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Fukushima I  
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• 55 nuclear reactors of different type 

operated in Japan 

• Fukushima I – 6 units (1971-79) - BWR 

460, 784, 1100 MW  - boiled water 

reactors, without integral containment 

• 1. - 3. units operating, 4. – 6. units – 

temporary shutdown, unit 5 -  since 3.1. 

2011,  

     unit 6 – since 14.8.2010 

• Earthquake, tsunami – automatic 

shutdown of units 1- 3 

• Loss of external power supply (black-

out)   

• Reactors sustained the earthquake, 

diesel-generators, pumps, batteries – 

flooded and damaged by tsunami 

• damaged/destroyed other systems – 

monitoring, cooling…   
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• Heat removal failure – increase 

in temperature and pressure – 

reactor vessel decompression 

using wet well (RN material 

captured in water) 

• Ballooning and bursting of 

claddings (local damage), 

temperature rise up to 2700°C 

• Zirconium reaction with water 

steam - H generation and core 

heat up and melt progression 

• Re-flood phase of reactors and 

spent fuel pools (helicopters, 

water cannons, car pumps) 

using seawater 
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• Realese of fission products into the 

wet well 

• Hydrogen, Xenon and remaining 

aerosols enter the dry well – safety 

containment (H, Xe, I, Cs, …) 

• Containment depressurization – the 

gas mixture realesed onto the service 

floor – hydrogen explosion (1. - 3. 

units)  

• Unit 2 – condensation chamber 

damaged  - uncontrolled release into 

the environment -  I-131, Cs-134, 137 

(soil samples analyses – La-140, Ag-

110m, Nb-95, Te-129, 132m) 

• Dry-out of spent fuel pools – fuel 

melting on fresh air – practically no 

fission products retention (unit 4)   



Accident evolution 
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• 8:30 (UTC) 11.3. 20011 IAEA published information about the 

earthquake (8.9 magnitude) in the vicinity of east coast of Honshu island; 

Japanese Ministry of  Economy, Trade and Industry (METI) has been 

asked by the IAEA to provide details related to the NPP 

• During the day IAEA announced the nuclear accident at the NPP 

Fukushima I (FI) - 05:46 (UTC)  – loss of power supply  

• IAEA was informed by WMO about prevailing wind direction (east 

direction from affected area 

• 7 h after the accident outbreak preventive evacuation was announced 

within the radius of 3 km from NPP FI; taking shelters within the radius 

of  10 km – evacuation zone was progressively extended up to 20 km; 

taking shelters up to 30 km 

• IAEA issued information on the daily basis „Status of the Fukushima I 

NPP and related environmental conditions“  
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Aerosol monitoring in the Czech Republic 



Results of aerosol measurement – comparison of long 

term monitoring with Fukushima measurement campaign 
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Nuclear accident further evolution 
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• Emergency cooling of reactor units 1 - 3 and spent fuel pools – 

seawater at the early stage followed by normal water afterwards 

• Nitrogen forcing into the safety containment to eliminate hydrogen 

ignition 

• Disposal of contaminated water leakage into the sea (fissure in the 

condensation chamber od the unit 2 – identified and fixed) 

• cleaning/“showering“  in the area of outer envelope of reactor 

buildings 

• Repair/reconstruction of electricity supply, controlling and cooling 

systems 

• Controlled contaminated water discharch 

• „Road map towards Restoration from Accident at FI NPP“ 

(TEPCO) – 3 stages “ till 3 month, 3 – 6 month, till 3 years“ 

Robotic measurement – 

gamma cameras – dose rate 5 

– 10 Sv/h 



Radiation monitoring 
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Monitoring program:  

 External and internal radiation exposure of critical population – existing 

situation and trends 

 Radiation protection measures planning and implementation – radiation doses 

reduction 

 Set up of evacuation and resettlement zones 

 Long term evaluation of heath risk 

 Evaluation of radionuclides transport processes in the environment 

Individual responsibilities: 

