.

      ● Accumulative Linear No-Treshold Relation confirmed for:  

         radiation vs. cancer

      ● This is the likeliest and simplest model, not a treshhold model nor   
     a reverse-effect “little radiation is good for you” model.

http://ex-skf.blogspot.jp/2012/05/radiation-effects-research-foundations.html
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 Health Consequences

► Example: Computation for Koriyama City

      ● based upon an Accumulative Linear No-Treshold Model

      ● Fact: 100 mSv causes cancer in 1% of the population.

      ● Koriyama City: 350,000 inhabitants, 1%=3,500

      ● Current Radiation Level: 0.6 mcSv/h = 5.26 mSv/y

      ● Assume: current rate is caused by 50% Cs-137 (half-life 30.17y)

      ● Dose assuming exponential decay with hl = 30.17y after 30y:

         >57 mSv ≡ >1,750 cancer patients  ≡ ~500 deaths

► Similarly: Fukushima City: 290,000 inhabitants, 6.13 mSv/y



 32

 Health Consequences

Suicides

► A resident of Namie-machi committed suicide by stabbing his 
stomach with a kitchen knife to protest against nuclear power plant. 
(radiation level ~ 200 mSv/y)

► A vegetable farmer hanged himself in the morning of 2011/3/24 in 
Sukagawa City. It was one day after the government issued a "intake 
restriction" on some of the vegetables grown in Fukushima.

► Few others....
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Cost Estimates for Decontamination

► Costs to decontaminate the City of Minami-Soma: 

     ● 46,000 buildings (estimating USD 7,000 for a small family house)

     ● USD 525,000,000 using government-approved low estimates

     ● Half a billion dollars.!

► Cesium attaches very well to stone, concrete or asphalt surfaces        
 (somewhat mechanically).  Many such areas would have to be            
 scratched off several cm deep to remove the cesium contamination.

► Resulting radioactive rubble would have to be stored.!
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Economic Costs for Local Industries

Fukushima Economy

► Coastal Areas: fishing and seafood (already contaminated).

     ● The nuclear crisis starting 2011/3/11 released the greatest among of             
    radioactivity into the ocean ever.

► Inland regions: agriculture (restricted).

     ● Before 2011/3/11: 20.6% of Japan's peaches, 8.7% of cucumbers.

► Verification of radiation standards requires significant resources not only in     
 Fukushima.

Japan's Tourism Industries

► Travellers stay away from Japan, in particular, Tohoku. (~ -25%)
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Economic Costs related to the NPP

► TEPCO Bailout

      ● TEPCO is practically bankrupt and will be bailed out by the             
     government at taxpayer's expense for USD 10^10.

► Decontamination Costs

► Decommissioning the Fukushima Dai-Ichi NPP                  

      ● Three mile island: 14 years (intact building, 91t of fuel removed)

      ● Chernobyl had 180t which could not be removed and needs a         
     second sarcophagus after 25 years.

      ● 50 years for ~350t of melted fuel in the 4 damaged reactors (?)

► Long-term Inhabitable 400km^2 Zone around the Dai-Ichi NPP

      ● 302 years waiting time reduces Cs-137 by a factor 1024.
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Memorable Quotes

“Not banning them might be the end of nuclear power.” 

Mr. Lochbaum on the Mark 1, a nuclear engineer who spent 17 years 
working in nuclear facilities, including three that used that design.

“Nobody could anticipate such an event.”

TEPCO officials, politicians, press & TV shortly after 2011/3/11.
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Summary

► Most of the disaster at Fukushima Dai-ichi NPP was man-made

      ● Incompetent plant design (tsunami height, EQ-resistance).

      ● Incompetent planning for emergencies (diesel generators, trucks and         
     procedures).

      ● Greed in letting such an old plant operate with a second 10-year license    
     extension and allowing MOX-fuel to be used.

► Man-made nuclear disasters will continue to happen unless one stops use 
of this technology altogether.

      ● Three Mile Island: violation of one rule for shutting certain valves.

      ● Chernobyl: one design mistake for the tips of moderators.

      ● Fukushima: insufficient height of the one Tsunami-dam.

► Costs  not to do so  are  unbearably high.
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