
Chernobyl Accident 1986—A Case of Boiling Water Reactor1 

(Updated April 2020) 

• The Chernobyl accident in 1986 was the result of a flawed reactor design that 
was operated with inadequately trained personnel. 

• The resulting steam explosion and fires released at least 5% of the 
radioactive reactor core into the environment, with the deposition of 
radioactive materials in many parts of Europe. 

• Two Chernobyl plant workers died due to the explosion on the night of the 
accident, and a further 28 people died within a few weeks as a result of acute 
radiation syndrome. 

• The United Nations Scientific Committee on the Effects of Atomic Radiation 
has concluded that, apart from some 6500 thyroid cancers (resulting in 15 
fatalities), "there is no evidence of a major public health impact attributable 
to radiation exposure 20 years after the accident." 

• Some 350,000 people were evacuated as a result of the accident, but 
resettlement of areas from which people were relocated is ongoing.  

The April 1986 disaster at the Chernobyl nuclear power plant in Ukraine was the product 
of a flawed Soviet reactor design coupled with serious mistakes made by the plant 
operatorsb. It was a direct consequence of Cold War isolation and the resulting lack of 
any safety culture. 

 

  

The accident destroyed the Chernobyl 4 reactor, killing 30 operators and firemen within 
three months and several further deaths later. One person was killed immediately and a 
second died in hospital soon after because of injuries received. Another person is 
reported to have died at the time from a coronary thrombosis. Acute radiation syndrome 
(ARS) was originally diagnosed in 237 people onsite and involved with the clean-up and 
it was later confirmed in 134 cases. Of these, 28 people died because of ARS within a 

 

1 World Nuclear Organization (https://www.world-nuclear.org/information-library/safety-and-

security/safety-of-plants/chernobyl-accident.aspx) 
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few weeks of the accident. Nineteen more workers subsequently died between 1987 and 
2004, but their deaths cannot necessarily be attributed to radiation exposured. Nobody 
offsite suffered from acute radiation effects although a significant, but uncertain, fraction 
of the thyroid cancers diagnosed since the accident in patients who were children at the 
time are likely to be due to intake of radioactive iodine falloutm,9. Furthermore, large areas 
of Belarus, Ukraine, Russia, and beyond were contaminated in varying degrees.  

The Chernobyl disaster was a unique event and the only accident in the history of 
commercial nuclear power where radiation-related fatalities occurrede. The design of the 
reactor is unique and in that respect the accident is thus of little relevance to the rest of 
the nuclear industry outside the then Eastern Bloc. However, it led to major changes in 
safety culture and in industry cooperation, particularly between East and West before the 
end of the Soviet Union. Former President Gorbachev said that the Chernobyl accident 
was a more important factor in the fall of the Soviet Union than Perestroika – his program 
of liberal reform. 

The Chernobyl site and plant 

The Chernobyl Power Complex, lying about 130 km north of Kiev, Ukraine, and about 20 
km south of the border with Belarus, consisted of four nuclear reactors of the RBMK-1000 
design. Units 1 and 2 were constructed between 1970 and 1977, while units 3 and 4 of 
the same design were completed in 1983. Two more RBMK reactors were under 
construction at the site at the time of the accident. To the southeast of the plant, an 
artificial lake of some 22 square kilometers, situated beside the river Pripyat, a tributary 
of the Dniepr, was constructed to provide cooling water for the reactors. 

This area of Ukraine is described as Belarussian-type woodland with a low population 
density. About 3 km away from the reactor, in the new city, Pripyat, there were 49,000 
inhabitants. The old town of Chornobyl, which had a population of 12,500, is about 15 km 
to the southeast of the complex. Within a 30 km radius of the power plant, the total 
population was between 115,000 and 135,000 at the time of the accident. 

 
Source: OECD NEA 

Chernobyl RBMK 1000 Reactor (Boiling Water Reactor) 
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The RBMK-1000 is a Soviet-designed and built graphite moderated pressure tube type 
reactor, using slightly enriched (2% U-235) uranium dioxide fuel. It is a boiling light water 
reactor, with two loops feeding steam directly to the turbines, without an intervening heat 
exchanger. Water pumped to the bottom of the fuel channels boils as it progresses up the 
pressure tubes, producing steam which feeds two 500 MWe turbines. The water acts as 
a coolant and also provides the steam used to drive the turbines. The vertical pressure 
tubes contain the zirconium alloy clad uranium dioxide fuel around which the cooling 
water flows. The extensions of the fuel channels penetrate the lower plate and the cover 
plate of the core and are welded to each. A specially designed refueling machine allows 
fuel bundles to be changed without shutting down the reactor. 

