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Abstract 
 
The aim of this study is to compare the cause of the, to date, three only 
commercial nuclear power plant accidents. These are very complex incidents, 
which have dire impact on society and the environment and therefore benefit 
from further investigation, if there lays a possibility of identifying factors that 
could prevent further accidents in the future. In order to investigate this the 
actions and decisions that lead up to each nuclear meltdown was identified and 
compared. 
 

The investigation was based on a qualitative study on three cases of nuclear 
meltdown accidents. They are based on text analysis of official reports and 
documentaries on the subject. The theoretical background for this study was 
Kajtazi’s (2011) work on Information Inadequacy. The study was limited to the 
events leading up to the accidents and do not include activities afterwards. 

 
The study shows that each case had different underlying reasons. It also 

shows that we seem to have learned something from our previous mistakes, and 
acted on them accordingly. From the Fukushima Daiichi accident we can 
recommend that organizations in charge should take early warnings seriously 
and act upon them as soon as they are presented.  
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Chapter 1. Introduction: Research Focus 

The Computer Age, the Digital Age or Information Age as it is also called is the period 
of human history where the most important part of our economy no longer relies on the 
productions of wares as it were during the industrial age, but instead is driven by the 
production, exchange and export of Information (Bloem et al., 2009). As our forefathers 
once traveled great distances over the Silk Road in order to trade fabric, spices and 
other goods, establishing the foundation for peaceful relations between the East and 
West, we today engage ourselves in the trade of ideas between nations no matter how 
far away thanks to the Internet further minimizing the perceived borders between our 
nations (Hansen, 2000) (Castells, 2009). In fact, Information Technology is such a big 
part of our every day life that in 2007, more Information was produced during one year 
than for the previous 5000 years, since the invention of writing (Bloem et al., 2009). 

Despite the huge impact information plays in our life these days, there is still no clear 
definition of Information (Kajtazi & Haftor, 2010). The standard definition of semantic 
information is that it is meaningful data (Floridi, 2007). Scholars have criticized this 
definition since misinformation, or false semantic information, is not a type of semantic 
information, but pseudo-information (Floridi, 2007). Despite all the attempts scholars 
have made to define the notion of information, the Shannon and Weaver definition 
remains an important approach. In their paper “Mathematical theory of communication” 
they define information as the following: 

“.. this word information in communication theory relates not so much to what you 
do say, as to what you could say. That is, information is a measure of one's freedom of 
choice when one selects a message. If one is confronted with a very elementary situation 
where one has to choose one of two alternative messages, then it is arbitrarily said that 
the information, associated with this situation, is unity.”  (Shannon & Weaver, 1949, 
pp.8-9) 

In this study, information is seen as something transferred between a receiver and a 
sender for the purpose of guiding and aiding humans in decision-making, or as Kajtazi 
and Haftor puts it: 

 “[Information is a] representation of principles that guide humans’ understanding 
to utilize the meaning of data in handling their needs in a particular situation at a 
particular moment in time” (Kajtazi & Haftor, 2010, p.8). 

If a decision maker is lacking the right information at the right time it might lead to 
catastrophic results in critical situations. Situations such as the Tsunami in Indonesia in 
2004, the Great Eastern Japan Earthquake in 2011 or the Three Mile Island Nuclear 
Power Plant meltdown in 1979.   

“We define information inadequacy as vulnerable and inadequate information, 
composed by the dichotomy of information lack and/or of information overflow, which 
impose complexities and unexpected behavior on human, social and industrial affairs.” 
(Kajtazi et al., 2011, p.1) 

Information in itself is ill defined (Kajtazi & Haftor, 2010), which forces each 
scholar to explain their own definition of the word specifically used in their works. 
Furthermore, lack of needed information as a research domain is young and 
underdeveloped (Haftor et al., 2011), and even though we have the support of 
technology we have problems with information overload like never before (Edmunds & 
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Morris, 2000). Therefore this study aims to expand the understanding of Information 
Inadequacy.  

This study intends to strengthen or back-up the view of information as suggested by 
Kajtazi & Haftor (2010), who suggested that the term information seems to be ill-
defined and has a different meaning depending on the field of which it is being used. 
With a qualitative approach, on a fewer amount of cases than Kajtazi, this study will 
give a new deeper approach for the understanding of information inadequacy. These 
cases were chosen because of the similarities between them.  They all resulted with the 
nuclear fuel rods overheating and eventually melting in the reactor and then leaking 
radiation into the environment. Due to the seriousness of the potential risk that a nuclear 
meltdown poses, I feel that further study of these cases is of uttermost importance so 
that we may find causality and explanations to these phenomena so as to prevent them 
from happening in the future 

In 2011 I was living in Tokyo at the time of the Great Eastern Japan Earthquake and 
following Fukushima Daiichi nuclear accident.  Having personally experienced the 
trauma and stress on society that a nuclear accident brings, I also have a personal 
interest in making sure we take every step possible to prevent nuclear accidents from 
happening again. The fallout from a nuclear accident, not just from actual radiation but 
also in terms of broken down infrastructure, public transport not working, shortage of 
important resources such as electricity, gas, petrol, food and water, is devastating for 
people as individuals and for nations as a whole.  

This study addresses an important aspect of information, that of the absence of right 
information.  

 

1.1. Area of Investigation 

The Nightclub fire in Gothenburg in 1998; Hurricane Katrina in 2005; Chernobyl in 
1986; what do they all have in common? They were all tragedies that lead to 
unfortunate outcomes due to lack of needed information. All of these examples are 
highly complex and diverse but the fact of the matter is that the underlying reason for 
them is that they all lacked needed information at critical times (Kajtazi, 2011). In order 
to understand such a complex problem it is necessary to divide the problem into 
tangible parts. Identifying the underlying reason to the lack of needed information does 
this. The superficial separation would be Information lack and Information overflow, 
further explained in chapter 1.6.4. “Kajtazi’s framework for analyzing lack of needed 
information,” but these will be possible to separate further into subcategories.  

The focus of this thesis is to find out how the interference of noise, as identified by 
Shannon and Weaver (1949), results in the lack of needed information. According to 
Shannon, 1949, there are five parts of a communication system, an information source 
from where the message originates, a transmitter to carry the message, a channel from 
which the transmitters travel, a receiver and a destination, see Figure 1.1 (Shannon & 
Weaver, 1949). The transmitted message is then interfered with different degrees of 
noise, distorting the message.  
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Figure 1.1: Shannon and Weaver’s theory of communication (Shannon & Weaver, 1949). 

 

1.2. Research Objective and Research Purpose 

Since humanity took the step into the Information age, most of what we produce, export 
and import is information (Bloem et al., 2009). It lies therefore in our best interest to 
understand what makes a good exchange of communication and minimizing the noise in 
between sender and receiver. 

