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Presenta9on	  content	  
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§  Content	  of	  the	  report	  
§  High	  level	  observa9ons	  and	  conclusions	  
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Fukushima	  Daiichi	  Accident	  
IAEA	  Report	  2015	  

§  This	  report	  presents	  an	  assessment	  of	  the	  causes	  and	  consequences	  of	  
the	  accident	  at	  the	  Fukushima	  Daiichi	  nuclear	  power	  plant	  in	  Japan,	  
which	  began	  on	  11	  March	  2011.	  Caused	  by	  a	  huge	  tsunami	  that	  
followed	  a	  massive	  earthquake,	  it	  was	  the	  worst	  accident	  at	  a	  nuclear	  
power	  plant	  since	  the	  Chernobyl	  disaster	  in	  1986.	  	  

§  The	  report	  considers	  human,	  organizaVonal	  and	  technical	  factors,	  and	  
aims	  to	  provide	  an	  understanding	  of	  what	  happened,	  and	  why,	  so	  that	  
the	  necessary	  lessons	  learned	  can	  be	  acted	  upon	  by	  governments,	  
regulators	  and	  nuclear	  power	  plant	  operators	  throughout	  the	  world.	  
Measures	  taken	  in	  response	  to	  the	  accident,	  both	  in	  Japan	  and	  
internaVonally,	  are	  also	  examined.	  	  
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Background	  
On	  11	  March	  2011	  The	  Great	  East	  Japan	  Earthquake	  occurred	  	  

§  A	  secVon	  of	  the	  Earth’s	  crust,	  esVmated	  to	  be	  about	  500	  km	  in	  length	  
and	  200	  km	  wide,	  was	  ruptured,	  causing	  a	  massive	  earthquake	  (the	  main	  
shock,	  with	  a	  magnitude	  of	  9.0	  [12],	  lasted	  for	  more	  than	  two	  minutes,	  with	  several	  
significant	  pulses	  and	  aTershocks)	  with	  a	  magnitude	  of	  9.0	  and	  a	  tsunami	  
which	  struck	  a	  wide	  area	  of	  coastal	  Japan,	  including	  the	  north-‐eastern	  
coast,	  where	  several	  waves	  reached	  heights	  of	  more	  than	  ten	  metres.	  
•  The	  earthquake	  and	  tsunami	  caused	  great	  loss	  of	  life	  and	  
widespread	  devastaVon	  in	  Japan.	  	  
ü More	  than	  15	  000	  people	  killed,	  over	  6000	  injured	  and,	  around	  2500	  people	  
are	  sVll	  reported	  to	  be	  missing.	  

ü Considerable	  damage	  to	  buildings	  and	  infrastructure,	  along	  Japan’s	  north-‐
eastern	  coast.	  	  
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Background	  (2/6)	  !
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Background	  (2/6)	  

§  At	  the	  Fukushima	  Daiichi	  nuclear	  power	  plant,	  the	  earthquake	  caused	  
damage	  to	  the	  electric	  power	  supply	  lines	  to	  the	  site,	  and	  the	  tsunami	  
caused	  substanVal	  destrucVon	  of	  the	  operaVonal	  and	  safety	  
infrastructure	  on	  the	  site.	  	  
•  loss	  of	  off-‐site	  and	  on-‐site	  electrical	  power,	  
•  Consequently	  loss	  of	  the	  cooling	  at	  the	  three	  operaVng	  reactors	  as	  well	  as	  at	  the	  spent	  fuel	  pools.	  	  
•  The	  four	  other	  nuclear	  power	  plants	  along	  the	  coast	  were	  also	  affected	  to	  different	  degrees	  by	  the	  

earthquake	  and	  tsunami,	  but	  all	  operaVng	  reactor	  units	  at	  these	  plants	  were	  safely	  shut	  down.	  	  

§  The	  reactor	  cores	  in	  Units	  1–3	  at	  the	  Fukushima	  Daiichi	  plant	  
overheated,	  the	  nuclear	  fuel	  melted	  and	  the	  three	  containment	  
vessels	  were	  breached.	  	  

§  Hydrogen	  was	  released	  from	  the	  reactor	  pressure	  vessels,	  leading	  to	  
explosions	  inside	  the	  reactor	  buildings	  in	  Units	  1,	  3	  and	  4	  that	  
damaged	  structures	  and	  equipment	  and	  injured	  personnel.	  	  
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Background	  (3/6)	  

§  Radionuclides	  were	  released	  from	  the	  plant	  direct	  to	  the	  sea	  and	  to	  
the	  atmosphere	  and	  were	  deposited	  on	  land	  and	  on	  the	  ocean.	  	  

§  People	  within	  a	  radius	  of	  20	  km	  of	  the	  site	  were	  evacuated,	  and	  those	  
within	  a	  radius	  of	  20–30	  km	  were	  instructed	  to	  shelter	  before	  later	  
being	  advised	  to	  voluntarily	  evacuate.	  	  

§  RestricVons	  were	  placed	  on	  the	  distribuVon	  and	  consumpVon	  of	  food	  
and	  the	  consumpVon	  of	  drinking	  water.	  	  

§  Following	  stabilizaVon	  of	  the	  condiVons	  of	  the	  reactors	  at	  the	  
Fukushima	  Daiichi	  NPP,	  work	  to	  prepare	  for	  their	  eventual	  
decommissioning	  began.	  	  

§  Efforts	  towards	  the	  recovery	  of	  the	  areas	  affected	  by	  the	  accident,	  
including	  remediaVon	  and	  the	  revitalizaVon	  of	  communiVes	  and	  
infrastructure,	  began	  in	  2011.	  	  
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Background	  (4/6)	  

§  The	  IAEA	  undertook	  cooperaVve	  acVviVes	  in	  Fukushima	  through	  a	  
memorandum	  of	  cooperaVon	  between	  the	  IAEA	  and	  Fukushima	  
Prefecture	  to	  provide	  basis	  for	  cooperaVon	  on	  radiaVon	  monitoring	  
and	  remediaVon,	  human	  health,	  and	  emergency	  preparedness	  and	  
response.	  	  

