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Earthquake 3.11 2011

https://www.hinet.bosai.go.jp/about_earthquake/part1.html

Dislocation causes earthquakes

Energy of earthquake is (almost) 
proportional to the area of the fault.



Earthquake 3.11 2011

https://www.hinet.bosai.go.jp/about_earthquake/part1.html

Energy of earthquake ∝ 1000M/2

M7 is 1000 times bigger than M5 
32 x 32 = 1024 

M7 is 32 times bigger than M6 



M5 : 3.2 km long move 16cm

M5.0 - 5.9　～1300 /year in the world by USGS



M7 : 32 km long move 1.6 m

M7.0 - 7.9　～ 17 /year in the world by USGS



M9 : 320 km long move 16 m
Only 5 earthquake more than M9 since 1900.
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（引用：気象庁気象研究所作成資料） 

図 2.4 すべり量分布図 
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At Earthquake 
The reactors “Stopped” safely 
No damage has been reported. 

But 
Power line got damage. 

External power is necessary for cooling. 
Instead of external power,  
power generators take over.



Earthquake 3.11 2011

https://www.bousai.go.jp/kohou/kouhoubousai/h21/05/special_02.html



https://www.jma.go.jp/jma/kishou/know/faq/faq26.html

https://www.city.miyako.iwate.jp/kikaku/koho/
higashinihondaishinsai_miyako-shi-no-kiroku/
kirokuphoto_1.html



Instead of external power,  
power generators take over. 

At Tsunami 
It damaged power generators. 

… No cooling.

What will happen?
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… No cooling.

What will happen?



chemical energy
Battery voltage is related to the chemical interactions.

Ni-Cd 
battery (1.2V)

Alkaline manganese 
battery (1.5V)



Thermal Energy

8.6171E-5 eV/K

at room temperature, it is about 26 meV = 0.03 eV

k is Boltzmann constant 

Energy of gas molecular is proportional to the temperature. 
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∆tの間に面を通る流量を求める。
流れが面に垂直な場合　通過する体積は、v∆t∆S

流量は密度を掛けて∆I = ρv∆t∆S

∆tの間に面を通る流量を求める。
通過する体積は、v cos θ∆t∆S

面に垂直な単位ベクトルを考えると、
(v · (n = v cos θ

流量は密度を掛けて∆I = ρ(v · (n∆t∆S

面積ベクトルを−→
∆S = ∆S(nとすると

∆I = ρ(v · (∆S∆t

d

dt
∆I = ρv∆S (1)

x− y平面の場合

It is much lower than the ionization energy



Gravitation

Free fall of 1 kg from 1m high

mgh ＝ ~10 J = 6 x 1019 eV

It is large energy but each nucleon may get …

6 x 1019 eV / (1000 x 6 x 1023) = 1 x 10-7 eV = 100 neV

Compare to other Energy, it is several order smaller.



How much eV?

～１kW

1kW 
= 100V x 10A  
= 100eV x 10/1.6x10-19/s 
= 6 x 1021 eV/s



Can you feel radiation?

～１kW



Can you feel radiation?

1 MBq x 1MeV = 1TeV/s

1TeV/s = 160 nW = 38nCal



Can you feel radiation?

1 Sv = 1J/kg = 1W s/kg



1018Bq/t x 1MeV = 1024eV/s/t

1024eV/s/t = 1.6 x105J/s/t = 160kW/t

In addition, we cannot switch off this heat



With cooling 
Fission Products are remained in a capsule. 

Without cooling, a capsule melts. 

Melted fuel leaked from the pressure vessel into the inside of the 
containment vessel, and at the same time, cesium and other 
radioactive materials discharged from the fuel assembly was 
discharged within the containment vessel. 
Additionally, under high temperature due to core damage, steam and 
zirconium of the fuel cladding reacted to generate hydrogen, which 
was discharged within the containment vessel from the damaged 
part of the pressure vessel together with steam.

Zr generates Hydrogen at 900°C 

ZrO2 melts at about 2,700°C



In the meantime, core damage increased the temperature and 
pressure in the containment vessel and deteriorated its 
confinement function, causing gaps in such parts as the 
penetrator that extends to the outside of the containment vessel. 
 Radioactive materials discharged from such gaps to the outside 
of the containment vessel and diffused into the environment.  
Hydrogen generated due to the reaction of the steam and metal 
of the fuel cladding leaked through the gaps into the reactor 
building and accumulated there, and led to a hydrogen 
explosion.

It is not the explosion of the vessel. 
Explosion in the building

https://www.env.go.jp/en/chemi/rhm/basic-info/1st/glossary.html#confinement-function
https://www.env.go.jp/en/chemi/rhm/basic-info/1st/glossary.html#reactor-building
https://www.env.go.jp/en/chemi/rhm/basic-info/1st/glossary.html#reactor-building
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http://www.imart.co.jp/fukushima-genpatu-houshasen-osen-
zenkoku-map.html

https://www.pref.fukushima.lg.jp/site/portal/list271-840.html



soil sampling



The soil survey's gamma-ray radiation measurements were conducted in 
July and August, 2011, on soil samples collected in June and July, 2011, 
with the cooperation of many scientists in Japan.  
 