How information travels from point A to B has been the topic of many great scholars 
over the last 60 years, however when it comes to understanding the lack of needed 
information there is still much work desired to be done (Haftor et al., 2011). 

This thesis objective is to contribute to developing and further extend our current 
understanding of what causes the lack of needed information. 

To achieve the proposed objective, this study is based on the framework for analysis 
first proposed by Kajtazi & Haftor (2010). The purpose is to extend the existing 
framework of analysis provided in the study of Kajtazi with intentions to expand our 
knowledge on what causes the lack of needed information. 

Kajtazi & Haftor (2010) proposes a framework for analysis that describes to a 
detailed extent what may cause lack of needed information. 

The adapted framework is based on empirical work upon a set of situations that do 
not represent all types of situations where lack of needed information occurred. Such 
limitations of the framework, suggest that extending the existing framework will be 
fruitful to further contribute in developing a new theory of the lack of needed 
information. This study therefore aims to further identifying new codes that can be 
implemented into Kajtazi’s framework by using it to analyze three cases with a similar 
outcome. 
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1.3. Research Question 

The study aims to answer the following research question: 

How does the causality of the three nuclear power plant accidents compare to each 
other? 

To date there has been three nuclear meltdowns at commercial nuclear power plants. 
Did we learn anything from the previous accidents? The question is going to show if 
what we learned from the previous accidents was applied to nuclear power plants in 
order for them to prevent from similar accidents from happening again. Or perhaps we 
did not learn anything and each time history just repeats itself.  

 

1.4. Contribution to the field of Information systems 

In this day of age, Information Systems, IS, are seen everywhere. IS have been so 
ingrained into our society that it is present in most areas of our lives, professionally, 
socially and personally. For instance, a nuclear power station operator uses an IS to 
monitor and command the operation of nuclear reactors at work, then uses his smart 
phone for social networking to keep in touch with his friends and family remotely, and 
at home he plays video games for personal education and entertainment.  This is a 
typical scenario of how IS influences almost every part of the life of a modern man. At 
this point of time IS is so integrated into modern society that the average citizen would 
probably have difficulty living life without the support of IS, or at least not prefer to be 
without them.  

This study will focus on IS research areas that are societal and global as well as 
organizational and inter-organizational (Bensaou & Venkatraman, 1996). These areas of 
IS research focus on the societal an inter-societal usage, as well as the inside and 
between organizational usage of information and communication technology, ICT. This 
is done by an empirical and socio-technological research with the study of cases and 
hermeneutics. 

The further study of information systems and communication technologies is vital as 
IS and ICT are very much a part of our every day lives. Further defining and 
understanding the field is vital for understanding our current and future living contexts. 

 

1.5. Scope and Limitations  

This study will focus on cases where the lack of needed information has resulted in 
nuclear core meltdown at commercial nuclear power plants as in Chernobyl, 1986 and 
Fukushima Daiichi, 2011. These cases will be analyzed using Kajtazi’s aforementioned 
framework and their results will be compared to each other in hopes of finding out what 
similarities and/or differences these cases have. 

Due to the complexity of a nuclear accident a study could go on and on, considering 
the given timeframe this study will not go into the activities occurring after the 
accidents. Activities like the cleanup process of nuclear waste. 



! 6!

There are many different cases of nuclear meltdowns, on test reactors, in laboratories, 
in U-boats etc, but in order to narrow the cases down to a tangible number this study 
focuses only on nuclear meltdown accidents on commercial nuclear power plants 
connected to the public power grid. Even though analyzing these other cases would be 
interesting in its own way, I feel that it would not complement or add anything new to 
the three cases mentioned earlier.  Also, these other nuclear core meltdowns did not 
have as big of an environmental effect as the ones that occurred on the commercial 
nuclear power plants. Therefore, a study of these three particular cases was chosen, as 
they were deemed more important because they have much bigger potential risks 
involved in them. 

 

1.6. Theoretical Background 

There are a plethora of different methods of collecting data and analyzing 
Information Systems available. Many methods were developed as IS has been 
introduced into industries, factories, offices, governmental organizations and critical 
infrastructural organizations over the last couple of decades. With the implementation 
of IS in all parts of society another type of system evaluation process has grown up as 
well. As IS became more prominent in society the need to analyze them and making 
them better has also come apparent. Many of these frameworks and tools to analyze IS 
focus on making them more efficient and effective in order to produce more with less. 
Thus making a financial gain. This study is focusing on analyzing cases that already 
happened in order to identify key elements where the actions or decisions made caused 
the final outcome. Therefore the frameworks looked up in this study were frameworks 
used to analyze failures and accidents in IS.  

Going with the notion that it is always best to start from the beginning, this study 
started looking at the Shannon-Weaver model of communication presented by Shannon 
and Weaver in 1949. After that it was decided that another three frameworks should be 
identified and analyzed in order to see which one would fit best according to this studies 
goals.  

In order to find these frameworks a database search was conducted. Databases such 
as Libris, Google Scholar, Web of Science, JDeamIII, Science Direct (SciVerse), 
Springer Link and Wiley Online Library were used in the search for possible theoretical 
backgrounds. Many different search queries were used but the ones that proved most 
useful for finding appropriate sources was “frameworks to analyze failures in 
information systems” and “frameworks to analyze accidents in information systems.” 

 

1.6.1. Shannon-Weaver model of communication 

Briefly being addressed in 1.1. Area of Investigation, the Shannon-Weaver model of 
communication is the first step towards defining the field of Information Systems. 
Shannon, a mathematician and an engineer, and Weaver, a scientist, developed the 
model. They worked together on an article named “A mathematical Theory of 
Communication” where the Shannon-Weaver model of communication was first 
introduced (Shannon & Weaver, 1949). At first it was developed as a means to improve 
technical communication but was later applied on the field of communication as well.  
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According to Shannon, 1949, there are five parts of a communication system, an 
information source from where the message originates, a transmitter to carry the 
message, a channel from which the transmitters travel, a receiver and a destination 
(Shannon & Weaver, 1949). The transmitted message is then interfered with different 
degrees of noise, distorting the message.  

Given how this is the first model trying to explain the concept IS it is also one of the 
simplest ones. However, that does not necessary mean that it is bad as with its simple 
design it is easily applied to other various communication theories, within both human 
communication researchers and information researchers. 

 

1.6.2. Domino Effects in the Process Industries: Decision Support Systems for 
preventing domino effects 

In his study: Domino Effects in the Process Industries: Bahman Abdolhamidzadeh 
brings up the available Decision Support System, DSS, computerized toolkits for 
managing and preventing domino effects, and then proceeds to present a framework for 
preventing domino effects in an integrated DSS (Abdolhamidzadeh, 2013). 