§  The	  IAEA	  organized	  an	  InternaVonal	  Ministerial	  Conference	  on	  Nuclear	  
Safety	  in	  June	  2011,	  which	  resulted	  in	  a	  Ministerial	  DeclaraVon	  on	  
Nuclear	  Safety.	  
•  Outlined	  were	  measures	  to	  further	  improve	  nuclear	  safety,	  emergency	  preparedness	  and	  

radiaVon	  protecVon	  of	  people	  and	  the	  environment	  worldwide.	  
•  	  IAEA	  Member	  States	  expressed	  the	  firm	  commitment	  	  to	  ensure	  that	  these	  measures	  

were	  taken.	  
•  The	  Ministerial	  DeclaraVon	  also	  requested	  the	  Director	  General	  to	  prepare	  a	  drac	  IAEA	  

AcVon	  Plan	  on	  Nuclear	  Safety	  to	  strengthen	  the	  global	  nuclear	  safety	  framework,	  which	  
was	  unanimously	  endorsed	  by	  the	  55th	  IAEA	  General	  Conference	  in	  2011.	  
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Background	  (5/6)	  

§  The	  AcVon	  Plan	  consists	  of	  12	  main	  acVons	  related	  to:	  	  
ü  safety	  assessments;	  
ü  	  IAEA	  peer	  reviews;	  
ü  	  emergency	  preparedness	  and	  response;	  	  
ü  naVonal	  regulatory	  bodies;	  	  
ü  operaVng	  organizaVons;	  	  
ü  IAEA	  safety	  standards;	  	  
ü  the	  internaVonal	  legal	  framework;	  	  
ü Member	  States	  planning	  to	  embark	  on	  a	  nuclear	  power	  programme;	  	  
ü  capacity	  building;	  	  
ü  the	  protecVon	  of	  people	  and	  the	  environment	  from	  ionizing	  radiaVon;	  
ü  communicaVon	  and	  informaVon	  disseminaVon;	  and	  	  
ü  research	  and	  development.	  	  
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Background	  (6/6)	  

§  At	  the	  IAEA	  General	  Conference	  in	  September	  2012,	  the	  Director	  
General	  announced	  that	  the	  IAEA	  would	  prepare	  a	  report	  on	  the	  
Fukushima	  Daiichi	  accident.	  

§  The	  report	  on	  the	  Fukushima	  Daiichi	  accident	  is	  the	  result	  of	  an	  
extensive	  internaVonal	  collaboraVve	  effort	  involving	  five	  working	  
groups	  with	  about	  180	  experts	  from	  42	  Member	  States	  and	  several	  
internaVonal	  bodies.	  

§  An	  InternaVonal	  Technical	  Advisory	  Group	  provided	  advice	  on	  
technical	  and	  scienVfic	  issues.	  	  

§  A	  Core	  Group,	  comprising	  IAEA	  senior	  level	  management,	  was	  
established	  to	  give	  direcVon	  and	  to	  facilitate	  the	  coordinaVon	  and	  
review	  of	  the	  report.	  AddiVonal	  internal	  and	  external	  review	  
mechanisms	  were	  also	  insVtuted.	  	  

§  	  	  
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2015	  IAEA	  Report:	  The	  Fukushima	  Daiichi	  Accident	  	  
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TECHNICAL	  VOLUME	  1:	  DESCRIPTION	  AND	  CONTEXT	  
OF	  THE	  ACCIDENT	  	  
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1.1.	   	  SUMMARY	  OF	  THE	  ACCIDENT	  	  
1.2.	   	  CONTEXT	  WITHIN	  WHICH	  THE	  ACCIDENT	  

OCCURRED	  	  
1.3.	   	  ONSET	  AND	  PROGRESSION	  OF	  THE	  ACCIDENT	  
1.4.	   	  RADIONUCLIDE	  INVENTORY	  AND	  RELEASES	  	  
1.5.	   	  ACTIONS	  BY	  ORGANIZATIONS	  OTHER	  THAN	  

TEPCO	  	  
1.6.	   	  ACTIONS	  TAKEN	  IN	  THE	  AFTERMATH	  OF	  THE	  

ACCIDENT	  	  
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TECHNICAL	  VOLUME	  2:	  SAFETY	  ASSESSMENT	  	  

2.1. 	  ASSESSMENT	  OF	  THE	  PLANT	  IN	  RELATION	  TO	  
EXTERNAL	  EVENTS	  	  

2.2.	   	  ASSESSMENT	  OF	  THE	  FAILURE	  TO	  MAINTAIN	  
FUNDAMENTAL	  SAFETY	  FUNCTIONS	  	  

2.3.	   	  ASSESSMENT	  OF	  THE	  TREATMENT	  OF	  BEYOND	  
DESIGN	  BASIS	  EVENTS	  	  

2.4.	   	  ACCIDENT	  MANAGEMENT	  PROVISIONS	  AND	  THEIR	  
IMPLEMENTATION	  	  

2.5.	   	  ASSESSMENT	  OF	  THE	  EFFECTIVENESS	  OF	  
REGULATORY	  PROGRAMMES	  

2.6.	   	  HUMAN	  AND	  ORGANIZATIONAL	  FACTORS	  
2.7.	   	  APPLICATION	  OF	  OPERATING	  EXPERIENCE	  TO	  

IMPROVE	  PLANT	  DESIGN	  AND	  OPERATION	  	  
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TECHNICAL	  VOLUME	  3:	  EMERGENCY	  PREPAREDNESS	  AND	  
RESPONSE	  	  
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3.1.	  INITIAL	  RESPONSE	  IN	  JAPAN	  TO	  THE	  ACCIDENT	  
3.2.	  PROTECTING	  EMERGENCY	  WORKERS	  
3.3.	  PROTECTING	  THE	  PUBLIC	  	  
3.4.	  	  TRANSITION	  FROM	  THE	  EMERGENCY	  PHASE	  TO	  THE	  
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TECHNICAL	  VOLUME	  4:	  RADIOLOGICAL	  
CONSEQUENCES	  	  

!"#$%&#'(()#*+,--.#/-0,1-.0+%-.2#3,-01,
'4((#*+,--.)#56701+.

