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Major accidents

• Every accident is a story of its time...
• Usually its either engineering or human 

failure, or both…

• How can we preserve both the technical and 
the social story of the accident so that the 
lessons stay in the long term future?



Engineering failure
• The primary causes of engineering 

disasters are usually considered to 
be 

• human factors (including both 
'ethical' failure and accidents) 

• design flaws (many of which are 
also the result of unethical 
practices) 

• materials failures 
• extreme conditions or 

environments, 
• and, most commonly and 

importantly - combinations of 
these reasons 



Reasons for Failure
800 accident analysed 

-Insufficient knowledge ...................................36% -
-Underestimation of influence ....................... 16% --
-Ignorance, carelessness, negligence ............. 14% --
-Forgetfulness, error ...................................... 13% --
-Relying upon others/no sufficient control ...... 9% --
-Objectively unknown situation ........................7% --
-Imprecise definition of responsibilities ........... 1% --
-Choice of bad quality ....................................... 1% -
-Other ............................................................... 3% 

Study conducted at the Swiss federal 
Institute of technology in Zurich
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Nuclear Knowledge
a remarkable achievement of human development



Nuclear Knowledge and Nuclear Power
• Nuclear Power requires very 

specific competences, based 
on knowledge and 
understanding as well as on 
skills and behavior. 

• Nuclear Knowledge is 
necessary world-wide in a 
variety of sectors, ranging 
from nuclear power and fuel-
cycle industries to medical 
applications of ionising 
radiations. 
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Special and Unique

– Long-term accumulation during the long life 
cycle of facility operation; 

– Remarkable investment from governments 
(public money); 

– Proliferation, security and safety concerns; 
– International obligations  
– Large critical mass of basic science to support 

nuclear safety 
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Nuclear Knowledge is special and unique



Nuclear Knowledge 
Requirements
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Type of Knowledge Typically Required by

Know-What
(Understanding what is needed 

for effective decisions)

Managers, Plant Owners, Policy-
makers

Know-How
(Application of knowledge)

Operators, Regulators, 
Suppliers, Constructors

Know-Why 
(Generation of knowledge)

Designers, Developers, National 
Laboratories, Universities, 
Vendors, Regulators



1. Nuclear Knowledge Management at the project, 
organizational and national levels is an integrated 
and  systematic business process applied to all 
stages of the knowledge cycle, including its 
identification, sharing, protection, dissemination, 
preservation and transfer. 

2. NKM affects and relates to human resource 
management, information and communication 
technology, process and management 
approaches, document management systems, 
and corporate and national strategies. 

IAEA Definition of NKM



Nuclear power and Major accidents



Accidents backlog

• Kyshtim (USSR) ( Fission products)
• Windscale fire (UK) (Iodine)
• T M I accident (USA)( Noble gases)
• Goanya accident (Brazil)( Cs137)
• Chernobyl accident(USSR)( Fission products)
• Tokai Mura (Criticality)
• Fukushima accident( Japan)( Fission products)



Windscale fire (UK)
• Great Britain's first foray into nuclear energy 

had been successful for several years before 
the Windscale fire occurred in 1957. 
Operators noticed that the reactor's 
temperature was steadily rising when it 
should have been decreasing. They originally 
suspected the equipment was 
malfunctioning, so two plant workers went 
to inspect the reactor. When they reached 
the reactor, they discovered it was engulfed 
in flames. 

•
At first, they did not use water, because plant 
operators were worried the flames were so 
hot the water would break down instantly, 
and the hydrogen in the water would cause 
an explosion. But their other methods to put 
out the fire did not work, and so they turned 
on the hoses. The water was able to put the 
fire out without an explosion. 

•



Three Mile Island (USA)
• The United States' most disastrous nuclear accident took 

place at the Three Mile Island Plant near Harrisburg, Penn., 
the state's capitol. 

•
It all began with a simple plumbing break down. A small valve 
opened to relieve pressure in the reactor, but it 
malfunctioned and failed to close. This caused cooling water 
to drain, and the core began to overheat. The machines 
monitoring conditions inside the nuclear core provided false 
information, so plant operators shut down the very 
emergency water that would have cooled the nuclear core 
and solved the problem. The core began to overheat, and 
reached 4,300 degrees Fahrenheit. The water nearly reached 
the fuel rods, which would have caused a full meltdown of 
the core. But the nuclear plant's designers were finally able to 
reach the plant operators several hours later to instruct them 
to turn the water back on, and conditions stabilized. 

•
"Not only were there issues with training of operators, but 
management for both the plant and NRC did not know how to 
approach this kind of emergency and to communicate with 
the public," said Burnell.