A domino effect is from the game of dominoes where the main point is to stand them 
up in a row and let the first one fall, knocking over the next, initiating a chain reaction 
where they all fall. In this case a domino effect is something where a failure or an 
accident brings forth another failure, which brings up another, effectively making the 
situation spiral out of control possibly until total failure is achieved. 

“Domino effect: a situation in which one event causes a series of similar events to 
happen one after another.” (Merriam Webster, 2013) 

Decision Support Systems have been a common sight in the field of information 
systems over the last 50 years. What once was mostly seen in supporting business 
decisions is now applied to all types of fields including science and engineering 
(Abdolhamidzadeh, 2013). Nowadays, a DSS is a computerized IS that is used as a way 
to support a user that is presented with a problem, by presenting alternatives and helping 
the user making an informed decision (Abdolhamidzadeh, 2013).  

There are many different definitions of DSS’s. One of the most common ones is to 
classify the DSS by to which degree the user can influence the system 
(Abdolhamidzadeh, 2013). In this way a DSS can be divided into passive, active or 
cooperative. 

) In order for a DSS to be considered passive it needs to facilitate the process of 
decision-making but at the same time not offer any ways to solve the problem itself, 
which is left up to the user (Abdolhamidzadeh, 2013). 

) An active DSS works in the same way as a passive DSS but instead of letting the 
user solve the problem as he or she see fit, a predefined solution and/or suggestion is 
presented to the user (Abdolhamidzadeh, 2013). 

) Just like the active DSS, a cooperative DSS provides solutions to the problems but 
they can also be refined and updated by the user at any time (Abdolhamidzadeh, 
2013). 
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The majority of DSS being used for risk assessment are either passive or cooperative 
(Abdolhamidzadeh, 2013). 

 
Figure 1.2. The components of a DSS (Abdolhamidzadeh, 2013) 
 

A DSS have three main component; the user interface, the model and the database 
(Abdolhamidzadeh, 2013), as illustrated in figure 1.2. Some researchers believe that a 
fourth component should be added, the user. They argue that since most problems are 
unstructured or semi structured the user needs to be more active in the decision making 
process and apply judgment and intuition and not just enter data (Abdolhamidzadeh, 
2013). 
 

After the Chernobyl accident in 1986, a DSS was developed in Europe in order to 
provide staff during nuclear emergencies with real time support (Ehrhardt et al., 2004) 
(Bartzis et al., 2000).  13 years after the Chernobyl accident, the DSS named RODOS 
started being implemented into nuclear power plants. Since then, RODOS has grown 
and further been developed. In 2011 a Java version was developed and installed at 
Fukushima Daiichi, called JRODOS, in order to support them with their nuclear 
emergency (Ievdin et al., 2012). With the framework presented by Abdolhamidzadeh it 
would be possible to analyze this DSS in order to see how it could be made better.  

There are many benefits of using DSS in your decision-making process. It can 
increase user efficiency, speed up problem solving and decision-making, and promote 
training of the users, saving time and money, among other benefits (Abdolhamidzadeh, 
2013). However, it is also necessary to keep in mind that there is a possibility that the 
users blindly accept suggested solutions without interpreting or post-processing it, as 
they get overly high faith in the “intelligent system” (Abdolhamidzadeh, 2013). 
 

Even though there are a wide arrange of different DSS toolkits being provided only a 
handful of them takes into account to calculate domino scenarios directly in their risk 



! 9!

assessment (Abdolhamidzadeh, 2013). Still, none of the DSS that take domino scenarios 
into account goes deeper than to second-level scenarios (Abdolhamidzadeh, 2013). 
Some have the possibility to further expand to deeper levels of domino scenarios but are 
not being used to its full potential at this time as to keep cost and computational 
requirements from spiraling out of control (Abdolhamidzadeh, 2013). This is likely due 
to domino scenarios being very complex with many different variables and uncertainties 
to be taken into consideration when trying to suggest solutions. Because of its 
complexity, conventional consequence- and damage models have a hard time to handle 
deeper-level domino scenarios (Abdolhamidzadeh, 2013).!
!
Using a DSS to provide support during a domino effect scenario, or even prevent one, 

seems promising as risk-based decisions involved in domino effect scenarios are usually 
unstructured or semi structured problems (Abdolhamidzadeh, 2013). However due to 
there being few DSS’s used in domino risk management, and even fewer of them being 
able to go deeper than level 2 domino scenarios, you rarely see them used in practice 
due to their shortcomings (Abdolhamidzadeh, 2013). 

 
1.6.3. Reliability Engineering & System Safety: Analyzing vulnerabilities 
between SCADA system and SUC due to interdependencies  

Each successful nation is supported by a complex infrastructural system that supplies 
the nation with essential goods and services. Goods such as energy, food, water, data 
etc., and services like banking, healthcare and public administration (Nan et al., 2013). 
These services are so vital to the wellbeing of a society that if they do not work 
correctly they would leave a significant impact on its citizen’s health, safety, security, 
economics and social wellbeing (Nan et al., 2013). In today’s society there are many 
modern critical infrastructures such as public transport, telecommunication, power 
supply etc., which are all large scale and integrated into each other. These systems are 
so complex that in order for them to function it is vital that the operator can monitor and 
control them continuously (Nan et al., 2013). For instance, in a power supply system the 
operator must monitor parameters such as voltage, frequency and phase angle 
continuously in order to maintain the system. Today, these types of industrial monitor- 
and control-functions are usually done by using a Supervisal Control And Data 
Acquisition, SCADA, system (Nan et al., 2013).  

SCADA consists of the two following main functions: 

) Monitor function: The data from sensors, transducers and other devices installed at 
remote facilities are transmitted to the centrally located control facility (Nan et al., 
2013). 

) Control function: changes the states of field devices by, for instance, opening or 
closing valves as to adjust the process parameters (Nan et al., 2013). 

Early SCADA systems were designed to work as a point-to-point system that 
connected monitoring- or command devices to sensors or actuators that were located 
remotely. Modern SCADA systems however, has grown into a more complex network 
which, by the support of advanced Information and Communication Technologies, ICT, 
supports communication between multiple remote units and a central control unit (Nan 
et al., 2013).  
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As ICT’s got introduced to SCADA systems, it also exposed the system to a new 
array of security risks. As the modern systems are more interconnected with other 
systems, the increased connectivity brings with it more possible “weak links” as to 
where unauthorized users can enter the system and cause cascading failures and 
incidents (Nan et al., 2013). 

Nan et. al. used a modified methodological framework intended for analyzing 
vulnerabilities in interdependent critical infrastructures (Nan et al., 2013). The 
framework is divided into the following five steps: 

) Prep phase:  

Preparing the study by getting an understanding of the intent and objective of the 
system that is being analyzed. In Reliability Engineering & System Safety they used 
a wide variety of model-based approaches such as Input-output Inoperability 
Modeling, Complex Network Theory, Agent-Based Modeling etc (Nan et al., 2013). 