!1+-0,8#+-#56701+.
/9$:#;<=>;?>(>'(<('@>;#A7,0B

!"#$%&'&(")*+$,+))-")$.--)/#01

!"#$%&#'()*+(,-
")./0))!"#$%&%'$("&)*%+,-./-+(-,

!"#$%&#'()*+(,-")./0)
!"#$%&%'$("&)*%+,-./-+(-,

1

01-)2/3/,1$4
")5

"$$(1$)6(($#-+7

4.1.  RADIOACTIVITY IN THE ENVIRONMENT 
4.2.  RADIATION EXPOSURE 
4.3.  RADIATION PROTECTION 
4.4.  HEALTH CONSEQUENCES 
4.5.  CONSEQUENCES FOR NON-HUMAN BIOTA 
APPENDIX I:  MAPS OF LEVELS OF RADIOACTIVITY AND 

RADIONUCLIDES IN THE ENVIRONMENT 
APPENDIX II: STATISTICAL ANALYSIS OF INDIVIDUAL DOSE 

DATA  
 
  
 
  
  
  
  
 
	  



International Atomic Energy Agency 16 S.M. Modro, October 2015 

TECHNICAL	  VOLUME	  5:	  POST-‐ACCIDENT	  RECOVERY	  	  
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NUCLEAR	  SAFETY	  CONSIDERATIONS	  	  
Vulnerability	  of	  the	  plant	  to	  external	  events	  	  

§  Worldwide	  opera,ng	  experience	  has	  shown	  instances	  where	  natural	  hazards	  have	  exceeded	  
the	  design	  basis	  for	  a	  nuclear	  power	  plant.	  In	  par,cular,	  the	  experience	  from	  some	  of	  these	  
events	  demonstrated	  the	  vulnerability	  of	  safety	  systems	  to	  flooding.	  	  

§  The	  assessment	  of	  natural	  hazards	  needs	  to	  be	  sufficiently	  
conserva9ve.	  The	  considera9on	  of	  mainly	  historical	  data	  in	  the	  
establishment	  of	  the	  design	  basis	  of	  nuclear	  power	  plants	  is	  not	  
sufficient	  to	  characterize	  the	  risks	  of	  extreme	  natural	  hazards.	  Even	  
when	  comprehensive	  data	  are	  available,	  due	  to	  the	  rela9vely	  short	  
observa9on	  periods,	  large	  uncertain9es	  remain	  in	  the	  predic9on	  of	  
natural	  hazards.	  	  

§  The	  safety	  of	  nuclear	  power	  plants	  needs	  to	  be	  re-‐evaluated	  on	  a	  
periodic	  basis	  to	  consider	  advances	  in	  knowledge,	  and	  necessary	  
correc9ve	  ac9ons	  or	  compensatory	  measures	  need	  to	  be	  
implemented	  promptly.	  	  
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NUCLEAR	  SAFETY	  CONSIDERATIONS	  	  
Vulnerability	  of	  the	  plant	  to	  external	  events	  (CONT’D)	  

§  The	  assessment	  of	  natural	  hazards	  needs	  to	  consider	  the	  poten9al	  
for	  their	  occurrence	  in	  combina9on,	  either	  simultaneously	  or	  
sequen9ally,	  and	  their	  combined	  effects	  on	  a	  nuclear	  power	  plant.	  
The	  assessment	  of	  natural	  hazards	  also	  needs	  to	  consider	  their	  
effects	  on	  mul9ple	  units	  at	  a	  nuclear	  power	  plant.	  	  

§  Opera9ng	  experience	  programmes	  need	  to	  include	  experience	  from	  
both	  na9onal	  and	  interna9onal	  sources.	  Safety	  improvements	  
iden9fied	  through	  opera9ng	  experience	  programmes	  need	  to	  be	  
implemented	  promptly.	  The	  use	  of	  opera9ng	  experience	  needs	  to	  be	  
evaluated	  periodically	  and	  independently.	  	  
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NUCLEAR	  SAFETY	  CONSIDERATIONS	  	  
Applica9on	  of	  the	  defence	  in	  depth	  concept	  	  

§  The	  failure	  to	  provide	  sufficient	  means	  of	  protec,on	  at	  each	  level	  of	  defence	  in	  depth	  
resulted	  in	  severe	  reactor	  damage	  in	  Units	  1,	  2	  and	  3	  and	  in	  significant	  radioac,ve	  releases	  
from	  these	  units.	  	  

§  The	  defence	  in	  depth	  concept	  remains	  valid,	  but	  implementa9on	  of	  
the	  concept	  needs	  to	  be	  strengthened	  at	  all	  levels	  by	  adequate	  
independence,	  redundancy,	  diversity	  and	  protec9on	  against	  internal	  
and	  external	  hazards.	  There	  is	  a	  need	  to	  focus	  not	  only	  on	  accident	  
preven9on,	  but	  also	  on	  improving	  mi9ga9on	  measures.	  	  

§  Instrumenta9on	  and	  control	  systems	  that	  are	  necessary	  during	  
beyond	  design	  basis	  accidents	  need	  to	  remain	  operable	  in	  order	  to	  
monitor	  essen9al	  plant	  safety	  parameters	  and	  to	  facilitate	  plant	  
opera9ons.	  	  
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NUCLEAR	  SAFETY	  CONSIDERATIONS	  	  
Assessment	  of	  the	  failure	  to	  fulfil	  fundamental	  safety	  

func9ons	  	  
§  The	  confinement	  func,on	  was	  lost	  as	  a	  result	  of	  the	  loss	  of	  AC	  and	  DC	  power,	  which	  

rendered	  the	  cooling	  systems	  unavailable	  and	  made	  it	  difficult	  for	  the	  operators	  to	  use	  the	  
containment	  ven,ng	  system.	  	  

§  Robust	  and	  reliable	  cooling	  systems	  that	  can	  func9on	  for	  both	  design	  
basis	  and	  beyond	  design	  basis	  condi9ons	  need	  to	  be	  provided	  for	  the	  
removal	  of	  residual	  heat.	  	  

§  There	  is	  a	  need	  to	  ensure	  a	  reliable	  confinement	  func9on	  for	  beyond	  
design	  basis	  accidents	  to	  prevent	  significant	  release	  of	  radioac9ve	  
material	  to	  the	  environment.	  	  
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NUCLEAR	  SAFETY	  CONSIDERATIONS	  	  
Assessment	  of	  beyond	  design	  basis	  accidents	  and	  

accident	  management	  	  
§  Safety	  analyses	  conducted	  during	  the	  licensing	  process	  of	  the	  Fukushima	  Daiichi	  nuclear	  

power	  plant,	  and	  during	  its	  opera,on,	  did	  not	  fully	  address	  the	  possibility	  of	  a	  complex	  
sequence	  of	  events	  that	  could	  lead	  to	  severe	  reactor	  core	  damage.	  	  

