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Wake-up call  

– Browns Ferry fire 

 On March 1975 Browns Ferry NPP units 1 and 2 at USA were 

operating at full power when a fire occurred in a cable-spreading 

room underneath the control room shared by both the reactors.  

 It was a common practice to check possible air leaks from the 

containment to the cable-spreading room with a candle. The 

opening was sealed with polyurethane foam. 

 On March 22 a rush of air sucked the flame into the polyurethane 

and the fire spread quickly. It took seven hours to extinguish the 

fire. It destroyed 2000 cables, disabled valves and pumps and the 

emergency core cooling systems.  

 However, both plants scrammed successfully.   

 An investigation group assigned by NRC identified significant 

problems with design, procedures and performance and urged 

NRC to reform regulatory practices to prevent cases like this.  
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Browns Ferry (cont.) 

“The steps that the NRC took to correct the deficiencies exposed 

by the fire focused largely, though not exclusively, on plant 

design, building materials, and equipment. This was consistent 

with the prevailing approach to reactor safety taken by the 

AEC’s regulatory staff and the NRC. They concentrated 

primarily on the integrity of the core and the operation of the 

safety systems designed to keep it properly cooled. “  

 

“Although NRC was well aware of the shortcomings in the training 

and performance of plant workers, the lack of dependable means 

of communicating during the accident, and the lapses in 

emergency preparedness, it did not focus on those issues as 

generic problems that needed careful attention”  

     (Walker 2004, p. 66-67.) 
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An incident at Devis-Besse  

 On September 1977 the Davis-Besse reactor was running at 9 percent of full 

power when it tripped. A relief valve stuck open and reactor coolant begun to 

escape. 

 Plant operators were confused about the multitude of alarms in the control 

room and struggled in figuring out what was going on. At one point they shut 

down the emergency cooling pumps.  

 After 22 minutes an operator understood that the open valve was a problem 

and shut a backup valve. The plant returned into a safe state. Babcock & 

Wilcox experts: under different conditions it was “quite possible, perhaps 

probable” that the decision to turn off emergency cooling pumps would have 

led to loss-of-coolant accident.  

 NRC’s investigators concluded that the incident did not reveal safety 

problems that applied to other plants  (Walker 2004, p. 69) 

 Later, another NRC inspector saw the incident as a manifestation of deficient 

management and operation at the power company and recommended the 

plant to be shut down. This topic was still in process in March 1979 when the 

accident in Three Mile Island stole the attention.    
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Three Mile Island 

 On March 1979 polisher pumps in the turbine side 

tripped causing the turbine to trip and finally an 

automatic reactor scram.   

 A relief valve (PORV) was stuck open allowing 

large amounts of coolant to escape. Due to e.g. 

control room design the operators failed to detect 

that the valve was open. The operators conducted 

many suboptimal activities e.g. closed the reactor 

coolant pumps as they tried to solve the problem. 

They failed to detect that they were in the loss-of-

coolant accident situation.  

 The accident caused a core meltdown. Some external releases took place from 

the auxiliary building and from venting operations.  

 The emergency management was disorganized. Press and public received 

confusing messages about the seriousness of the incident and the need for 

evacuation.   
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Three Mile Island (cont.) 

 The President’s commission, so called Kemeny report, stated:  

 

“To prevent nuclear accidents as serious as Three Mile 

Island, fundamental changes will be necessary in the 

organization, procedures, and practices -  and above all  -  in 

the attitudes of  the Nuclear Regulatory Commission and, to 

the extent that the institutions we investigated are typical, of 

the nuclear industry.” 

 

“Most serious mindset is the pre-occupation of everyone 

with the safety of equipment, resulting in the down-playing of 

the importance of the human element in nuclear power 

generation.”  
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The Kemeny report saw the safety problems as 

systemic  

“When we say that the basic problems are people-related, 

we do not mean to limit this term to shortcomings of 

individual human beings -- although those do exist. We 

mean more generally that our investigation has revealed 

problems with the "system" that manufactures, operates, 

and regulates nuclear power plants. There are structural 

problems in the various organizations, there are 

deficiencies in various processes, and there is a lack of 

communication among key individuals and groups.” (The 

President’s commission, 1979, p. 8.)  