The moderator, the function of which is to slow down neutrons to make them more 
efficient in producing fission in the fuel, is graphite, surrounding the pressure tubes. A 
mixture of nitrogen and helium is circulated between the graphite blocks to prevent 
oxidation of the graphite and to improve the transmission of the heat produced by neutron 
interactions in the graphite to the fuel channel. The core itself is about 7 m high and about 
12 m in diameter. In each of the two loops, there are four main coolant circulating pumps, 
one of which is always on standby. The reactivity or power of the reactor is controlled by 
raising or lowering 211 control rods, which, when lowered into the moderator, absorb 
neutrons and reduce the fission rate. The power output of this reactor is 3200 MW 
thermal, or 1000 MWe. Various safety systems, such as an emergency core cooling 
system, were incorporated into the reactor design. 

One of the most important characteristics of the RBMK reactor is that it can possess a 
'positive void coefficient', where an increase in steam bubbles ('voids') is accompanied by 
an increase in core reactivity. As steam production in the fuel channels increases, the 
neutrons that would have been absorbed by the denser water now produce increased 
fission in the fuel. There are other components that contribute to the overall power 
coefficient of reactivity, but the void coefficient is the dominant one in RBMK reactors. 
The void coefficient depends on the composition of the core – a new RBMK core will have 
a negative void coefficient. However, at the time of the accident at Chernobyl 4, the 
reactor's fuel burn-up, control rod configuration, and power level led to a positive void 
coefficient large enough to overwhelm all other influences on the power coefficient. 

The 1986 Chernobyl accident 

On 25 April, prior to a routine shutdown, the reactor crew at Chernobyl 4 began preparing 
for a test to determine how long turbines would spin and supply power to the main 
circulating pumps following a loss of main electrical power supply. This test had been 
carried out at Chernobyl the previous year, but the power from the turbine ran down too 
rapidly, so new voltage regulator designs were to be tested. 

A series of operator actions, including the disabling of automatic shutdown mechanisms, 
preceded the attempted test early on 26 April. By the time that the operator moved to shut 
down the reactor, the reactor was in an extremely unstable condition. A peculiarity of the 
design of the control rods caused a dramatic power surge as they were inserted into the 
reactor. 



The interaction of very hot fuel with the cooling water led to fuel fragmentation along with 
rapid steam production and an increase in pressure. The design characteristics of the 
reactor were such that substantial damage to even three or four fuel assemblies would – 
and did – result in the destruction of the reactor. The overpressure caused the 1000 t 
cover plate of the reactor to become partially detached, rupturing the fuel channels and 
jamming all the control rods, which by that time were only halfway down. Intense steam 
generation then spread throughout the whole core (fed by water dumped into the core 
due to the rupture of the emergency cooling circuit) causing a steam explosion and 
releasing fission products to the atmosphere. About two to three seconds later, a second 
explosion threw out fragments from the fuel channels and hot graphite. There is some 
dispute among experts about the character of this second explosion, but it is likely to have 
been caused by the production of hydrogen from zirconium-steam reactions. 

Two workers died as a result of these explosions. The graphite (about a quarter of the 
1200 tonnes of it was estimated to have been ejected) and fuel became incandescent 
and started a number of firesf, causing the main release of radioactivity into the 
environment. A total of about 14 EBq (14 x 1018 Bq) of radioactivity was released, over 
half of it being from biologically inert noble gases.2* 

About 200-300 tonnes of water per hour was injected into the intact half of the reactor 
using the auxiliary feedwater pumps but this was stopped after half a day owing to the 
danger of it flowing into and flooding units 1 and 2. From the second to tenth day after the 
accident, some 5000 tonnes of boron, dolomite, sand, clay, and lead were dropped on to 
the burning core by helicopter in an effort to extinguish the blaze and limit the release of 
radioactive particles. 

 

The damaged Chernobyl unit 4 reactor building 

 
2 * The figure of 5.2 EBq is also quoted, this being "iodine-131 equivalent" - 1.8 EBq iodine and 85 PBq 

Cs-137 multiplied by 40 due its longevity, and ignoring the 6.5 EBq xenon-33 and some minor or short-
lived nuclides. 
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The 1991 report by the State Committee on the Supervision of Safety in Industry and 
Nuclear Power on the root cause of the accident looked past the operator actions. It said 
that while it was certainly true the operators placed their reactor in a dangerously unstable 
condition (in fact in a condition which virtually guaranteed an accident) it was also true 
that in doing so they had not in fact violated a number of vital operating policies and 
principles, since no such policies and principles had been articulated. Additionally, the 
operating organisation had not been made aware either of the specific vital safety 
significance of maintaining a minimum operating reactivity margin, or the general 
reactivity characteristics of the RBMK which made low power operation extremely 
hazardous. 

Immediate impact of the Chernobyl accident 

The accident caused the largest uncontrolled radioactive release into the environment 
ever recorded for any civilian operation, and large quantities of radioactive substances 
were released into the air for about 10 days. This caused serious social and economic 
disruption for large populations in Belarus, Russia, and Ukraine. Two radionuclides, the 
short-lived iodine-131 and the long-lived caesium-137, were particularly significant for the 
radiation dose they delivered to members of the public. 