 State institutes and private subjects involved – ministries, municipalities, NPP 

operator, schools, public institutes  

Structure of monitoring: 

 NPP Fukushima – facilities, workplaces and the vicinity 

 Radiation survey – ground based, airborne – environmental sampling (air, 

airborne particles, soils, water (sea, rivers, other water bodies) 

 indicators (selected plants) 

 Special location and equipment 

     



Special radiation monitoring 
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 NPP Fukushima and the vicinity – dose rate measurement (airborne monitoring – area 

coverage up to 80 km from NPP), integral doses – trends/maps – Fukushima prefecture - 

59 municipalities equipped with meter, total 350 meters operated, neighboring 

prefectures - 130 „meters“ – radiation survey maps and trends – MEXT, TEPCO  

 Evacuation zone/zone of potential relocation – dose rate measurement (250 monitoring 

points) – resident units, industrial facilities, infrastructure; „superficial“ dose rate  – 

kindergartens, schools, medical facilities, gardens, parks – basis for soil sampling 

(2x2km2 grid), specific activities assessment – selected locations – rivers, lakes, wells, 

underground water (up to 100 km from NPP), channels, grazing land, agricultural land, 

fall out (high resolution gamma spectrometry) 

 Sea – volume activity assessment (up to 30 km, high seas ocean water up to 280 km), 

sediments, seafood; coast line – Fukushima, Miyagi, Ibaraki (30 - 90 km along the coast) 

– Fisheries Agency, Japan Coast Guard 

 Special localities – airports, seaports, touristic areas, natural reservations, water cleaning 

facility, dump sites, sewage water pools, waste disposal facilities (incineration plant, 

waste repository) – frequency, range – monitoring results 
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Source term estimation 

• Estimation of radioactivity released from the NPP FI into the environment 

issued by NISA and NSC on 12th of April – 1.3E+17Bq for I-131 a 6.1E+15Bq 

for Cs-137; IAEA issued assumed source term on 14th of June 

• NISA – radiological impact prediction using the computation program SPEEDI  

for individual releases into the atmosphere based on meteorological data and 

information on time distribution of releases 

• Japanese government report highlighted the north-west area from the NPP as 

the high level contaminated area (radioactivity release related to the 

condensation chamber damage on 15th of March accompanied by wet wash out 

by rain) 

• IRSN analysed and projected annual integral doses and surface contamination 

(airborne,  in-situ measurement) - gamma dose rate and surface activity 

concentration (Cs-134 and Cs-137) association -  as = 300 kBq/m2 → dose rate 1 

mikroSv/h → measured activity as  up to 30 MBq/m2 → annual dose (external 

exposure) up to 500mSv/y  

• Reliable source term assessment, radiological impacts and retrospective dose 

estimate will be subject of further analyses 

 

 

Radionucli

de 

Radioactivity release 

[Bq]*) 

 

NPP 

Chernobyl 

 

Fukushima 

I 

Xe-133 6,5E+18 1,1E+19 

I-131 1,8E+18 1,6E+17 

Cs-134 5,4E+16 1,8E+16 

Cs-137 8,5E+16 1,5E+16 

Te-132 1,2E+18 7,6E+14 

Sr-89 1,2E+17 2,0E+15 

Sr-90 1,0E+16 

Ba-140 2,4E+17 3,2E+15 

Zr-95 1,7E+13 

Mo-99 1,7E+17 8,8E+07 

Ru-103 1,7E+17 7,5E+09 

Ru-106 7,3E+16 2,1E+09 

Ce-141 2,0E+17 1,8E+13 

Np239 9,5E+15 7,6E+13 

Pu238 4,0E+13 1,9E+10 

Pu-239 4,0E+13 3,2E+09 

Pu-240 4,0E+13 3,2E+09 

Pu-241 6,0E+15 1,2E+12 

Cm-241 9,0E+14 1,0E+11 
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Radiation protection measures, criteria  