§  	  Comprehensive	  probabilisVc	  and	  determinisVc	  safety	  analyses	  need	  to	  
be	  performed	  to	  confirm	  the	  capability	  of	  a	  plant	  to	  withstand	  
applicable	  beyond	  design	  basis	  accidents	  and	  to	  provide	  a	  high	  degree	  
of	  confidence	  in	  the	  robustness	  of	  the	  plant	  design.	  	  

§  Accident	  management	  provisions	  need	  to	  be	  comprehensive,	  well	  
designed	  and	  up	  to	  date.	  They	  need	  to	  be	  derived	  on	  the	  basis	  of	  a	  
comprehensive	  set	  of	  iniVaVng	  events	  and	  plant	  condiVons	  and	  also	  
need	  to	  provide	  for	  accidents	  that	  affect	  several	  units	  at	  a	  mulV-‐unit	  
plant.	  	  
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NUCLEAR	  SAFETY	  CONSIDERATIONS	  	  
Assessment	  of	  beyond	  design	  basis	  accidents	  and	  

accident	  management	  	  (cont’d)	  
§  Training,	  exercises	  and	  drills	  need	  to	  include	  postulated	  severe	  

accident	  condi9ons	  to	  ensure	  that	  operators	  are	  as	  well	  prepared	  as	  
possible.	  They	  need	  to	  include	  the	  simulated	  use	  of	  actual	  equipment	  
that	  would	  be	  deployed	  in	  the	  management	  of	  a	  severe	  accident.	  	  
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NUCLEAR	  SAFETY	  CONSIDERATIONS	  	  
Assessment	  of	  regulatory	  effec9veness	  	  

§  The	  regula,on	  of	  nuclear	  safety	  in	  Japan	  at	  the	  ,me	  of	  the	  accident	  was	  performed	  by	  a	  
number	  of	  organiza,ons	  with	  different	  roles	  and	  responsibili,es	  and	  complex	  inter-‐
rela,onships.	  It	  was	  not	  fully	  clear	  which	  organiza,ons	  had	  the	  responsibility	  and	  authority	  
to	  issue	  binding	  instruc,ons	  on	  how	  to	  respond	  to	  safety	  issues	  without	  delay.	  

§  In	  order	  to	  ensure	  effec9ve	  regulatory	  oversight	  of	  the	  safety	  of	  
nuclear	  installa9ons,	  it	  is	  essen9al	  that	  the	  regulatory	  body	  is	  
independent	  and	  possesses	  legal	  authority,	  technical	  competence	  
and	  a	  strong	  safety	  culture.	  	  
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NUCLEAR	  SAFETY	  CONSIDERATIONS	  	  
Assessment	  of	  human	  and	  organiza9onal	  factors	  	  

§  Before	  the	  accident,	  there	  was	  a	  basic	  assump,on	  in	  Japan	  that	  the	  design	  of	  nuclear	  power	  
plants	  and	  the	  safety	  measures	  that	  had	  been	  put	  in	  place	  were	  sufficiently	  robust	  to	  
withstand	  external	  events	  of	  low	  probability	  and	  high	  consequences.	  	  

§  The	  accident	  at	  the	  Fukushima	  Daiichi	  nuclear	  power	  plant	  showed	  that,	  in	  order	  to	  beQer	  
iden,fy	  plant	  vulnerabili,es,	  it	  is	  necessary	  to	  take	  an	  integrated	  approach	  that	  takes	  
account	  of	  the	  complex	  interac,ons	  between	  people,	  organiza,ons	  and	  technology.	  	  

§  In	  order	  to	  promote	  and	  strengthen	  safety	  culture,	  individuals	  and	  
organiza9ons	  need	  to	  con9nuously	  challenge	  or	  re-‐examine	  the	  
prevailing	  assump9ons	  about	  nuclear	  safety	  and	  the	  implica9ons	  of	  
decisions	  and	  ac9ons	  that	  could	  affect	  nuclear	  safety.	  	  

§  A	  systemic	  approach	  to	  safety	  needs	  to	  consider	  the	  interac9ons	  
between	  human,	  organiza9onal	  and	  technical	  factors.	  This	  approach	  
needs	  to	  be	  taken	  through	  the	  en9re	  life	  cycle	  of	  nuclear	  
installa9ons.	  	  
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EMERGENCY	  PREPAREDNESS	  AND	  RESPONSE	  	  
Ini9al	  response	  in	  Japan	  to	  the	  accident	  	  

§  At	  the	  ,me	  of	  the	  accident,	  separate	  arrangements	  were	  in	  place	  to	  respond	  to	  nuclear	  
emergencies	  and	  natural	  disasters	  at	  the	  na,onal	  and	  local	  levels.	  There	  were	  no	  
coordinated	  arrangements	  for	  responding	  to	  a	  nuclear	  emergency	  and	  a	  natural	  disaster	  
occurring	  simultaneously.	  	  

§  In	  preparing	  for	  the	  response	  to	  a	  possible	  nuclear	  emergency,	  it	  is	  
necessary	  to	  consider	  emergencies	  that	  could	  involve	  severe	  damage	  
to	  nuclear	  fuel	  in	  the	  reactor	  core	  or	  to	  spent	  fuel	  on	  the	  site,	  
including	  those	  involving	  several	  units	  at	  a	  mul9-‐unit	  plant	  possibly	  
occurring	  at	  the	  same	  9me	  as	  a	  natural	  disaster.	  	  

§  The	  emergency	  management	  system	  for	  response	  to	  a	  nuclear	  
emergency	  needs	  to	  include	  clearly	  defined	  roles	  and	  responsibili9es	  
for	  the	  opera9ng	  organiza9on	  and	  for	  local	  and	  na9onal	  authori9es.	  
The	  system,	  including	  the	  interac9ons	  between	  the	  opera9ng	  
organiza9on	  and	  the	  authori9es,	  needs	  to	  be	  regularly	  tested	  in	  
exercises.	  	  
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EMERGENCY	  PREPAREDNESS	  AND	  RESPONSE	  	  
Protec9ng	  emergency	  workers	  	  

§  At	  the	  ,me	  of	  the	  accident,	  the	  na,onal	  legisla,on	  and	  guidance	  in	  Japan	  addressed	  
measures	  to	  be	  taken	  for	  the	  protec,on	  of	  emergency	  workers,	  but	  only	  in	  general	  terms	  
and	  not	  in	  sufficient	  detail.	  	  