It is estimated that all of the xenon gas, about half of the iodine and caesium, and at least 
5% of the remaining radioactive material in the Chernobyl 4 reactor core (which had 192 
tonnes of fuel) was released in the accident. Most of the released material was deposited 
close by as dust and debris, but the lighter material was carried by wind over Ukraine, 
Belarus, Russia, and to some extent over Scandinavia and Europe. 

The casualties included firefighters who attended the initial fires on the roof of the turbine 
building. All these were put out in a few hours, but radiation doses on the first day caused 
28 deaths – six of which were firemen – by the end of July 1986. The doses received by 
the firefighters and power plant workers were high enough to result in acute radiation 
syndrome (ARS), which occurs if a person is exposed to more than 700 milligrays (mGy) 
within a short time frame (usually minutes). Common ARS symptoms include 
gastrointestinal problems (e.g. nausea, vomiting), headaches, burns and fever. Whole 
body doses between 4000 mGy and 5000 mGv within a short time frame would kill 50% 
of those exposed, with 8000-10,000 mGy universally fatal. The doses received by the 
firefighters who died were estimated to range up to 20,000 mGy. 

The next task was cleaning up the radioactivity at the site so that the remaining three 
reactors could be restarted, and the damaged reactor shielded more permanently. About 
200,000 people ('liquidators') from all over the Soviet Union were involved in the recovery 
and clean-up during 1986 and 1987. They received high doses of radiation, averaging 
around 100 millisieverts (mSv). Some 20,000 liquidators received about 250 mSv, with a 
few receiving approximately 500 mSv. Later, the number of liquidators swelled to over 
600,000, but most of these received only low radiation doses. The highest doses were 
received by about 1000 emergency workers and onsite personnel during the first day of 
the accident. 



According to the most up-to-date estimate provided by the United Nations Scientific 
Committee on the Effects of Atomic Radiation (UNSCEAR), the average radiation dose 
due to the accident received by inhabitants of 'strict radiation control' areas (population 
216,000) in the years 1986 to 2005 was 31 mSv (over the 20-year period), and in the 
'contaminated' areas (population 6.4 million) it averaged 9 mSv, a minor increase over 
the dose due to background radiation over the same period (about 50 mSv)4. 

Initial radiation exposure in contaminated areas was due to short-lived iodine-131; later 
caesium-137 was the main hazard. (Both are fission products dispersed from the reactor 
core, with half lives of 8 days and 30 years, respectively. 1.8 EBq of I-131 and 0.085 EBq 
of Cs-137 were released.) About five million people lived in areas of Belarus, Russia and 
Ukraine contaminated (above 37 kBq/m2 Cs-137 in soil) and about 400,000 lived in more 
contaminated areas of strict control by authorities (above 555 kBq/m2 Cs-137). A total of 
29,400 km2 was contaminated above 180 kBq/m2. 

The plant operators' town of Pripyat was evacuated on 27 April (45,000 residents). By 14 
May, some 116,000 people that had been living within a 30-kilometre radius had been 
evacuated and later relocated. About 1000 of these returned unofficially to live within the 
contaminated zone. Most of those evacuated received radiation doses of less than 50 
mSv, although a few received 100 mSv or more. 

In the years following the accident, a further 220,000 people were resettled into less 
contaminated areas, and the initial 30 km radius exclusion zone (2800 km2) was modified 
and extended to cover 4300 square kilometres. This resettlement was due to application 
of a criterion of 350 mSv projected lifetime radiation dose, though in fact radiation in most 
of the affected area (apart from half a square kilometer close to the reactor) fell rapidly so 
that average doses were less than 50% above normal background of 2.5 mSv/yr.  

Long-term health effects of the Chernobyl accident 

Several organisations have reported on the impacts of the Chernobyl accident, but all 
have had problems assessing the significance of their observations because of the lack 
of reliable public health information before 1986. 

In 1989, the World Health Organization (WHO) first raised concerns that local medical 
scientists had incorrectly attributed various biological and health effects to radiation 
exposureg. Following this, the Government of the USSR requested the International 
Atomic Energy Agency (IAEA) to coordinate an international experts' assessment of 
accident's radiological, environmental and health consequences in selected towns of the 
most heavily contaminated areas in Belarus, Russia, and Ukraine. Between March 1990 
and June 1991, a total of 50 field missions were conducted by 200 experts from 25 
countries (including the USSR), seven organizations, and 11 laboratories3. In the absence 
of pre-1986 data, it compared a control population with those exposed to radiation. 
Significant health disorders were evident in both control and exposed groups, but, at that 
stage, none was radiation related. 
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