 

But did we start applying  knowledge and methods that 

allow us to analyze the entire system and its safety? 
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The era of “human error” 

 In late 1970’s the view of safety changed in many safety critical domains – including 

nuclear - from purely technical safety considerations to involve also the possibility of 

human error (Hale & Hovden 1998) 

 Focus was on sharp end actors: control room operators, pilots, maintenance workers 

 In many cases the approach taken to deal with human behavior was very mechanistic 

instead of systemic – humans were understood as unreliable components, a threat to 

otherwise reliable technology 

 

 

 

 

 

 

 Error classifications, calculation of error 

probabilities begun.   

 However, control room design, 

information presentation improvements, 

simulator training and design of operating 

procedures offered a more integrated 

perspective 

 A new field of specialization emerged: 

"human factors”, “The laboratory years” 

(Rolina 2013) 

Tenerife air crash 1977 
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A new wake-up call – The Chernobyl accident 

 On April 1986 the Chernobyl unit 4 was totally 

destroyed as a test during a shut down went 

seriously wrong. 

 The design of the plant and its safety features, 

ambiguous operating procedures, insufficient 

training, violations of rules by the operating staff, lack 

of understanding of the possible consequences of the 

test by those who authorized it, deficient regulatory 

regime and pressures to meet production goals 

contributed to the accident 

 It was understood that the accident was not a purely 

technical failure nor purely a result of human errors.  

 The root causes were attributed to the culture of the 

nuclear power operations and regulatory regime in 

the former Soviet Union. INSAG1 (1986) pointed at 

lack of “safety culture”.  
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10 

Similar organizational, social and 

psychological factors were identified as 

contributing to many catastrophes in mid 

1980’s 

 

1986 

1988 1987 

Bow door open 

almost 200 fatalities 

A valve was unavailable 

after a maintenance, the 

work order was lost, 167 

fatalities  

Solid rocket booster O-

ring erosion due to cold 

weather 
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The era of “safety culture” or “safety management” 

 A second major shift in safety approaches took place in mid 1980’s when 

the focus shifted from technical issues and human errors to organizational 

factors.  

 Systematic safety management and safety culture were called for  

 But, the safety culture studies and practices soon drifted away from the 

original idea of gaining understanding of the underlying, implicit  logics of 

the organizations and communities concerning safety  

 Safety culture approaches are typically not systemic (Reiman & 

Rollenhagen 2014) 

 Safety culture is often seen as one more failure source among 

technical and individual factors 

 The focus of safety  culture activities are still mostly individual 

behaviors at the shop floor level (e.g. compliance with procedures) 
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One more wake-up call – The Fukushima accident 

 The earthquake and tsunami on 

March 11 2011 destroyed the power 

supply and damaged buildings, 

machinery and equipment at the 

Fukushima Daiichi plants. The 

crippled ability to monitor and to cool 

down the reactors led to core 

damages in multiple units, and finally 

to significant external releases.   

 
“Although triggered by these cataclysmic events, the subsequent 

accident at the Fukushima Daiichi Nuclear Power Plant cannot be 

regarded as a natural disaster. It was a profoundly manmade disaster 

– that could and should have been foreseen and prevented. And its 

effects could have been mitigated by a more effective human 

response”.  
(The national Diet of Japan 2012) 
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Again, the entire national, institutional system and the 

cultural assumptions on dealing with nuclear safety issues 

were raised up (as it was in TMI and Chernobyl as well) 

“We believe that the root causes were the organizational and 

regulatory systems that supported faulty rationales for 

decisions and actions, rather than issues relating to the 

competency of any specific individual.” 

 

“What must be admitted – very painfully – is that this was a 

disaster “Made in Japan.” Its fundamental causes are to be 

found in the ingrained conventions of Japanese culture: our 

reflexive obedience; our reluctance to question authority; our 

devotion to ‘sticking with the program’; our groupism; and our 

insularity.” (the Diet report) 
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Are we applying systemic approach when dealing with 

new challenges e.g. Extended operations? (Sireli & Mengers 2009) 
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(Sireli & Mengers 2009) 
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What about the nuclear new build projects? 