) Screening analysis:  

The main goal of this phase is to get a more detailed understanding of the system 
being analyzed. By achieving knowledge/information on the main functionalities, 
interfaces, components on each individual system, as well as their interdependencies 
the researcher gets a deeper understanding of the task of the system (Nan et al., 
2013). 

) In depth analysis:  

Adding to the two previous analyses, another analysis based on advanced modeling 
techniques is being conducted in order to represent critical infrastructure 
interdependencies in the system. The main goal of this step is to use the 
representation of the complexity of the interdependencies in order to identify and 
assess vulnerabilities (Nan et al., 2013). 

) Result assessments:  

The result from the previous analyses are collected and assessed (Nan et al., 2013). 

) Potential technical improvement:  

Depending on the results of the analyses being conducted improvement suggestions 
are presented (Nan et al., 2013).  

In the case of the SCADA analysis, the researchers identified many vulnerabilities 
due to interdependencies such as the discovery of the importance of the field level 
devices failing and causing delay due to dependency issues (Nan et al., 2013). The study 
also shows that the hybrid modeling/simulation approach suggested in the study is 
beneficial to future research efforts regarding complex critical infrastructure systems as 
it removes the technical difficulties by allowing the integration of different types of 
modeling/simulation methods into an e-simulation platform (Nan et al., 2013). 

Modern critical infrastructures are very complicated due to interdependencies 
between the different services. Just analyzing one subsystem of a service takes a lot of 
time. Therefore trying to analyze all the connecting systems might seem impossible 
(Nan et al., 2013). In their study, the researchers studied the interdependency-related 
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vulnerabilities between SCADA with the above-mentioned five step methodical 
framework. With the in-depth analysis that comes through this five-step framework the 
researchers suggested a hybrid modeling and simulation approach that is to be used to 
identify and assess obvious and hidden vulnerabilities (Nan et al., 2013). 

According to Reliability Engineering & System Safety, using this framework to 
analyze SCADA or similar Critical Infrastructure Systems is so comprehensive that it 
takes a lot of time just to analyze one particular subsystem. Using it to study a complex 
system with interdependencies, such as a system used in a nuclear power plant, is too 
extensive and not possible to do within the given timeframe with one case let alone 
three different cases. 

 

1.6.4. Kajtazi’s framework for analyzing lack of needed information 

“We define information inadequacy as vulnerable and inadequate information, 
composed by the dichotomy of information lack and/or of information overflow, which 
impose complexities and unexpected behavior on human, social and industrial affairs” 
(Kajtazi et al., 2011, p.1). 

There are many methods out there for collecting and analyzing data, however there 
are few focusing on the analysis for finding lack of needed information (Haftor et al., 
2011).   

In Kajtazi’s thesis about information inadequacy she defines the lack of needed 
information stemming from either information overflow or information lack (Kajtazi, 
2011). What this study intends to do is to further her theory by applying her definition 
of information lack and overflow to cases where the lack of needed information resulted 
in nuclear fuel meltdowns in commercial nuclear power plants. 
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Figure 1.3: The framework presented by Kajtazi divides Information Inadequacy into two categories, 
Information lack and information overflow, which is then further divided into several subcategories.  
(Kajtazi, 2011, p.22) 
 

Kajtazi divides the term lack of needed information into two categories; information 
overflow and information lack. These are later divided into the following subcategories, 
as presented in figure 1.3 (Kajtazi, 2011). 

Information overflow. 

1. Information is ambiguous – The information received is characterized by being 
miscalculated and not accurate which in turn misleads decision makers during 
critical decision-making processes. 

2. Information is redundant – The information received is either excessive or the 
same information repeated multiple times. 

3. Information is irrelevant – The information received is not valid and/or comes 
from unknown sources.  

4. Information is undervalued – the information received might be misinterpreted 
due to mismanagement by the receiver from either lack of awareness or unawareness. 

Information lack.  

1. Information is non-existent – the responsible body for transmitting information is 
not aware of the need for certain information, usually due to the urgent and poorly 
planned nature of the situation. 

2. Information is insufficient – the information received is lacking enough 
information in order to deal with the problem as a whole.  
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3. Information is censored – The information received has been edited, changing its 
original meaning before being read by the receiver. “Information is censored is 
characterized by serious violation of information. Such information is usually 
hindered intentionally, secretly and illegally for the purpose of suppressing original 
information that is intended for the public and that may be significant for their needs. 
Fraud is one of the key acts that reflect the censoring of information.” (Kajtazi, 2011, 
p.4). 

4. Information is undelivered – the information is not received by the receiver due to 
either unawareness or intentionally by preventing the use of information or by not 
delivering information.  

 

Kajtazi’s main focus of interest is how humans behave when dealing with 
information in socio-, psychological-, economic-, communicational-, and technological 
factors (Kajtazi et al., 2011). She also goes on explaining how this framework is mostly 
suited towards situations where technology has played an important role as a mediator 
in the exchange of information (Kajtazi et al., 2011). The reason for which being that it 
has been argued that problems in information exchange often arise from problems with 
technology (Oliviera et al., 2008), even though information inadequacy seems to be 
mainly caused by human activities (Kajtazi et al., 2011). 

“Information Inadequacy has become a common obstacle that inhibits organizations 
effectiveness, resulting in loss of power in a competitive marketplace” (Kajtazi, 2009, 
p.118) 

Effective retrieval of information reduces the effort to find unreliable information, 
increasing the chance to retrieve relevant information (Oliviera et al., 2008). With 
Kajtazi’s framework for identifying lack of needed information one can identify and 
define what sort of information inadequacy has occurred. Using this framework to 
analyze the three aforementioned cases from an information inadequacy point of view, 
one can categorize the underlying causes in an easily understood table. The identified 
causes can then be compared to Kajtazi’s previously defined causes from her studies, to 
look for similarities as well as identifying new causes. 

 

1.6.5. Discussion of choice of framework 

This study will focus on cases were the lack of needed information has resulted in 
nuclear core meltdown at commercial nuclear power plants as in Three Mile Island, 
1979, Chernobyl, 1986 and Fukushima Daiichi, 2011. Choosing a framework that 
would be suitable to apply to all three cases you need to make sure that it is applicable 
to do so. Therefore multiple frameworks were looked upon and evaluated to see if they 
would be able to perform the task.  

