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The case: Chernobyl accident  
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Accident at Chernobyl NPP 

·April 26, 1986 reactor No.4 of the Soviet 
Unionõs Chernobyl NPP had exploded and 
destroyed both reactor itself and reactor 
building 

·Fires were extinguished soon after explosion 

·Radiation release lasted for about 10 days 

·Total release amounted in more than    12,000 
PBq and contained several dozens of 
radionuclides 

·Hundreds of thousands of individual were 
exposed as residents of contaminated areas and 
emergency workers 
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Affected populations: some 

numbers 
·2 persons died in course of the accident 

·28 died within four months after the accident due to 
radiation injures (doses up to 16 Gy) 

·134 had Acute Radiation Syndrome (dose >0.8 Gy) 

·600 workers exposed within the first day 

·115,000 evacuated in 1986 

·Some 440,000 worked in 1986-1987 

·600,000 official liquidators in 1986-1990 (about 300,000 ð 
Ukrainians)  

·6,400,000 residents of contaminated (above 37kBq m-2 by 
137Cs) areas in Ukraine, Belarus and Russia 
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Radioactive mix in the release 

·Noble (inert) gases ð 85Kr, 133Xe 

·Volatile elements ð 129mTe, 132Te, 131I, 133I, 
134Cs, 136Cs, 137Cs  

·Elements with intermediate volatility - 
89Sr, 90Sr, 103Ru, 106Ru, 140Ba   

·Refractory elements (including fuel 

particles) - 95Zr, 99Mo, 141Ce, 144Ce, 239Np, 
238Pu, 239Pu, 240Pu, 241Pu, 242Pu, 242Cm  
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Dosimetric features of different 

phases of a reactor accident 
· Initial phase ð continuing release and rapidly changing 

radiation conditions, great uncertainty about dose rate 
and concentration levels, lack of measurements => lack of 
information about individual and collective doses 

·Early (acute) phase ð most significant pathways are 
external exposure and intake of radioactive iodine by 
ingestion and inhalation, thyroid doses depend on time 
course of intake and stable iodine administration 

· Intermediate (stabilization) phase ð external exposure by 
short-lived radionuclides, ingestion via root intake  

·Late (recovery) phase ð chronic internal and external 
exposure due to long-lived radionuclides (137Cs, 90Sr, 
241Am) 
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Decline of dose rate after reactor 

mix release 
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Spatial variation of contamination: 
137Cs deposition 

EURADOS Winter School, 11.02.2016 
UNSCEAR, 2011 
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General rule 

Time 
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The cohort: Chernobyl clean -up 

workers  

EURADOS Winter School, 11.02.2016 
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Chernobyl clean-up workers 

(liquidators): 

·Total number (Ukraine):  
¶> 300,000  

¶ca. 200,000 included into the State Registry of Ukraine (SRU) 

·Demographical structure: 
¶Age at time of clean-up ð 20-40 years 

¶Healthy at time of exposure 

¶Predominantly (95%) - male 

·Dose level ð moderate 

·Mode of exposure ð protracted (several hours to 

several years) 

·Epidemiological relevance - high 
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Total number of liquidators 
(UNSCEAR, 2000) 

Country 

and period 

Number of 

clean-up workers 

Percentage for whom 

dose is known 

Belarus 

       1986-1987 

       1986-1989 

 

31 000 

63 000 

 

28 

14 

  

Russian Federation 

       1986 

       1987 

       1988 

       1989 

       1986-1989 

 

69 000 

53 000 

20 500 

6 000 

148 000 

 

51 

71 

83 

73 

63 

  

Ukraine 

       1986 

       1987 

       1988 

       1989 

       1986-1989 

 

98 000 

43 000 

18 000 

11 000 

170 000 

 

41 

72 

79 

86 

56 
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Liquidators are extremely 

heterogeneous cohort: 
·Duration of work ð from hours to years. 

·Locations of work ð ruins of the reactor 4 to 
remote places at the border of the 30-km 
zone 

·Tasks ð from manual removal of reactor debris 
to support activities (cooks, secretaries etc). 

·Doses ð from a fraction of mSv to lethal. 

·Radiation safety and dosimetric monitoring ð 
from perfect organization to complete 
absence 

EURADOS Winter School, 11.02.2016 



EURADOS Winter School, 11.02.2016 14 

Dosimetry at the time  

of clean-up 
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Periods of dosimetry of clean-up workers 

Period  Time interval  Characteristics  

Pre-accidental 1978-

26.04.1986 

Normal operation of ChNPP, radiation 

safety in compliance with NRB-76 

Initial 26.04-

ca.10.05.1986 

Failure of routine dosimetry service,  

use of wartime approaches for troops 

Interim Ca.10.05-

01.06.1986 

Development of unity in radiation 

safety, establishing dosimetric facilities 

Main June-October 

1986 

Operation of three dosimetry 

services (ChNPP, AC-605, military) 

using different approaches 

Routine Since 

November 

1986 

Gradual return to normality, reduction 

of dose limits (1987-1988) 
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Causes of dosimetric monitoring 

failure at initial phase of the accident 

·The accident had caught radiation safety 

structures by surprise 

·Dose and contamination levels far exceeded the 

ranges of available instrumentation and 

techniques 

·The scale of the accident and number of engaged 

emergency workers was above the capacity of 

existing dosimetry services 
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Dosimetry services in Chernobyl 
Service Responsibility 

domain  

Period of 

operation  

 

Quality of 

results  

ChNPP ×ChNPP personnel 

×Temporary assigned 

to ChNPP 

×Sent on mission to 

the 30-km zone 

May 1986-

present 

reasonable 

AC-605 Personnel of AC-605 

(civil and military) 

June 1986 ð 

1987 

high 

Military Troops April 1986 - 

1990 

low 

PA òCombinató 

and successors 

Workers in the  

30-km zone 

November 1986 

- present 

reasonable 
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Radiation safety legislation 

Dose limits:  

· Initial phase: 250 mSv (NRB-76) for emergency workers, 

500 (250) mSv for troops 

·Since 21.05.1986 ð 250 mSv for all liquidators 

·Since February 1987 ð differential: 50, 100 and 250 mSv 

·Since February 1988 ð 50 mSv 

Harmonization of dosimetry:  

·Dosimetric monitoring of civilians was regulated by the 

Statute of 31.05.1986 ð full coordination and 

harmonization never achieved 

·Military had stand-alone regulation and dosimetry  
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Dosimetry methods 

·Individual monitoring (TLD, RFL, film) 

·ògroup-dosimetryó ð one dosimeter per 

group of workers 

·ògroup-estimationó ð one pre-calculated 

dose to a whole group of workers 
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Main problems and gaps in 

dosimetry of liquidators 
Main gaps in data:  

·Doses of all early liquidators (26 April ð end of May 1986) 

·Lost data on doses of ChNPP staff for the period May-June 
1986 

· Insufficient coverage by dosimetric monitoring by ChNPP 

·Doses of Sent on Mission  

Main problems:  

· Inaccurate data for military 

· Incomplete (fragmented) monitoring data (ChNPP, PA 
òCombinató) 

·Limited access to dosimetric data retained in Russia 

·Lack of data on beta exposure  
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Lessons of dosimetric support of 

clean-up activities 
Positive experience:  

·Successful radiation safety program for multi-thousand 

contingents 

·Efficient dosimetric monitoring program at AC-605 

Negative experience:  

·Lack of preparedness for operation under conditions of 

large scale radiation emergency 

·Lack of harmonization and coordination between 

dosimetry services 

·Deficiencies in instrumentation and methods 

· Insufficient attention to retention of dosimetric 

information 