§  Implementa,on	  of	  the	  arrangements	  for	  ensuring	  the	  protec,on	  of	  workers	  against	  
radia,on	  exposure	  was	  severely	  affected	  by	  the	  extreme	  condi,ons	  at	  the	  site.	  In	  order	  to	  
maintain	  an	  acceptable	  level	  of	  protec,on	  for	  on-‐site	  emergency	  workers,	  a	  range	  of	  
impromptu	  measures	  was	  implemented.	  	  

§  Emergency	  workers	  need	  to	  be	  designated,	  assigned	  clearly	  specified	  
du9es,	  regardless	  of	  which	  organiza9on	  they	  work	  for,	  be	  given	  
adequate	  training	  and	  be	  properly	  protected	  during	  an	  emergency.	  
Arrangements	  need	  to	  be	  in	  place	  to	  integrate	  into	  the	  response	  
those	  emergency	  workers	  who	  had	  not	  been	  designated	  prior	  to	  the	  
emergency,	  and	  helpers	  who	  volunteer	  to	  assist	  in	  the	  emergency	  
response.	  	  
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EMERGENCY	  PREPAREDNESS	  AND	  RESPONSE	  	  
Protec9ng	  the	  public	  	  

§  Na,onal	  emergency	  arrangements	  at	  the	  ,me	  of	  the	  accident	  envisaged	  that	  decisions	  on	  
protec,ve	  ac,ons	  would	  be	  based	  on	  es,mates	  of	  the	  projected	  dose	  to	  the	  public	  that	  
would	  be	  calculated	  when	  a	  decision	  was	  necessary,	  using	  a	  dose	  projec,on	  model	  (SPEEDI).	  	  

§  However,	  in	  response	  to	  the	  accident,	  the	  ini,al	  decisions	  on	  protec,ve	  ac,ons	  were	  made	  
on	  the	  basis	  of	  plant	  condi,ons.	  Es,mates	  of	  the	  source	  term	  could	  not	  be	  provided	  as	  an	  
input	  to	  SPEEDI	  owing	  to	  the	  loss	  of	  on-‐site	  power.	  	  

§  	  Arrangements	  need	  to	  be	  in	  place	  to	  allow	  decisions	  to	  be	  made	  on	  
the	  implementa9on	  of	  predetermined,	  urgent	  protec9ve	  ac9ons	  for	  
the	  public,	  based	  on	  predefined	  plant	  condi9ons.	  	  

§  Arrangements	  need	  to	  be	  in	  place	  to	  enable	  urgent	  protec9ve	  ac9ons	  
to	  be	  extended	  or	  modified	  in	  response	  to	  developing	  plant	  
condi9ons	  or	  monitoring	  results.	  Arrangements	  are	  also	  needed	  to	  
enable	  early	  protec9ve	  ac9ons	  to	  be	  ini9ated	  on	  the	  basis	  of	  
monitoring	  results.	  	  
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EMERGENCY	  PREPAREDNESS	  AND	  RESPONSE	  	  
Protec9ng	  the	  public	  (cont’d)	  

§  Arrangements	  need	  to	  be	  in	  place	  to	  ensure	  that	  protec9ve	  ac9ons	  
and	  other	  response	  ac9ons	  in	  a	  nuclear	  emergency	  do	  more	  good	  
than	  harm.	  A	  comprehensive	  approach	  to	  decision	  making	  needs	  to	  
be	  in	  place	  to	  ensure	  that	  this	  balance	  is	  achieved.	  	  

§  Arrangements	  need	  to	  be	  in	  place	  to	  assist	  decision	  makers,	  the	  
public	  and	  others	  (e.g.	  medical	  staff)	  to	  gain	  an	  understanding	  of	  
radiological	  health	  hazards	  in	  a	  nuclear	  emergency	  in	  order	  to	  make	  
informed	  decisions	  on	  protec9ve	  ac9ons.	  Arrangements	  also	  need	  to	  
be	  in	  place	  to	  address	  public	  concerns	  locally,	  na9onally	  and	  
interna9onally.	  	  
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EMERGENCY	  PREPAREDNESS	  AND	  RESPONSE	  	  
Transi9on	  from	  the	  emergency	  phase	  to	  the	  recovery	  

phase	  and	  analysis	  of	  the	  response	  	  
§  Specific	  policies,	  guidelines,	  criteria	  and	  arrangements	  for	  the	  transi,on	  from	  the	  emergency	  

phase	  to	  the	  recovery	  phase	  were	  not	  developed	  un,l	  aYer	  the	  Fukushima	  Daiichi	  accident.	  	  

§  	  Arrangements	  need	  to	  be	  developed	  at	  the	  preparedness	  stage	  for	  
termina9on	  of	  protec9ve	  ac9ons	  and	  other	  response	  ac9ons,	  and	  for	  
transi9on	  to	  the	  recovery	  phase.	  	  

§  Timely	  analysis	  of	  an	  emergency	  and	  the	  response	  to	  it,	  drawing	  
lessons	  and	  iden9fying	  possible	  improvements,	  enhances	  emergency	  
arrangements.	  	  
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EMERGENCY	  PREPAREDNESS	  AND	  RESPONSE	  	  
Response	  within	  the	  interna9onal	  framework	  for	  

emergency	  preparedness	  and	  response	  	  
§  An	  extensive	  interna,onal	  framework	  for	  emergency	  preparedness	  and	  response	  was	  in	  

place	  at	  the	  ,me	  of	  the	  accident,	  comprising	  interna,onal	  legal	  instruments,	  IAEA	  safety	  
standards	  and	  opera,onal	  arrangements.	  	  

§  The	  implementa9on	  of	  interna9onal	  arrangements	  for	  no9fica9on	  
and	  assistance	  needs	  to	  be	  strengthened.	  	  