Even though the Shannon-Weaver model of communication is simple and widely 
applicable to many different studies and field of research, it is not suitable for this study. 
As the systems in nuclear power plants are so complex and large scale that trying to 
simplify them to the scale where the Shannon-Weaver model would become useful 
would remove too much variables for it to be considered a reasonable solution. 
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Analyzing the cases through a DSS point of view would indeed be an interesting 
approach. However given the few amount of DSS’s being used in domino risk 
assessment, and even fewer of them being able to analyze the cases deeply, and the fact 
that DSS’s were not used at neither Three Mile Island or Chernobyl, makes this 
approach not suitable for this study.  

A study using a framework meant to analyze SCADA systems at Nuclear Power 
plants would possibly reveal hidden vulnerabilities in the organizations that would 
prove useful to future design of SCADA systems. But due to the great amount of time 
needed to perform the analysis on one subsystem, due to all the interdependencies, 
analyzing just one case, let alone three cases, would take too much time given the 
timeframe for the study 

Kajtazi’s main focus of interest is how humans behave when dealing with 
information in socio-, psychological-, economic-, communicational-, and technological 
factors (Kajtazi et al., 2011). With Kajtazi’s framework for identifying lack of needed 
information one can identify and define what sort of information inadequacy has 
occurred. Using this framework to analyze the three cases from an information 
inadequacy point of view, one can categorize the underlying causes in an easily 
understood table. The identified causes can then be compared to Kajtazi’s previously 
defined causes from her studies, to look for similarities as well as identifying new 
causes. 

 

1.7. Thesis Organization 

The disposition of the research is divided into the following five chapters: 

Chapter 1 Introduction: Research Focus 

The first chapter defines the importance of expanding the field of Information 
Inadequacy by giving arguments as to why it is important to do so as well as a 
defined purpose, delimitations and disposition. Also, multiple frameworks are 
presented here as the theoretical background for this study.  

Chapter 2 An Overview of the Methodology of Inquiry 

Introduces the methodological approach used in the study. 

Chapter 3 Empirical Investigation 

Reports of the three cases is presented and analyzed by the framework to define lack 
of needed information. 

Chapter 4 Discussion of the research results 

Presents discussions of the results from the analysis in the previous chapter. 

Chapter 5 Conclusion and future research 

Reflections based on the results of the analysis are presented and future research 
suggested. 
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Chapter 2. An Overview of the Methodology of Inquiry 

This chapter explains how the study will be carried out. Several different 
methodological approaches were considered but in the end a hermeneutic text 
analyzing approach was decided upon, as it is beneficial for carrying out qualitative 
research when studying social and cultural phenomena (Myers, 1997). 

As the field of information inadequacy is a field without much previous research 
being conducted, this study will have an exploratory approach as to keep an open mind 
and not let any previous hypothesis color the study. Continuing in that fashion the data 
collection will be of a qualitative nature were three cases will be studied. 

 

2.1. Research Design 

This research started off with a theoretical study, which concluded that there is not 
much theory on the subject of information inadequacy (the most extensive existing 
research is the one performed by Kajtazi in 2010) and therefore the theory gathered was 
used as a basis for an empirically driven study. The other considered frameworks are 
presented in chapter 1 under the theoretical background. The three cases study is based 
on official documentation made by international organizations in the field of nuclear 
energy such as the International Atomic Energy Agency, IAEA. 

 

2.1.1. A Qualitative investigation 

Whereas a quantitative study focuses on strength in numbers in terms of statistics 
gathered from a large quantity of samples a qualitative study focuses instead on doing a 
more in-depth study on smaller amounts of samples. A quantitative study might be 
helpful if your objective is to draw a general conclusion from a large amount of readily 
available samples, but if the how and why of decision making, and not just the what 
where and when, is considered important a qualitative study is to be preferred. In his 
seminal work Maxwell (1998, p221) defines five distinct situations where a qualitative 
study is preferred over a quantitative one: 

) If the goal of the research is of understanding the meaning behind the outcomes 
of the samples, as in the goal of the research is not just to the physical events and 
behaviors that took place but rather the underlying reasons that influenced their 
behavior. 

) Since a qualitative study has fewer samples compared to a quantitative one, the 
researcher is more prone to have a deeper understanding of how the events, actions and 
meanings are shaped by the unique circumstances in which these occur. 

) Because of the open-ended approach of a qualitative research, it is possible to 
identify phenomena and influences that might not have been able to anticipate 
beforehand. With these unanticipated phenomena it is possible to generate new 
grounded-theories to be used in future research. 

) A quantitative study might help in developing an understanding of the outcome 
of the situations but with a qualitative approach the processes by which the events and 
actions took place also becomes evident. 
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Maxwell, 1998, explains the benefits of using qualitative studies when improving 
upon previous studies as:  

“Conducting formative studies, ones that are intended to help improve existing 
practice rather than simply to determine the outcomes of the program or practice being 
studied”(Maxwell, 1998, p.76) 

This is because when furthering our understanding on a previously studied subject it 
is more important to understand the process by which things happen in a given situation 
rather than increasing statistics by comparing outcomes in one situation with other 
similar situations (Maxwell, 1998). 

Following this reasoning, in this study three cases will be analyzed in-depth in order 
to understand the underlying process that lead to the given outcome, so that we can 
extend our current understanding of what causes the lack of needed information. In 
order to do this we need to understand why and how they happened. This is done by a 
hermeneutic approach where the data from the texts are used to develop a theory 
(Gadamer, 2008). 

 

2.2. The Methodological Tradition – Interpretivism 

This study uses a methodological tradition known as interpretivism. In short 
interpretivism can be summed up as being used to give an understanding of a 
phenomena (Orlikowski, 1993). 

As this study focuses on finding explanations to phenomena caused by lack of 
needed information, phenomena heavily influenced by human interactions, actions and 
non actions, an interpretive methodological tradition is to be preferred as it focuses on 
understanding how an individuals subjective perception of the world that surrounds him 
or her (Boland, 1985). Following an interpretive tradition, in order to understand how 
humans perceives the phenomena around them, focus is put on interpreting social 
constructs such as language, consciousness, shared meanings, documents, tools, etc 
(Myers & Klein, 1999). With an interpretive methodological approach this study will 
not only focus on finding the answers of the when and where’s of the cases being 
investigated but also on the why and how’s.  

As this study aims to get a deeper understanding of the underlying decisions, actions 
and non-actions that resulted in the dramatic consequences of these cases an interpretive 
study would be the most beneficial given its deep going, qualitative approach. As 
human thought and action in social and organizational contexts are of interest to IS 
researchers, an interpretive study will give that deep qualitative understanding of the 
subject. Therefore an interpretive study may be useful to understand the flow of 
information in an organization with the potential of producing insights into the 
management of information systems and information systems development (Myers & 
Klein, 1999). 
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2.3. The Methodological Approach 

This study is based on a hermeneutics empirical analysis.  The analysis was used as a 
way of understanding and analyzing text. Understanding not just its written words but 
also its hidden meaning. Once understanding of the three cases had been achieved, the 
cases were analyzed with Kajtazi’s framework for lack of needed information by means 
of thematic analysis. 