Osaka university and the Japan Atomic Energy Agency (JAEA) played a key 
of role in the collection of the soil samples. 409 scientists from 94 academic 
research institutions, and 3 private enterprises participated.  
 
The university of Tokyo and Japan Chemical Analysis Center greatly 
contributed to gamma-ray measurements of the soil radioactivities.  
340 scientists from 21 institutions collaborated for the gamma-ray 
measurements. 





Restricted area 
(Areas where Returning is Difficult)

The area more than 50mSv/year



https://www.jstage.jst.go.jp/article/radioisotopes/62/10/62_724/_pdf





Education



hi osoph   ack round

・ h  mod rn soci t  has man  pro ms that ar  difficu t to so   approachin
th m on  from a sin  acad mic fi d

・W  hop  that stud nts i  arn a a anc d kno d  r ard ss of th ir fi d of
stud  in ord r to und rstand th  issu s and ain th  a i it  to ad soci t

・W  ha  d si n d a arnin  pro ram c nt r d on radiation to addr ss th
comp  issu  of ukushima r construction

・ thou h th  su ct of this arnin  pro ram is nuc ar po r and ukushima
r construction   i  that th  fundam nta  id as and approach s to so utions
can  app i d to an  pro m

ducat  th m to d op pro m so in  ski s

OSAKA UNIVERSITY



Science 15

Engineering / Agriculture 23

Literature 4

Economics 4

Law and Politics 5

Human Science 8

Medicine / Dentistry 5

Foreign Studies 11

Education 2

Tourism 4

Major of students (2021)

The students has wide variety 
of background. It causes 
multidisciplinary view point on 
the discussion.

Most of them are the 1st year 
in Osaka University. 
Some of students come from 
other University. 

We don’t require any 
knowledge to the participants.



Sampling



Sampling



Preparation for measurements



Sample processing



Measurements





137Cs 
661 keV

40K 
1460keV

134Cs 
795 keV



ocal Social E en (2019)



n ro c ion o isc ssion
held by Students only 

・ no le ge ase  on e perience gaine  ro g  ac i i ies  no  s  no le ge
gaine  rom classroom lec res alone  isc ssions ase  on o  pes o
no le ge

・ e no le ge gaine  o a  is p  o se o a

・S en s rom i eren  ac gro n s come oge er o learn ne  perspec i es an
a s o  in ing

・ e s en s o li e oge er gra all  come o n ers an  eac  o er  an  is
lea s o e o  o  eing a le o s ep p a  e same ime an  o impro e eac
o er

・ ro g  repea e  isc ssions i  e same peers  s en s ill e a le o con rol
o  o con c  isc ssions  in  lan ing poin s  ass mp ions  an  so on

OSAKA UNIVERSITY



S en  isc ssion



Study at Osaka University  

Contact us at:　info.groningen@overseas.osaka-u.ac.jp

For Prospective  
International Students 
2021



 DATEIntroduction to Osaka University WHERE

Degree Programs in English

54

Graduate Schools Degree Course/Program

Science
Master/ Doctor Special Integrated Science Course
Master/ Doctor International Physics Course

Engineering Science Master/ Doctor Special Program of “Engineering Science 21st Century”
Information Science and 
Technology Master/ Doctor Informational Technology Special Course in English

Engineering

Master/ Doctor Biotechnology Global Human Resource Development Program for 
Industry-University Co-Creation

Master/ Doctor Chemical Science Course

Master/ Doctor International Priority Graduate Program on Applied and Engineering 
Physics

Master/ Doctor International Program of Mechanical Engineering
Master/ Doctor International Program of Materials and Manufacturing Science

Master/ Doctor Global Science and Engineering Course on Electrical, Electronic and 
Infocommunications Engineering

Master/ Doctor International Program of Sustainable Energy and Environmental 
Engineering

Master/ Doctor International Program of Maritime and Urban Engineering

Undergraduate programs
Schools Degree Course/Program

Human Sciences Bachelor Human Sciences International Undergraduate Degree Program

Science Bachelor International Undergraduate Program in Science

Graduate programs
*Initial years: English/Japanese mix    Final years: primarily in Japanese



Introduction to Osaka University WHERE

Exchange Programs

55

Improve Japanese language skills, enhance knowledge of 
Japanese culture and society

Duration: 12 months (Sept. – Aug.)

Maple

The Osaka University Short-term Student Exchange Program 
has been designed for 3rd/4th year students to take special 
academic lectures in English as a Special Auditor

Duration: 5 to 12 months

OUSSEP

Immersion Exchange Program Osaka allows students fluent in 
Japanese to freely choose classes and conduct research under 
the guidance of a professor

Duration: 3 to 12 months

iExPO

Places students in laboratories of the following schools: Science, 
Engineering Science, Engineering, Information Science and 
Technology

Duration: 3 to 12 months

FrontierLab





Students / International activity
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