E.g. Olkiluoto 3 in Finland 

 around 2000 subcontractor 
companies from almost 20 
countries involved 

 17 500 individuals have 
participated to the induction training 
to work at the construction site 

 some 20 different languages 
spoken on site 

 delay at least 7 years, at the 
moment no estimation is given 

Inappropriate project management 
paradigm, safety culture challenges, 
national culture clashes and 
regulatory regime are all seen as 
contributing factors to the delay 

 
Photo: TVO 

 The first EPR reactor and the first new build project in a Western country since 1990’s  

 The construction started 2005 and the original schedule for fuel loading was 2009 

 The design and construction activities proved to be much more complex than 
anticipated: 
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The age of “integration” or “adaptation” 
(Glendon et al. 2006, Hollnagel & Woods 2006, Woods et al. 1994) 

 During the past ten (or twenty) years safety scientists have called 

for safety management approaches which effectively take complex 

sociotechnical systems approach to safety 

 The system to be analysed is socio-technical e.g. a nuclear 

power plant is not only the technical entity but the system includes 

individuals and the social structures as well 

 We need to understand the psychological, social, cultural, political 

phenomena in addition to the physical, chemical and mechanical 

phenomena  

 Safety should be understood as an emergent property of the 

entire system, it is continually created and maintained as the 

system is functioning 

 We need to change the view that technology is safe unless the 

humans misuse it 
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Understanding safety of complex sociotechnical systems 

 The outcome is not merely the sum of the parts – we cannot understand safety 

by decomposing the sociotechnical system into components and by analyzing 

their safety independently of each other e.g. analyzing human reliability 

independent from the technology used  

 The complex and contextual interactions between I, T, O phenomena are 

present in all phases of nuclear plant lifecycle and in all activities carried out. 

Multidisciplinary expertise is needed everywhere.   

 Challenge: we cannot assume linear causal relationships  e.g. we cannot say 

that certain type of management competence always results in good operational 

decisions at the plant  

 Sociotechnical systems adapt their responses, they learn, thus the I, T, O 

relations change all the time, but not in a random manner 

 Outcomes are not proportional to the inputs: small problems can result in major 

effects, thus it is dangerous to say that certain phenomena do not have safety 

effects 

 We need to understand and analyze phenomena for which we have little control 

over.  The organizations are not closed systems, they are affected by the 

environment; politics, power, public opinions, national culture, which are sensitive 

issues and for which the power companies have little control over 
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Systemic approach challenges the prevailing 

nuclear industry culture 

 Nuclear industry is technology focused – an quite understandably 

so. The technology involves unique hazards. 

 But the operating experience also shows the multitude of social, 

psychological and cultural phenomena that have not been 

understood, which would need expertize, research and investments 

 Prevailing culture in nuclear industry aim at minimizing 

uncertainties instead of trying to cope with them (Grote 2014) 

 Tendency to decompose the system in to manageable parts, 

analyzing them one by one  

 Tendency to standardize, implement more and more barriers 

 Tendency to ignore issues that are fuzzy, where no objective 

measures are applicable, which cannot be concretely controlled 
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Shouldering risks 

“Despite the strengths of this industry’s culture of control, 

I conclude, “getting better” is possible but not as a matter 

only of doing the same things better. To lessen the 

number of events occurring at all and to increase the 

frequency of sound analyses and effective 

recommendations – the most fruitful ways to prevent 

“severe incidents” – it is a more fundamental matter of 

reconsidering this industry’s culture of control.”  

    (Constance Perin, 2005) 
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Conclusions 

 Technology, human and organizational factors are 

inseparable 

 Design solutions, risk analysis, regulatory 

inspections, manufacturing of the components, 

construction of the new builds, operation and 

maintenance… are all carried out by humans who 

work in organizations – which in turn are affected 

by the societal, cultural and political influences 

 Human and organizational factors are not limited 

to behaviors of frontline workers  

Technical reliability and quality is dependent on 

human and organizational phenomena 

 

 

 

 

 We need to learn to study safety as a property of the entire 

system – even though this view is more complex, 

multidisciplinary and we have little control over many of the 

system phenomena 
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Thank you! 