§  There	  is	  a	  need	  to	  improve	  consulta9on	  and	  sharing	  of	  informa9on	  
among	  States	  on	  protec9ve	  ac9ons	  and	  other	  response	  ac9ons.	  	  
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RADIOLOGICAL	  CONSEQUENCES	  	  
Radioac9vity	  in	  the	  environment	  	  

§  The	  accident	  resulted	  in	  the	  release	  of	  radionuclides	  to	  the	  environment.	  Assessments	  of	  the	  
releases	  have	  been	  performed	  by	  many	  organiza,ons	  using	  different	  models.	  Most	  of	  the	  
atmospheric	  releases	  were	  blown	  eastward	  by	  the	  prevailing	  winds,	  deposi,ng	  onto	  and	  
dispersing	  within	  the	  North	  Pacific	  Ocean.	  Uncertain,es	  in	  es,ma,ons	  of	  the	  amount	  and	  
composi,on	  of	  the	  radioac,ve	  substances	  were	  difficult	  to	  resolve	  for	  reasons	  that	  included	  
the	  lack	  of	  monitored	  data	  on	  the	  deposi,on	  of	  the	  atmospheric	  releases	  on	  the	  ocean.	  	  

§  In	  case	  of	  an	  accidental	  release	  of	  radioac9ve	  substances	  to	  the	  
environment,	  the	  prompt	  quan9fica9on	  and	  characteriza9on	  of	  the	  
amount	  and	  composi9on	  of	  the	  release	  is	  needed.	  For	  significant	  
releases,	  a	  comprehensive	  and	  coordinated	  programme	  of	  long	  term	  
environmental	  monitoring	  is	  necessary	  to	  determine	  the	  nature	  and	  
extent	  of	  the	  radiological	  impact	  on	  the	  environment	  at	  the	  local,	  
regional	  and	  global	  levels.	  	  
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RADIOLOGICAL	  CONSEQUENCES	  	  
Protec9ng	  people	  against	  radia9on	  exposure	  	  

§  Following	  the	  accident,	  the	  Japanese	  authori,es	  applied	  conserva,ve	  reference	  levels	  of	  
dose	  included	  in	  the	  recent	  ICRP	  recommenda,ons.	  The	  applica,on	  of	  some	  of	  the	  protec,ve	  
measures	  and	  ac,ons	  proved	  to	  be	  difficult	  for	  the	  implemen,ng	  authori,es	  and	  very	  
demanding	  for	  the	  people	  affected.	  	  

§  There	  were	  some	  differences	  between	  the	  na,onal	  and	  interna,onal	  criteria	  and	  guidance	  
for	  controlling	  drinking	  water,	  food	  and	  non-‐edible	  consumer	  products	  in	  the	  longer	  term	  
aYermath	  of	  the	  accident,	  once	  the	  emergency	  phase	  had	  passed.	  	  

§  Relevant	  interna9onal	  bodies	  need	  to	  develop	  explana9ons	  of	  the	  
principles	  and	  criteria	  for	  radia9on	  protec9on	  that	  are	  
understandable	  for	  non-‐specialists	  in	  order	  to	  make	  their	  applica9on	  
clearer	  for	  decision	  makers	  and	  the	  public.	  As	  some	  protracted	  
protec9on	  measures	  were	  disrup9ve	  for	  the	  affected	  people,	  a	  bejer	  
communica9on	  strategy	  is	  needed	  to	  convey	  the	  jus9fica9on	  for	  
such	  measures	  and	  ac9ons	  to	  all	  stakeholders,	  including	  the	  public.	  	  
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RADIOLOGICAL	  CONSEQUENCES	  	  
Protec9ng	  people	  against	  radia9on	  exposure	  (Cont’d)	  

§  Conserva9ve	  decisions	  related	  to	  specific	  ac9vity	  and	  ac9vity	  
concentra9ons	  in	  consumer	  products	  and	  deposi9on	  ac9vity	  led	  to	  
extended	  restric9ons	  and	  associated	  difficul9es.	  In	  a	  prolonged	  
exposure	  situa9on,	  consistency	  among	  interna9onal	  standards,	  and	  
between	  interna9onal	  and	  na9onal	  standards,	  is	  beneficial,	  
par9cularly	  those	  associated	  with	  drinking	  water,	  food,	  non-‐edible	  
consumer	  products	  and	  deposi9on	  ac9vity	  on	  land.	  	  
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RADIOLOGICAL	  CONSEQUENCES	  	  
Radia9on	  exposure	  	  

§  In	  the	  short	  term,	  the	  most	  significant	  contributors	  to	  the	  exposure	  of	  the	  public	  were:	  (1)	  
external	  exposure	  from	  radionuclides	  in	  the	  plume	  and	  deposited	  on	  the	  ground;	  and	  (2)	  
internal	  exposure	  of	  the	  thyroid	  gland,	  due	  to	  the	  intake	  of	  iodine-‐131,	  and	  internal	  
exposure	  of	  other	  organs	  and	  9ssues,	  mainly	  due	  to	  the	  intake	  of	  caesium-‐134	  and	  
caesium-‐137.	  In	  the	  long	  term,	  the	  most	  important	  contributor	  to	  the	  exposure	  of	  the	  public	  
will	  be	  external	  radia9on	  from	  the	  deposited	  caesium-‐137.	  	  

§  Personal	  radia9on	  monitoring	  of	  representa9ve	  groups	  of	  members	  
of	  the	  public	  provides	  invaluable	  informa9on	  for	  reliable	  es9mates	  
of	  radia9on	  doses	  and	  needs	  to	  be	  used	  together	  with	  environmental	  
measurements	  and	  appropriate	  dose	  es9ma9on	  models	  for	  assessing	  
public	  dose.	  	  
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RADIOLOGICAL	  CONSEQUENCES	  
Radia9on	  exposure	  	  	  

§  While	  dairy	  products	  were	  not	  the	  main	  pathway	  for	  the	  inges9on	  of	  
radioiodine	  in	  Japan,	  it	  is	  clear	  that	  the	  most	  important	  method	  of	  
limi9ng	  thyroid	  doses,	  especially	  to	  children,	  is	  to	  restrict	  the	  
consump9on	  of	  fresh	  milk	  from	  grazing	  cows.	  	  