 

2.3.1. Hermeneutics 

In ancient Greece, hermeneutics started out as an effort to describe humanistic modes of 
understanding (Palmer, 1969). Since then, philosophers seeking understanding of the 
world around them have frequently debated the uses and practices of hermeneutics. 
Because of the long history of the word, the meaning of it also differs depending on the 
time period as well as the field of it being used in (Palmer, 1969). So therefore a short 
explanation of what interpretation of the word hermeneutics being used in this particular 
study is required. 

According to Paul Ricoeur hermeneutics is “the theory of the operations of 
understanding in their relation to the interpretation of texts” (Ricoeur, 1981, p.43). 
Gadamer explains philosophical hermeneutics as; “The question is not what we do or 
what we should do, but what happens beyond our willing and doing” (Gadamer, 2008, 
p.xi). The definition hermeneutics used in this study however is that of Wilhelm Dilthey 
who defined hermeneutics as the core principle of understanding man’s art, actions and 
writings (Palmer, 1969). The modern hermeneutics has also included multimedia such 
as audio recordings, video documentaries, web sites etc. as acceptable media of which 
to use hermeneutics on (Byron & Nass, 1996). With these definitions of hermeneutics it 
is easy to believe that hermeneutics is the same as understanding, but that is 
oversimplifying it as; “the task of interpretation and the meaning of understanding are 
different” (Palmer, 1969, p.7). As it is a method for interpretation the main focus of 
hermeneutics is that of deciphering the work being read (Palmer, 1969). The goal of 
hermeneutics is to understand what is being said, what is implicitly being said and the 
reason to why it is being said (Ferguson et al., 1988). Palmer puts it as “[hermeneutics] 
tries to hold together two areas of understanding theory; the question of what is 
involved in the event of understanding a text, and the question of what understanding 
itself is…” (Palmer, 1969, p.10). In short hermeneutics is the task of understanding texts 
(Palmer, 1969).  

A hermeneutic approach is beneficial when studying literary work as it ease the 
process of understanding texts. The iterative nature of hermeneutics makes it possible 
for the reader to study the work until full understanding is achieved (Palmer, 1969). 

 

2.3.2. Conducting Empirical Analysis with Hermeneutics 

In order to use a hermeneutic text analysis to understand the meaning of a text one must 
understand the meaning of the whole by understanding the meaning of its parts. This 
can be achieved by iterating between the parts until one also understands the whole, a 
technique that is known as the hermeneutic circle (Boland et al., 2010). 
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In order to fulfill this understanding there are certain things one must keep in mind. 
While reading the text, the reader must reflect upon the information discussed in the text 
as well as the external factors, which contributed to its creation. Of course, the reader 
still must take care to evaluate the accuracy of the text as well as look out for possible 
errors or omitted and/or added data to the text and make sure that he/she understands the 
words being used. This is especially important if the text uses technical language that 
the reader might not be familiar with. At the same time the reader must take into 
consideration external factors such as: who wrote this text and for what purpose? Or, 
what is the historical, cultural and socio-political context of the text? This is especially 
important as the distance in time between the original author and the reader grows 
bigger, the intended audience of the text as well as its meaning becomes separated from 
the original meaning (Boland et al., 2010). 

 One must also take into account that ones own prejudice influences you when you 
read a text. It is critical for the reader to understand that ones own history, views, biases 
and culture impacts of how one sees the world; in order to make a correct assumption of 
the text, one must be able to distinguish between true prejudices that we understand 
from false prejudices that we do not understand. In the same way one must think of the 
text in terms of linguistics. As certain words and expressions might have different 
meaning depending of the region and person (Boland et al., 2010). 

In order to perform a correct hermeneutic text analysis for this study, the empirical 
analysis was conducted as follows. Different sources were identified (see 2.3.3. Data 
Collection) and deemed credible (for further information on how the sources were 
deemed credible and was chosen go to 2.4. Source Validity). Each case used at least two 
but up to four independent sources to increase validity. These different sources were 
read multiple times and compared to each other until it was deemed that enough 
understanding of the parts was achieved in order to understand the whole. At first the 
texts were read with the intent of seeing the full picture. Then, the texts were read over 
and over again, focusing on the different detailed parts. After that, these full texts were 
read again in order to build a new full picture and then back again to focusing on the 
individual parts. This was iterated until no new information of the case was discovered 
and a full picture was considered to have been achieved. The sources were then 
compared to each other in order to identify explanations, add additional information to 
the case and to increase validity to the sources.  

 

2.3.3. Data collection 

The data collecting of this study was done first by academic literature on the topic of 
Information Inadequacy. Reading second hand information sources such as official 
documents and reports as well as some documentaries on the subject was the basis of 
the case study analysis. 

In the beginning of the study a university library database search of academic 
sources as well as a database search on Google scholar related to information 
inadequacy was conducted. Keywords used in this initial search was “framework, 
information system,” “frameworks for analyzing information systems,” “framework for 
analyzing failure in information system,” “framework for analyzing accidents in 
information systems,” “IT service managements” etc. In the end this search resulted in 
four different frameworks used to identify problems in information systems being 
presented. These are presented in 1.6. Theoretical Background. 
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The secondary data collection was a non-participative observation based on 
secondary sources such as reports, documents and documentaries on the three cases. 
Sources from organizations with deep understanding of the cases such as World Nuclear 
Association, United States Nuclear Regulatory Commission and the International 
Atomic Energy Agency, were prioritized. 

 

2.3.4. Using Kajtazi’s framework for analyzing lack of needed information 

After it was deemed that understanding of the cases had been achieved through the 
hermeneutic text analysis, Kajtazi’s framework for analyzing lack of needed 
information was used in order to find the similarities and differences between the cases. 
In Kajtazi’s work she already identified the core category of Information inadequacy as 
well as its subcategories through selective coding (see 1.6.4. Kajtazi’s framework for 
analyzing lack of needed information) as well as many concepts, theoretical codes and 
substantive codes. This defined framework was used as a basis for the understanding of 
Information Inadequacy in the beginning of the study. Later, during the analysis of the 
three cases the identified theoretical codes were matched with the theoretical codes 
identified by Kajtazi below. 

 

“1.  Social/Individual problems: intentional manipulation – explain irrational 
human behavior, at times followed by unawareness. 

2. Technological problems: technical malfunction – explain improper functioning of 
a technological system that may or may not be triggered by irrational human 
behavior. 

3. Legal problems: unethical exploitation – explain immoral human behavior to 
gain personal advantage. 

4. Political problems: intentional misinformation – explain irrational behavior that 
causes uncertainty. 

5. Economic problems: economic fraud – defines fallacious acts to gain personal 
advantage” 

The five theoretical codes as defined by Kajtazi (Kajtazi, 2011, p.4). 

