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The Chornobyl disaster

26 April 1986, 1:23AM: RBMK type  Reactor No 
4 of the Chernobyl Nuclear Power Station 
explodes

Steam explosion and reactor meltdown destroys 
the reactor building, releasing large quantities of 
radioactive material into the environment 

Largest uncontrolled release of radionuclides 
into the environment (14 EBq) over the next 10 
days

Overall response efforts required 500’000 
people, 68 G-USD2019
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▪ All of the Xenon gas

▪ Half of the Iodine and Caesium

▪ 5% of the reactor fuel

▪ Most material settled in the immediate 
surroundings

▪ Aerosol forming isotopes (Cs, Ru, Te, Sr) 
and gases (Xe, I) got swept across 
Ukraine, Belarus, Russia and to some 
extent Europe

What was released?
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Relative impact on 
radiation levels by isotope

6

▪ Noble gases and 
aerosols contribute 
most

▪ Short term impact 
mostly driven by Iodine 
(→iodine pills)

▪ Long term impact 
driven by Cs134 and 
Cs137

▪ Main sources of 
radiation dose to 
humans: External 
gamma/beta, internal 
beta



Reactor building after 
the accident
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Clip from HBO series 
Chernobyl S
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▪ Realistic display of the firemen deployment, uncertainty of danger 

▪ Unrealistic depiction of radiation burns (in the show it develops in 
seconds/minutes, it actually takes days or even weeks)

▪ Grigorii Khmel, driver of one of the fire engines: “We didn't know much 
about radiation. Even those who worked there had no idea. There was no 
water left in the trucks. Then those boys who died went up to the roof—
Vashchik, Kolya and others, and Volodya Pravik ... They went up the 
ladder ... and I never saw them again.”

▪ Anatoli Zakharov, fireman: "I remember joking to the others, 'There must be 
an incredible amount of radiation here. We'll be lucky if we're all still alive in 
the morning.’

▪ “Of course we knew! If we'd followed regulations, we would never have 
gone near the reactor. But it was a moral obligation—our duty. We were 
like kamikaze!”

Fact check on the clip
9



Immediate situation

Reactor building is on fire, Chernobyl power 
plant firemen get deployed at 1:30AM to attempt 
to extinguish the flames

Reactor materials are scattered on the ground 
(firemen reported touching ‘hot’ graphite)

Fires extinguished by 5AM, 250 firemen 
deployed in total

5 of the firemen died of acute radiation sickness 
by July 1986 
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Radiological situation
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▪ Radioactive materials on 
the ground: U, activated 
C, Zr

▪ Radioactive gases and 
steam in the air

▪ Worst areas immediately 
next to the reactor up to 
180 Gy/hr or 50mGy/s 
(LD50 dose of 5 Gy within 
minutes)

▪ Dosimetry was difficult: 
Power plant personnel 
had detectors that could 
only measure up to 3.6 
Roentgen/hr (roughly 
36mSv/hr)!
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Clip from HBO series 
Chernobyl



▪ 134 patients diagnosed in total with 
acute radiation syndrome 

▪ 28 died within for four months, 
mostly due to bone marrow failure

▪ Dominant source of exposure:        
β irradiation of the skin due to 
contamination of clothes

▪ Neutron irradiation insignificant

▪ Internal contamination minor 
importance

13Doses to power plant 
personnel and first 
responders

Firefighter clothes in the Pripyat basement

Firefighter treated at Moscow ‘Hospital 6’
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▪ Evacuation of Prypyat and 
surrounding villages

▪ Creation of ‘exclusion 
zone’ of 30 km radius

▪ Extinction of burning 
graphite in the remaining 
core (took 10 days, mostly 
via helicopter)

▪ Removal of reactor debris 
on surrounding buildings 
to reduce radiation levels 
(Reactors 1-3 were intact 
and operating!) to enable 
‘sarcophagus’ construction

Containment efforts
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Radioactive plume spread 
until 9th of May 1986 S
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▪ Debris on roofs needed to be cleaned up

▪ Robots often failed due to high dose rate

▪ Civil and military personnel called to the 
effort called ‘liquidators’

▪ Construction of sarcophagus completed by 
November 1986

Liquidation efforts
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18Clip from HBO series Chernobyl
‘90 seconds’



Doses to liquidators
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Monument to Those 
Who Saved the World
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“Of course we knew! If we'd 
followed regulations, we would 

never have gone near the reactor. 
But it was a moral obligation—our 

duty. We were like kamikaze!”



Doses to general 
population
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▪ Ivanov et al. 2001: 66,000 liquidators 
from Russia. No increase in overall 
mortality from cancer or non-cancer.

▪ Rahu et al. 2006: 10,000 liquidators 
from Latvia and Estonia. No 
significant increase in overall cancer 
rate. Statistically significant 
increases in thyroid and brain 
cancer, authors believe it is due to 
better screening, not causal to dose.

Long term impact on health:
Liquidators
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Long term impact on health due to radiation
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Long term impact on health due to radiation
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Wider impact
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Situation today
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▪ Cleanup efforts have reduced 
contamination levels to close to 
background

▪ Radiation levels are close to 
background levels, few ‘hot 
spots’ remain

▪ Reactor internals remain highly 
radioactive, dismantling inside 
the New Safe Containment 
planned to take 100 years

Doses in the exclusion 
zone today
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Photographer: 100 mSv/hr

S. Koshelev: 500 mSv/hr

Core lid: 1 Sv/hr
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Fuel rods: 4.5 Sv/hr at 1m distance

Radiation induced grain in 
the image



Video by 
Alexandr Kupnyi
(@chernobyl86 
on youtube)
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34ЧАЭС. Заходим внутрь Саркофага 2006
“Chernobyl Nuclear Power Plant. We go inside the Sarcophagus”



Effects of the disaster not 
discussed in this lecture
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https://www.who.int/news/item/05-09-2005-chernobyl-the-
true-scale-of-the-accident
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Fair Use Disclaimer
This presentation includes copyrighted materials, which are used for educational purposes 

only. These materials are used for criticism, commentary, teaching, scholarship, and research.
No copyright infringement is intended.



Literature
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Great explainer on why the reactor 
exploded:

https://www.youtube.com/watch?v=P3
oKNE72EzU&ab_channel=Higgsinop

hysics

HBO Chernobyl (careful, dramatized 
and sometimes inaccurate)

IRSN

WNA
UN

https://www.unscear.org/unscear/en/areas-of-
work/chernobyl.html

https://www.youtube.com/watch?v=P3oKNE72EzU&ab_channel=Higgsinophysics
https://www.youtube.com/watch?v=P3oKNE72EzU&ab_channel=Higgsinophysics
https://www.youtube.com/watch?v=P3oKNE72EzU&ab_channel=Higgsinophysics
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