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What are severe accidents? 

ÅThe International Atomic Energy Agency (IAEA) defines severe 
accidents as: 
ά!ŎŎƛŘŜƴǘǎ ƳƻǊŜ ǎŜǾŜǊŜ ǘƘŀƴ ŀ ŘŜǎƛƎƴ ōŀǎƛǎ ŀŎŎƛŘŜƴǘ ŀƴŘ ƛƴǾƻƭǾƛƴƎ 
ǎƛƎƴƛŦƛŎŀƴǘ ŦǳŜƭ ŘŜƎǊŀŘŀǘƛƻƴέ 

Å It is one of five plant conditions that they define 
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After Fukushima-Daiichi I began thinking about severe accidents 

International Atomic Energy Agency 
 

Training material 

Long overview of each event 

What and why 

Intended for university students 

Videos for six events 
Three Mile Island, Chernobyl,  

Fukushima Daiichi X 3, and HTRE-3 

 

Electric Power Research Institute 

Lessons for instrumentation & control 
and human machine interaction 

Short overview of each event 

Role of instrumentation control and 
human system interfaces 

Intended for industry personnel 

Published 2015 

 

 

I produced two studies* 

*With a lot of help from Dan Welbourne from the UK 3 



There have been 19 severe accidents 

Types of Plants 
4 Generation 2 LWR 
7 Other power reactor types 
2 Isotope Production Reactors 
6 Test or research reactors 
 

Countries Involved 
US    8 
Japan   3 
France   2 
UK    2 
Canada   1 
Slovakia   1 
Switzerland  1 
Ukraine   1 
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Fukushima Daiichi Units 1, 2, & 3  Japan 
Three Mile Island 2                                US 
Chernobyl Unit 4                          Ukraine  
Fermi Unit 1                                            US 
KS 150                                            Slovakia 
Sodium Reactor Experiment                US 
Saint Laurent Unit A2                France 
Saint Laurent Unit A1                     France 
Chapelcross Unit 2                                 UK                     
  
Windscale Unit 1                                    UK 
105 K-West                                              US 
Heat Transfer Reactor Experiment-3  US 
NRX                                                   
Canada 
SL-1                                                            
US 
Westinghouse Testing Reactor             US 
Lucens                                       Switzerland 
Experimental Breeder Reactor 1          US 



Severe accidents are more common than we think 

In US designed gen 2 reactors, counting 
Fukushima-Daiichi as a one event 

              2 events_____         
17000 reactor years 

Ғ мл-4/reactor year  
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Severe accidents resemble black swans 
Characteristics of a Black Swan: 
 Hard to predict 
 Serious consequences 
 Obvious in retrospect . . . Nassim Nicholas Taleb 

Taleb gives a 4 minute summary of black swans at https:// www.youtube.com/watch?v=BDbuJtAiABA 6 
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The Engineer, Oct 5, 1956.  
pp 464 

Chapelcross Unit 2 



Some of the actors in this story 
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Sampling tubes for fission product monitors 
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This and previous slide, 
Reactor Core Design 
Principles, Air-Cooled and 
Magnox, B. J. Marsden, The 
University 0f Manchester. 



 
 

The Chapelcross 2 event 
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Consider the TMI-2 Accident 
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Poor maintenance procedure for condensate polishers                                            

No bypass for tripped polishers                                           

Encouragement to avoid solid pressurizer

Operators not informed of the hazards of high point LOCA

Prior operation with leaky PORV masked temperature indications 
that PORV was stuck open

No RPV level measurement

Inadequate range of core exit temperature display

Poor training for SBLOCA and  thermodynamic principles

Inadequate procedures for LOCA and Pressurizer operation

Displays for important secondary parameters inaccessable 

Safety system automatically initiated high pressure injection

Operators didnôt recognize the 
event as a small break LOCA 
(SBLOCA) and they shutdown 
safety injection  

Operators failed to recognize 
that they had a SBLOCA 
for at least 2 1/2 hours

Condensate polisher isolates

Turbine trip, Reactor trip

By that time recovery
was very difficult

Pressurizer Power Operated Valve (PORV) position indication ñliedò



Severe accidents were generally not caused by random 
failures 

ÅThe events resulted from 
ÅUnrecognized hazards (11 instances) 
ÅPlant design issues (13 instances) 
Å I&C design issues (13 instances) 
ÅOperator training issues (7 instances) 
ÅOperating procedure issues (9 instances) 
ÅMaintenance issues (7 issues) 

ÅThe likely root causes are inadequate: 
Å Safety analysis 
Å Equipment specification 
Å Communication between designers and operators 
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Severe accidents involved 
bypass of multiple 

άƛƴŘŜǇŜƴŘŜƴǘέ ƭŀȅŜǊǎ ƻŦ 
defense in depth 

ÅHere I speak of the INSAG 
defense in depth model 
ÅSee INSAG 10 and 12 

 

ÅLb{!D ƛǎ ŀ άƎǊŜȅōŜŀǊŘέ 
committee that advises 
IAEA on high level safety 
topics  
 