 

The analysis then continued by comparing the codes identified in this study (further 
explained in 2.3.5. Conducting thematic analysis) with Kajtazi’s identified codes and 
concepts until all identified codes had been mapped. 

 

2.3.5. Conducting thematic analysis 

After the hermeneutic text analysis had been conducted, a deeper understanding of the 
cases had been achieved. When it was deemed that the cases were understood well 
enough, the information from the cases was used as a basis to identify key decision and 
actions that progressed the situation into an eventual core meltdown. This was done in 
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order to find the causality of the actions and/or decisions that aggravated the situations. 
This was performed in line with thematic analysis procedures were after an initial data 
collection, an active process of mapping data by selectively grouping certain aspects is 
performed (Grbich, 2010). Using the identified themes and terms identified by Kajtazi, 
2011, as reference, a block and file approach was conducted (Grbich, 2010). During the 
first stage of the block and file approach, a description of the case and cause of it was 
written down, named “origin” and “cause” in the tables. In the second stage, themes 
within these identified situations were underlined and later separated into columns and 
collected under general headings, which are presented in table 4.1 in chapter 4(Grbich, 
2010). By defining these codes, one could more easily see what similarities the cases 
had, as well as the ways in which they were different. 

The codes and columns identified in the previous analysis were subjected to analytic 
induction and were changed, omitted or merged, resulting in the substantive codes and 
concepts, which are presented in table 4.1 in chapter 4. These identified codes were then 
mapped together, forming a cluster of theoretical code and substantive codes under 
different concepts. These mapped out concepts were then mapped with Kajtazi’s 
identified concepts and theoretical codes to see if they already existed or not.  

In order to get a more visual representation of the results, conceptual mapping was 
done (Grbich, 2010). This provided a useful overview of the specific aspect of 
information inadequacy. 

The results were then compared with the results found by Kajtazi and matched 
accordingly. It turned out that most of the identified codes would fit into Kajtazi’s 
previously identified ones.  

 

2.4. Source Validity 

While gathering information on the three cases, many different independent sources 
were used in order to get many different views on the topic. Much of the information on 
the particular cases was collected from the Internet. Traditionally, science and research 
have relied on sources from published literature and peer-reviewed work, (Leth & 
Thurén, 2000) however these are not the only type of sources one need to rely on these 
days. These days, ordinary people with a connection to the Internet have instant access 
to much of humankinds collected knowledge. But with the free distribution of 
information comes free distribution of misinformation, incorrect information and 
misleading information. Just as it is important to critically review published works in 
form of books it is even more important to critically evaluate any sources used on the 
Internet. (Leth & Thurén, 2000) 

Torsten Thuren describes this problem of gathering reliable information on the 
Internet in his work “källkritik för internet.” He concludes by giving guidelines as to 
help analyzing if the sources are good enough to be used in research.  

First, it is important to look at the sources themselves. What are their motives? What 
credentials do they have? Who are the people running the website? Etc. The sources 
used to analyze the three cases in this study gathered information from documents 
provided by these following sites: World Nuclear Association, United States Nuclear 
Regulatory commission, International Atomic Energy Agency, The Communications 
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Network For Nuclear Energy And Ionizing Radiation, Online Ethics Center and the 
American Nuclear Society. 

In order to prove the validity of these websites here follows a rundown on the 
sources categorized by source. 

 

2.4.1. World Nuclear Association 

The world Nuclear Association, WNA, was created in 2001 with the intent of 
promoting nuclear energy and supporting companies that work in the global nuclear 
industry (World Nuclear Association, 2013). They do this by sharing knowledge and 
insights into the nuclear industry, developing new industrial operational best practices 
and representing the nuclear industry in public arenas (World Nuclear Association, 
2013). 

The site presents itself as being represented by the WNA and located in London; this 
is also confirmed as the organization and address that own the site (Network solutions, 
2013). The site also refers media questions to Jeremy Gordon, who has been working 
with world nuclear association for many years, and Ian-Hore Lacy whom has authored 
books such as “nuclear electricity” (Hore-Lacy, 2003). 

The presented information on the site about who they represent is confirmed with 
who owns the site. It is also evident that the people working for it are people who have 
credentials to do so with published works in the nuclear field. Their mission to 
“promote nuclear energy and support the industry” might indicate that it is slightly 
biased toward giving a positive picture of the field, which is important to acknowledge. 
This does however not take away on the credibility on the documents posted on the site 
as they are posted by academics with peer-reviewed published works in the field of 
nuclear energy.  

 

2.4.2. United States Nuclear Regulatory Commission 

As the name implies the United States Nuclear Regulatory Commission, USNRC, is a 
national organization situated in the United States of America. They describe their goals 
as to “ensure that the commercial use of nuclear materials in the United States is safely 
conducted. As part of the regulatory process, the four regional offices, conduct 
inspection, enforcement, and emergency response programs for licensees within their 
borders” (United States Nuclear Regulatory Commision, 2013). The commission 
consists of five persons with the chairman and official spokesperson being appointed by 
the president of the United States. This is an organization with no financial gain in the 
field of nuclear science instead it is set up set up by the United States government to 
regulate and control the use of nuclear material. 

This is an organization that is appointed by the United States government to 
formulate policies and regulations governing nuclear reactor and materials safety among 
other things. Given this is a nonprofit organization for the cause of regulating nuclear 
materials rather than promoting them, they give an interesting viewpoint. This is also 
the organization that wrote firsthand reports on the Three Mile Island accident, giving a 
valuable insight into the events.  
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The website uses a “.gov” address meaning that it represent official institutions such 
as governments. These might initially be considered to be trustworthy but it is also 
important to consider what they want to convey with their website. For instance a “.gov” 
website promoting a certain politician will most likely boast the candidates strong 
points and leave out his or her weaknesses (Leth & Thurén, 2000). 

 

2.4.3. International Atomic Energy Agency 

The International Atomic Energy Agency, IAEA, is an organization under the flag of 
the United Nations that seeks to promote “… the safe, secure and peaceful uses of 
nuclear science and technology” (International Atomic Energy Agency, 2013). It is an 
organization that is independent from any particular governments control and therefore 
not influenced by their laws and regulations. As with the previous sources used, the 
website is owned by the organization which it claims to represent (Network solutions, 
2013). The Director General of the IAEA, Yukiya Amano, has also been presented with 
the Nobel peace price for his contribution in preventing nuclear energy to be used in 
non-peaceful purposes (The Nobel Foundation, 2013). During the Fukushima Daiichi 
accident he agreed “on the necessity to disclose as much information as possible on the 
unfolding nuclear crisis in Fukushima” promoting international cooperation and 
information transparency (Tabuchi & Bradsher, 2011).  

