
Chapter 9 

Analysis of Past Nuclear Accidents 

Nuclear powered electricity generation has a history of around 55 years up to date 

(First nuclear power plant: Obninsk NPP of USSR - 1954 - Officially in Operation). 

Since then there are considerable amount of NPP accidents happened (23 Accidents -

See Apendix-6) and from those very few number of accidents can be considered as 

severe. In this chapter the most sever nuclear power plant accident in the history is 

analyzed. 

The categorization of nuclear power plant accident (International Nuclear Event Scale 

-INES) is given in Appendix- 6. 

Hiroshima Nagasaki disaster is not considered as an accident. It is an incident 

purposely made during the Second World War by military actions against Japan. 

Chernobyl Accident 

The worst nuclear power plant accident in the world history is the Chemobyl Power 

Plant accident which occurred in April 26, 1986 in Ukraine (part of former USSR). 

This accident is considered as the only Level-7 accident in the INES scale. In this 

accident power excursion, explosion and complete meltdown of the reactor core took 

place. 

The Chemobyl Power Plant consisted of four RBMK-1000 nuclear reactors, each 

capable of producing 1 GW of electric power. Two more reactors, no. 5 and 6, also 

capable of producing 1 GW each, were under construction at the time of the disaster. 

The accident occurred in reactor number 4. 

9.1. Effect to Human [40] 

9.1.1 Deaths 

•!• Two people died during the accident itself; one was killed by the explosion and 

one suffered a heart attack. 

•!• A third person died early the next morning from thermal burns (he was scalded by 

steam.) 
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•!• 23 7 people were initially diagnosed as suffering from acute radiation exposure 

and were hospitalized for treatment. From those 21 died in spite of intensive 

medical attention. 

•!• From 23 7 people suffered from acute radiation sickness, of whom 31 died within 

the first three months. Most of these were fire and rescue workers trying to bring 

the accident under control, who were not fully aware of how dangerous the 

radiation exposure. 

•!• 11 more deaths - possibly caused by radiation - have occurred among the 

population of highly exposed people, bringing the total deat't. to 42. 

•!• However 56 direct deaths were reported due to the accident. 

Importantly none of the highly exposed people were members of the general public; 

all received their exposure because of occupational responsibilities related to the 

nuclear plant or casualty control. 

Figure 9.1 - Chernobyl Site after the Disaster 
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9.1.2. Long Term Radiation Effects 

•!• There have been approximately 500-600 excess cases of thyroid cancer, 

mostly in children, in the areas most affected by the radioactive fallout. 

•!• As of early 1996, three deaths have been associated with this thyroid cancer. 

•!• There have been no excess leukemia, congenital abnormalities, adverse 

pregnancy outcomes or any other radiation induced disease in the general 

population. 

•!• Unconfirmed data: Around 600,000 suffered radiation exposure, which may 

result in as many as 4,000 cancer deaths over the lifetime of those exposed, in 

addition to the approximately 100,000 fatal cancers to be expected due to all 

other causes in this. 

9.1.3. Other Effects 

•!• Increase in stress related illnesses due to fear of radiation and to the severe 

dislocation of people caused by government ordered evacuations. 

•!• As many as 200,000 women decided to abort otherwise healthy unborn babies, 

because of the concern that they might have been damaged in the womb by 

minor radiation exposures. There is no evidence of any birth defects caused by 

the radiation levels experienced by expectant mothers after the accident. 

•!• Evacuation and resettlemem of over 336,000 people. 

9.2. Affected Areas 

•!• The evacum:ion began at 14:00, 27 April. An exclusion zone of 30 km/i 9 mi 

within radious of the plant remains in place today. Exclusion Zone around 

Chernobyl is where officially nobody is allowed to live. but people do. These 

"resettlers" are elderly people who lived in the region prior to the disaster. 

Today there are approximately 10.000 people between the ages of 60 and 90 

living within the Zone around Chemobyl. Younger families are allowed to 

visit. but only for brief periods of time. 

•!• The affected area includes Russia, Belarus and Ukraine, European part of 

Turkey, Greece, Moldova, Romania. Bulgaria, Lithuania, Finland, De1m1ark. 

Norway, Sweden, Austria, Hungary. the Czech Republic and the Slovak 

Republic. Slovenia, Croatia, Poland. Switzerland. Gem1any. Italy, Ireland, 

France, Canada and the United Kingdom (UK). 
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•!• In Sweden, on April 27 workers at the Forsmark Nuclear Power Plant 

(approximately 1100 km from the Chemobyl site) were found to have 

radioactive particles on their clothes. 

•!• Radioactive fallout carried by the wind was later found on clothing worn by 

people throughout Europe, and in rain in the United States. 

The map shows total decomposition 
from both the Cbernobyl accident & 
nuclear weapon tests. Howe,·er at 
tbe le,·el abo,·e 10k.Bq per sq.meter 
in most cases the effect of the 
Cbernobyl.\.cc. are predominant. 
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Figure 9.2- Continental Scale of the Chemobyl Accident [41] 

Notes: 

• The most hazardous isotopes released in this accident are known to be Cs-13 7, 

I-131 , and Sr-90. 

• Regions of heaviest fallout from the effluents from the fire at Chemobyl are 

shown in the figure below (Map shows borders in 1986). In these regions 

radiation exposure exceeded 100 mrads/h (0.1mremlhr or 0.001mSvlhr)-

to 400 times the allowable limit. 1/ 
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• The effect of radioactive dispersion from the Chemobyl nuclear power plant 

accident seems to have spreaded even to 1200km distance from the Chemobyl 

site. 

Figure 9.3- Continental Scale of the Chemobyl Accident 

9.3. Reasons for the Chernobyl Accident 

There were many investigations to find out the reason behind the accident. One 

notable incident is that during the daytime of 25 April 1986, reactor 4 was scheduled 

to be shut down for maintenance as it was near the end of its first fuel cycle. An 

experiment was proposed to test a safety emergency core cooling feature during the 

shut down procedure. 

The soviet specialists point out serious breach of the safety operational principles by 

the operating staff as the reason for the accident. Those violated principles are, 
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• Operation of the reactor at a very low operative reactivity surplus (ORS) -

prohibited the operation below 700MW thermal due to thermal hydraulic 

instability. 

• Conducting of the experiment by the power below the level provided for test. 

• Blocking of the protection system relaying on water level and steam pressure 

in steam-separators. 

• Blocking of the protection system relaying on shutdown signal from two turbo 

generators. 
,# 

• Connection of all the main circulating pumps to the reactor. 

• Switching offthe emergency core cooling system (ECCS). 

According to the findings by the International Nuclear Safety Advisory Group report 

INSAG-1 and INSAG-7 [42] following is the summary ofthe the possible reasons. 

• Design fault: Extremely high positive void coefficient in the reactor. (When 

the steam air bubbles are formed in the cooling water, the reactivity increased 

rapidly due to the presence of the graphite moderator giving increased 

formation of the steam bubbles.) 

• The reactor was not contained by any kind of hard containment vessel unlike 

most modem NPPs. 

• Defects in the design of control and safety rods. 

• Violation of safety procedures by the operating staff. 

• Departure from the specified test procedure. 

• Deficiencies in the regulatory regiom. 
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