 Internationally accepted criteria for radiation protection measures implementation 

 evacuation, iodine prophylaxis, resettlement  

 IRSN –  estimate of averted collective dose in dependence on evacuation/resettlement 

duration and comparison with Chernobyl data (resettlement of 270 000 people living 

in the area with surface contamination exceeding 555 kBq/m2)  

 Relocation of persons potentially exposed to the annual dose from external radiation 

higher than 20mSv involved less then 27 000 people; 10 times lower than after 

Chernobyl accident -  optimization importance for decision making process in 

remediation measures implementation 

• „Deliberate Evacuation Area – DEA (expected annual dose higher than 20 mSv) and 

Emergency Evacuation Preparation Area (resettlement cannot be excluded) 

• Special attention has been paid to psychological aspects accompanied resettlement of 

affected people based on the Chernobyl experience 

 

Chernobyl: 

• taking shelters, iodine prophylaxis  -  
Pripjať  2nd day (27th of April 1986) 

• evacuation – from 27th to 6th of May 
1986 (Pripjať cca 30 000 persons within 
3 hours, 1200 buses from Kiev and the 
vicinity)  - 30 km zone - 135 000 people 
(‹ 5% of people with effective dose › 100 
mSv) 
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Personal monitoring 

NPP workers and contractors: 

• Intervention level = 250 mSv – external exposure evaluation; internal contamination 

assessment; 

 250 mSv (total dose) 6 persons  

 351 persons – dose exceeding 20 mSv 

  

General population: 

• 1080 children in age of 0 – 15 years have been monitored for the content of I-131 in 

thyroid gland by the 5th of august – all measured values have been lower than criterion 

0,2 µSv/h;  

• 23 women – breast milk monitoring – insignificant values of  I-131 concentration  

• 195 354 persons have been monitored by the 31st of May, hundreds of them have been 

decontaminated – no relevant health effects are assumed 

• prefecture Fukushima official representatives decided in collaboration with NIRS that 

the state of health of more than 2 mil. persons would be checked and examined with 

regard to low dose effects 
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Agriculture and foodstuff monitoring 

 

Nuclide 

The intervention levels  

[Bq/kg] or [Bq/l] 

Foodstuffs for 

children  

Milk 

products 

Other 

foodstuffs  

Liquid 

foodstuffs  

Sr-90 75 125 750 125 

I-131 150 500 2000 500 

Pu-239, Am-241 1 20 80 20 

All other nuclides 

T 1/2  10 d  -  

Cs-134, Cs-137  

 

400 

 

1000 

 

1250 

 

1000 
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Lessons learnt from Fukushima accident   

 Emergency preparedness system:  

 Regional Crisis Staff (flexible and expeditious decision making) 

 Preventive measures –  taking shelters, evacuation included 

 Set up of the entering regime into the zones (transportation means)  

 Resettlement – needs to be optimized – surface contamination – 
trends in integral dose assessment (meteorological conditions) – 3 
MBq/m2 Cs-137 → dose rate ~ 55 mSv/y   

 Food chain – restriction of distribution and consumption effectively 
regulated  

 Decontamination and waste disposal management 

 

 Monitoring: 

 Express and robust methods of measurement – gamma dose rate 
measurement (monitoring area, trends, density of measurement points, 
operator (remote control x simple technique – municipalities, fire 
squads, schools, etc.)  

 Relation of dose rate and surface contamination – mobile emergency 
teams – car-borne system + airborne radiation survey (stand-by  ≤ 1 h – 
military forces, police) 

 Measurement technique – unmanned means, cameras 
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People affected by the Great East Japan Earthquake wrote „ARIGATO“ 

on the shore using pine trees for the US Armed Forces which had 

supported with the restoration of Sendai Airport. 

"ARIGATO" =  „THANK   YOU“ 

13.3. → 13.4. (the first landing) 