§  A	  robust	  system	  is	  necessary	  for	  monitoring	  and	  recording	  
occupa9onal	  radia9on	  doses,	  via	  all	  relevant	  pathways,	  par9cularly	  
those	  due	  to	  internal	  exposure	  that	  may	  be	  incurred	  by	  workers	  
during	  severe	  accident	  management	  ac9vi9es.	  It	  is	  essen9al	  that	  
suitable	  and	  sufficient	  personal	  protec9ve	  equipment	  be	  available	  
for	  limi9ng	  the	  exposure	  of	  workers	  during	  emergency	  response	  
ac9vi9es	  and	  that	  workers	  be	  sufficiently	  trained	  in	  its	  use.	  	  
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RADIOLOGICAL	  CONSEQUENCES	  
Health	  effects	  	  	  

§  No	  early	  radia,on	  induced	  health	  effects	  were	  observed	  among	  workers	  or	  members	  of	  the	  
public	  that	  could	  be	  aQributed	  to	  the	  accident.	  	  

§  Prenatal	  radia,on	  effects	  have	  not	  been	  observed	  and	  are	  not	  expected	  to	  occur,	  given	  that	  
the	  reported	  doses	  are	  well	  below	  the	  threshold	  at	  which	  these	  effects	  may	  take	  place.	  
Unwanted	  termina,ons	  of	  pregnancy	  aQributable	  to	  the	  radiological	  situa,on	  have	  not	  
been	  reported.	  	  

§  Some	  psychological	  condi,ons	  were	  reported	  among	  the	  popula,on	  affected	  by	  the	  nuclear	  
accident.	  Since	  a	  number	  of	  these	  people	  had	  suffered	  the	  combined	  impacts	  of	  a	  major	  
earthquake	  and	  a	  devasta,ng	  tsunami	  as	  well	  as	  the	  accident,	  it	  is	  difficult	  to	  assess	  to	  what	  
extent	  these	  effects	  could	  be	  aQributed	  to	  the	  nuclear	  accident	  alone.	  	  

§  The	  risks	  of	  radia9on	  exposure	  and	  the	  ajribu9on	  of	  health	  effects	  
to	  radia9on	  need	  to	  be	  clearly	  presented	  to	  stakeholders,	  making	  it	  
unambiguous	  that	  any	  increases	  in	  the	  occurrence	  of	  health	  effects	  in	  
popula9ons	  are	  not	  ajributable	  to	  exposure	  to	  radia9on	  if	  levels	  of	  
exposure	  are	  similar	  to	  the	  global	  average	  background	  levels	  of	  
radia9on.	  	  
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RADIOLOGICAL	  CONSEQUENCES	  
Health	  effects	  (cont’d)	  

§  ATer	  a	  nuclear	  accident,	  health	  surveys	  are	  very	  important	  and	  
useful,	  but	  should	  not	  be	  interpreted	  as	  epidemiological	  studies.	  The	  
results	  of	  such	  health	  surveys	  are	  intended	  to	  provide	  informa9on	  to	  
support	  medical	  assistance	  to	  the	  affected	  popula9on.	  	  

§  There	  is	  a	  need	  for	  radiological	  protec9on	  guidance	  to	  address	  the	  
psychological	  consequences	  to	  members	  of	  the	  affected	  popula9ons	  
in	  the	  aTermath	  of	  radiological	  accidents.	  A	  Task	  Group	  of	  the	  ICRP	  
has	  recommended	  that	  “strategies	  for	  mi9ga9ng	  the	  serious	  
psychological	  consequences	  arising	  from	  radiological	  accidents	  be	  
sought”.	  	  

§  Factual	  informa9on	  on	  radia9on	  effects	  needs	  to	  be	  communicated	  
in	  an	  understandable	  and	  9mely	  manner	  to	  individuals	  in	  affected	  
areas	  in	  order	  to	  enhance	  their	  understanding	  of	  protec9on	  
strategies,	  to	  alleviate	  their	  concerns	  and	  support	  their	  own	  
protec9on	  ini9a9ves.	  	  
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RADIOLOGICAL	  CONSEQUENCES	  
Radiological	  consequences	  for	  non-‐human	  biota	  	  

§  No	  observa,ons	  of	  direct	  radia,on	  induced	  effects	  in	  plants	  and	  animals	  have	  been	  
reported,	  although	  limited	  observa,onal	  studies	  were	  conducted	  in	  the	  period	  immediately	  
aYer	  the	  accident.	  	  

§  During	  any	  emergency	  phase,	  the	  focus	  has	  to	  be	  on	  protec9ng	  
people.	  Doses	  to	  the	  biota	  cannot	  be	  controlled	  and	  could	  be	  
poten9ally	  significant	  on	  an	  individual	  basis.	  Knowledge	  of	  the	  
impacts	  of	  radia9on	  exposure	  on	  non-‐human	  biota	  needs	  to	  be	  
strengthened	  by	  improving	  the	  assessment	  methodology	  and	  
understanding	  of	  radia9on	  induced	  effects	  on	  biota	  popula9ons	  and	  
ecosystems.	  Following	  a	  large	  release	  of	  radionuclides	  to	  the	  
environment,	  an	  integrated	  perspec9ve	  needs	  to	  be	  adopted	  to	  
ensure	  sustainability	  of	  agriculture,	  forestry,	  fishery	  and	  tourism,	  and	  
of	  the	  use	  of	  natural	  resources.	  	  



International Atomic Energy Agency 39 S.M. Modro, October 2015 

POST-‐ACCIDENT	  RECOVERY	  	  
Off-‐site	  remedia9on	  of	  areas	  affected	  by	  the	  accident	  	  
§  Prior	  to	  the	  Fukushima	  Daiichi	  accident,	  policies	  and	  strategies	  for	  post-‐accident	  remedia,on	  

were	  not	  in	  place	  in	  Japan,	  and	  it	  became	  necessary	  to	  develop	  them	  in	  the	  period	  aYer	  the	  
accident.	  	  