• The NRC determined that no one had died of causes related 
to the incident at Three Mile Island, but found there might be 
one excessive cancer death over a 30-year period as a result 
of radiation. Only one person outside of the nuclear plant was 
found to have any radiation in his system after the incident. 

•
Three Mile Island had a profound impact on the public's 
attitude toward nuclear energy. In the 30 years since Three 
Mile Island, not a single nuclear power plant has been 
approved for development. 



Chernobyl (USSR)
• The Chernobyl nuclear accident is widely regarded as the 

worst accident in the history of nuclear power. It is the only 
nuclear accident that has been classified a "major accident" 
by the International Atomic Energy Agency. 

•
During a routine test, the plant's safety systems were turned 
off to prevent any interruptions of power to the reactor. The 
reactor was supposed to be powered down to 25 % of 
capacity, but this is when the problems began. The reactor's 
power fell to less than 1%, and so the power had to be slowly 
increased to 25 %. Just a few seconds after facility operators 
began the test, however, the power surged unexpectedly and 
the reactor's emergency shutdown failed. What followed was 
a full-blown nuclear meltdown. 

•
The reactor's fuel elements ruptured and there was a violent 
explosion. The fuel rods melted after reaching a temperature 
over 3,600 degrees Fahrenheit. The graphite covering the 
reactor then ignited and burned for over a week, spewing 
huge amounts of radiation into the environment. 

•
About 200,000 people had to be permanently relocated after 
the disaster. IAEA reported in 2005 that 56 deaths could be 
linked directly to the accident. Forty-seven of those were 
plant workers and nine were children who died of thyroid 
cancer. The report went on to estimate that up to 4,000 
people may die from long-term diseases related to the 
accident. Those numbers are a subject of debate, however, as 
the Soviet Union did much to cover up the extent of the 
damage. The World Health Organization reported the actual 
number of deaths related to Chernobyl was about 9,000. 

•



Fukushima…



Managing change and preserving 
knowledge



The Fukushima Accident Knowledge 
Preservation

• Issues and Lessons
– Japanese nuclear industry set-up (pluses and 

minuses)
– TEPCO

Health physics handling and consequences
– Progression of events
– Cultural issues
– Risk communication and crisis communication
– Handling misinformation



The Fukushima Accident Knowledge 
Preservation

• Areas for Safety Improvement
– Hazards from extreme natural phenomenon
– Big sites and large number of units
– Accident diagnostic support to operators
– Accident management in extreme conditions
– Accident management guidelines
– Command, control and decision making
– Emergency planning
– Evacuation



Japanese climate perspective?



Forget Kyoto?



Lessons of Nuclear Development

IINKM
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CATASTROPHIC 
EXTERNAL  EVENTS

Design deficiency?
Knowledge Management? 

Safety Culture?

SAFETY CULTURE

DEFENCE IN DEPTH

DESIGN DEFFICIENCY



Learning from experience
• The Three Mile Island accident challenged design 

development and training
• Chernobyl showed that safety culture must be a 

fundamental attribute of any nuclear activity. 
• Now nuclear power has faced unbelievable, 

catastrophic external events and while economic and 
other social losses have been incurred, human life has 
been preserved.

• The next critical challenge may be maintaining 
competence and managing knowledge and skills in the 
long term to guarantee safety and reliability at the 
highest level.



1. Operating nuclear facilities:
• operation of the existing nuclear facilities and the 

associated activities could be affected adversely by 
knowledge deficient decision-making, lacking the 
sufficient level and quality of knowledge and competence 
at any future stage of the facility’s life-cycle.

2. New Projects:
• The increasing number of new-build projects especially in 

developing countries will require the same on-going 
diligence and oversight in design, delivery, and supply as 
we have today. Vendors may be involved with several 
projects, which will require careful allocation of  
experienced and competent experts.

4 things to keep in mind…



3.   New comers:
– While most new plants will be built initially in established nuclear 

power countries, there will also be plants built in countries with 
small even no nuclear power experience. These new entrants will 
require international human resource commitments over an 
indeterminate time to assist with the establishment of the robust 
nuclear infrastructure which current nuclear countries have 
developed over many decades.

4.  Education and training:
– The number of skilled people at all levels has to expand 

substantially, which means increased requirements for education 
and training. This requires a lot more than offering courses from 
educational institutions. Governments will have to take 
commitments and spare resources for creating the next nuclear 
generation.

4 things to keep in mind…



QUO VADIS?
• When Saint Peter met Jesus 

as he was running from being 
crucified in Rome, Peter 
asked Jesus the question –
Quo Vadis?(Where are you 
going?)

• Jesus' answered, "Romam
vado iterum crucifigi" (I am 
going to Rome to be crucified 
again). 

• This prompted Peter to gain 
the courage to continue his 
ministry and eventually 
become a martyr. 
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