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List of reactor accidents and 
large atmospheric releases



Reactor accidentsand large releases

ÅA-bombs (Japan, 1945)
ÅLarge environmental releases:
ïHanford (USA, 1940s)
ïMayak(USSR, 1950s)

ÅAtmospheric nuclear weapons tests:
ïNevada (USA, 1951-1958)
ïKazakhstan (USSR, 1949-1962)
ïMarshall Islands (USA, 1946-1958)

ÅReactor accidents:
ïWindscale(UK, 1957)
ïThree-Mile Island (USA, 1979)
ïChernobyl (USSR, 1986)
ïFukushima (Japan, 2011)



Atmospheric releases (PBq)

Radio-

nuclide

Half-life Nuclear

weapons tests

(1945-1980)

Chernobyl

accident

(1986)
131I 8 d 675 000 1 760

137Cs 30 y 950 85

90Sr 29 y 600 10

239Pu 24000 y 6.5 0.013



Pathways of exposure to 
radiation



Exposure Pathways



Exposure pathways

4 External irradiation :

- direct from the source (A-bomb)

- during the passage of the cloud;

- from fallout on the ground.

4 Internal irradiation:

- inhalation;

- ingestion.



Pasture-cow-milk pathway (131I)



General scheme of dose 
reconstruction
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Types of dose for research 
purposes

ÅAbsorbed doses in organs and tissues

ÅEpidemiologic studies: doses to 
specific individuals (use of personal 
interviews).

ÅRisk studies: doses to unspecified 
individuals , representative of a group 
(use of generic values).



Experience, advice, and 
recommendations

ÅAll dose reconstructions are different, but, as a rule: 
ïUse as many radiation measurements as possible

ïDo not wait too long to administer personal interviews

ïEvaluate the dosimetryuncertainties in cooperation with 
statisticians

ïSpend a lot of time on quality assurance and quality 
control

ÅThroughout the study, maintain a close collaboration 
with the epidemiologists and the statisticians.



Dosimetrystudies: 
fallout from nuclear 

weapons tests



Major test sites



Summary of atmospheric nuclear weapons tests

Site When? # of tests Energy, Mt

Nevada 1951-58 86 1

Kazakhstan 1949-62 118 7

Marshall Is. 1946-58 66 108

All sites 1945-80 458 439



Internal dose assessments
(nuclear weapons tests)

ÅEssentially based on: 

ïmeasurements of exposure rate or of ground 
deposition density, combined with

ïenvironmental transfer models, and

ïpersonal information (for epidemiologic studies).

ÅVery few measurements of specific 
radionuclides are available.



NEVADA study : estimates of internal and external doses 
in St. George, UT from test HARRY

Organ/tissue Infant dose ( mGy ) Adult dose 

Internal irradiation
Thyroid 840 51
Lower large intestine 25 5.0
Upper large intestine 8.8 2.0
Bone surfaces 7.6 1.3
Total body 1.1 0.5

External irradiation
Total body ~10 ~10



Kazakhstan



Kazakhstan Thyroid Study

ÅEpidemiologic study of thyroid 
nodules near the Semipalatinsk Test 
Site in Kazakhstan (3000 persons).

ÅCalculation of internal and external 
thyroid doses. 



Locations of study villages relative to traces.
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