§  Pre-‐accident	  planning	  for	  post-‐accident	  recovery	  is	  necessary	  to	  
improve	  decision	  making	  under	  pressure	  in	  the	  immediate	  post-‐
accident	  situa9on.	  Na9onal	  strategies	  and	  measures	  for	  post-‐
accident	  recovery	  need	  to	  be	  prepared	  in	  advance	  in	  order	  to	  enable	  
an	  effec9ve	  and	  appropriate	  overall	  recovery	  programme	  to	  be	  put	  in	  
place	  in	  case	  of	  a	  nuclear	  accident.	  These	  strategies	  and	  measures	  
need	  to	  include	  the	  establishment	  of	  a	  legal	  and	  regulatory	  
framework;	  generic	  remedia9on	  strategies	  and	  criteria	  for	  residual	  
radia9on	  doses	  and	  contamina9on	  levels;	  a	  plan	  for	  stabiliza9on	  and	  
decommissioning	  of	  damaged	  nuclear	  facili9es;	  and	  a	  generic	  
strategy	  for	  managing	  large	  quan99es	  of	  contaminated	  material	  and	  
radioac9ve	  waste.	  	  
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POST-‐ACCIDENT	  RECOVERY	  	  
Off-‐site	  remedia9on	  of	  areas	  affected	  by	  the	  accident	  

(cont’d)	  
§  Remedia9on	  strategies	  need	  to	  take	  account	  of	  the	  
effec9veness	  and	  feasibility	  of	  individual	  measures	  and	  the	  
amount	  of	  contaminated	  material	  that	  will	  be	  generated	  in	  
the	  remedia9on	  process.	  	  

§  As	  part	  of	  the	  remedia9on	  strategy,	  the	  implementa9on	  of	  
rigorous	  tes9ng	  and	  controls	  on	  food	  is	  necessary	  to	  
prevent	  or	  minimize	  inges9on	  doses.	  	  

§  Further	  interna9onal	  guidance	  is	  needed	  on	  the	  prac9cal	  
applica9on	  of	  safety	  standards	  for	  radia9on	  protec9on	  in	  
post-‐accident	  recovery	  situa9ons.	  	  
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POST-‐ACCIDENT	  RECOVERY	  	  
On-‐site	  stabiliza9on	  and	  prepara9ons	  for	  

decommissioning	  	  
§  A	  comprehensive,	  high	  level	  strategic	  plan	  for	  stabiliza,on	  and	  decommissioning	  of	  the	  

damaged	  nuclear	  power	  plant	  was	  developed	  jointly	  by	  TEPCO	  and	  the	  relevant	  Japanese	  
Government	  agencies.	  The	  plan	  was	  first	  issued	  in	  December	  2011	  and	  subsequently	  revised	  
to	  reflect	  the	  experience	  gained	  and	  an	  improved	  understanding	  of	  the	  condi,ons	  of	  the	  
damaged	  nuclear	  power	  plant,	  as	  well	  as	  the	  magnitude	  of	  the	  future	  challenges.	  	  

§  Following	  an	  accident,	  a	  strategic	  plan	  for	  maintaining	  long	  term	  
stable	  condi9ons	  and	  for	  the	  decommissioning	  of	  accident	  damaged	  
facili9es	  is	  essen9al	  for	  on-‐site	  recovery.	  The	  plan	  needs	  to	  be	  
flexible	  and	  readily	  adaptable	  to	  changing	  condi9ons	  and	  new	  
informa9on.	  	  

§  Retrieving	  damaged	  fuel	  and	  characterizing	  and	  removing	  fuel	  debris	  
necessitate	  solu9ons	  that	  are	  specific	  to	  the	  accident,	  and	  special	  
methods	  and	  tools	  may	  need	  to	  be	  developed.	  	  
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POST-‐ACCIDENT	  RECOVERY	  	  
Management	  of	  contaminated	  material	  and	  

radioac9ve	  waste	  	  
§  Stabiliza,on	  of	  a	  damaged	  nuclear	  power	  plant	  and	  the	  on-‐site	  decontamina,on	  and	  

remedia,on	  efforts	  in	  the	  surrounding	  areas	  result	  in	  large	  quan,,es	  of	  contaminated	  
material	  and	  radioac,ve	  waste.	  	  

§  Na9onal	  strategies	  and	  measures	  for	  post-‐accident	  recovery	  need	  to	  
include	  the	  development	  of	  a	  generic	  strategy	  for	  managing	  
contaminated	  liquid	  and	  solid	  material	  and	  radioac9ve	  waste,	  
supported	  by	  generic	  safety	  assessments	  for	  discharge,	  storage	  and	  
disposal.	  	  
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POST-‐ACCIDENT	  RECOVERY	  	  
Community	  revitaliza9on	  and	  stakeholder	  

engagement	  	  
§  The	  nuclear	  accident	  and	  radia,on	  protec,on	  measures	  introduced	  in	  both	  the	  emergency	  

and	  post-‐	  accident	  recovery	  phases	  have	  had	  significant	  consequences	  for	  the	  way	  of	  life	  of	  
the	  affected	  popula,on.	  

§  Communica,on	  with	  the	  public	  on	  recovery	  ac,vi,es	  is	  essen,al	  to	  build	  trust.	  	  

§  	  It	  is	  necessary	  to	  recognize	  the	  socioeconomic	  consequences	  of	  any	  
nuclear	  accident	  and	  of	  the	  subsequent	  protec9ve	  ac9ons,	  and	  to	  
develop	  revitaliza9on	  and	  reconstruc9on	  projects	  that	  address	  issues	  
such	  as	  reconstruc9on	  of	  infrastructure,	  community	  revitaliza9on	  
and	  compensa9on.	  	  

§  Support	  by	  stakeholders	  is	  essen9al	  for	  all	  aspects	  of	  post-‐accident	  
recovery.	  In	  par9cular,	  engagement	  of	  the	  affected	  popula9on	  in	  the	  
decision	  making	  processes	  is	  necessary	  for	  the	  success,	  acceptability	  
and	  effec9veness	  of	  the	  recovery	  and	  for	  the	  revitaliza9on	  of	  
communi9es.	  	  
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POST-‐ACCIDENT	  RECOVERY	  	  
Community	  revitaliza9on	  and	  stakeholder	  

engagement	  (cont’d)	  
§  An	  effec9ve	  recovery	  programme	  requires	  the	  trust	  and	  
the	  involvement	  of	  the	  affected	  popula9on.	  Confidence	  in	  
the	  implementa9on	  of	  recovery	  measures	  has	  to	  be	  built	  
through	  processes	  of	  dialogue,	  the	  provision	  of	  consistent,	  
clear	  and	  9mely	  informa9on,	  and	  support	  to	  the	  affected	  
popula9on.	  	  
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…Thank you for your attention 