 

2.4.4. Communication Network For Nuclear Energy And Ionizing Radiation 

The Communication Network For Nuclear Energy And Ionizing Radiation, NucNet, 
was created with the help of the European Nuclear Society in 1990 with the intended 
goal of providing journalists and researchers with accurate and rapid information about 
nuclear energy (The Communications Network for Nuclear Energy and Ionising 
Radiation, 2013). NucNet is an independent, nonprofit international organization that 
provides news and information related to nuclear energy globally. Their main working 
method is to not let the staff post any information other than information that has been 
independently verified at source. This is done as not to indulge in common gossiping or 
speculations that may be circulating in mass media. Following this tradition they do not 
repeat unconfirmed press reports (The Communications Network for Nuclear Energy 
and Ionising Radiation, 2013). 

Many international mass media organizations such as Reuters, BBC, CNN etc. uses 
the information provided by Nucnet. Having been featured in many different 
publications further validates them as a credible source. 

 

2.4.5. Online Ethics Center 

The Online Ethics Center for Engineering and Sciences provides literature, information, 
case studies, references and discussion groups on ethics in engineering. It is owned by 
national academy of engineering (Network solutions, 2013) (National Academy of 
Engineering of the National Academies, 2006) and has been used as a source on many 
academic works. 
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2.4.6. American Nuclear Society 

The American Nuclear Societies, ANS, goal is to “promote the awareness and 
understanding of the application of nuclear science and technology (American Nuclear 
Society, 2013). ANS has been in existence since 1954 as a nonprofit, international, 
scientific and educational organization that consists of engineers, scientists, 
administrators and educators from a wide array of backgrounds such as industrial and 
governmental (American Nuclear Society, 2013) (Network solutions, 2013). 

 

2.4.7. Nuclear Energy Agency 

The Nuclear Energy Agency, NEA, is an intergovernmental organization with members 
from 31 countries all over the world, which is based in Paris, France (Nuclear Energy 
Agency, 2013). Their mission is “to assist its member countries in maintaining and 
further developing, through international co-operation, the scientific, technological and 
legal bases required for a safe, environmentally friendly and economical use of nuclear 
energy for peaceful purposes. To provide authoritative assessments and to forge 
common understandings on key issues as input to government decisions on nuclear 
energy policy and to broader OECD policy analyses in areas such as energy and 
sustainable development.” (Nuclear Energy Agency, 2013).  

Given the international nature of NEA’s organization, it provides an interesting point 
of view, as its source is not colored by any particular countries cultural values. Even 
though their mission might indicate that they might be a bit biased to the advancement 
of peaceful use of nuclear power, their transparency and sheer number of members 
make it less likely that they will be untruthful of the events of the three cases used in 
this study. 

 

2.4.8. Facts, explanations and opinions 

Torsten divides information into three kinds, facts, explanations and opinions (Leth & 
Thurén, 2000). Facts being the unprocessed information of the events that occurred, 
explanations being the authors take on putting the facts into context and opinions being 
the authors own personal thoughts and ideas not necessarily based on the facts. A 
website does not need to be 100% free of opinions for it to be considered a reliable 
source but the higher amount of speculations and opinions on the site increases the 
likelihood of it not being fit to be used in scientific works (Leth & Thurén, 2000). The 
web sources used in this study consist of website versions of reports on the various 
accidents which are not colored with respective authors opinion and instead consist of 
facts and explanations. 

Torsten also talks about how the ending used in the various websites also plays a part 
in determining the credibility of the information presented on it (Leth & Thurén, 2000). 
All websites, except for the USNRC, has a “.org” ending.  This indicates that the 
websites belongs to an organization, and gives some credibility to the source to a certain 
degree compared to other endings such as “.com” or “.net” (Leth & Thurén, 2000). 
However it is not enough for a website to have a “.org” ending in order to be considered 
credible. The credibility of the website can be improved by analyzing its accuracy in its 
facts, the reasonableness of its opinions and the support of it, as in how often it gets 
updated etc. (Leth & Thurén, 2000). 



! 24!

Another way to increase the validity of the website sources is to use two independent 
sites to support each other (Leth & Thurén, 2000). Therefore this study uses at least two 
but up to four different independent sources in order to analyze one case. 

The web sources used in this study have also been used in previous studies and 
publications which indicated that the sources has already been through a quality control, 
as more people has taken part and accepted the contents of a source the validity of it 
increases (Leth & Thurén, 2000). 
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Chapter 3. Empirical Investigation 
Here three cases where the lack of needed information has led to dramatic 
consequences are presented; Three Mile Island, Chernobyl and Fukushima Daiichi. 
These cases were selected on three grounds; they all resulted in nuclear fuel melting in 
the reactors; they all had radiation leaking into the environment and they all occurred 
in organizations were there are strict protocols and IS supporting the staff which should 
prevent these sort of accidents from occurring in the first place 

A hermeneutic text analysis approach was chosen with a large variety of sources 
from documentary films, technical reports and news articles. After studying many 
different sources and reading about the events over and over again a deeper 
understanding of the cases was established. Once this understanding of the cases was 
deemed deep enough they served as a foundation for analysis. 

Any incident revolving nuclear or radioactive materials might result in more than just 
environmental and economical issues. The severity of a possible radiation leak might 
give rise to public concern, rumors, psychological stress and increased media coverage. 
Therefore the International Atomic Energy Agency and the Nuclear Energy Agency 
collaborated on constructing the International Nuclear and Radiological Event Scale 
(INES) by which you can easily categorize the severity of the incident. INES has 7 
levels. Starting from one as the least severe and then with each level the seriousness of 
the incident is increased. Levels 1-3 are called incidents and level 4-7 accidents 
(Spiegelberg-Planer, 2013). After each case description the official INES level will be 
presented.  

First, each case is presented with a general description of what happened. This is to 
give the reader a general understanding of the accident. Following the general 
description, a chronological description of the escalations of the accidents is presented. 
This is to give the reader an easy to follow bullet-point type of presentation of the case. 
These two presentations of each case helps to initially establish a general understanding 
of the case, and then a deeper understanding of the details of the case. 

At the end of each case description follows an analysis using Kajtazi’s, 2011, 
framework for information inadequacy. Here, situations caused by information 
inadequacy that escalated the accidents are presented.  

 

3.1. The Three Mile Island Nuclear meltdown accident 

March 28, 1979, the main feed water pump at the nuclear power plant on Three Mile 
Island stopped working at 4:00 am beginning the most serious commercial nuclear 
power plant accident in US history (see figure 3.1). As a result of the pumps not running, 
caused by either a mechanical or electrical failure, it prevented the steam generator from 
removing heat resulting in a buildup of heat in the core. Since the core was now 
building up heat without the main feed water pumps cooling it down the turbine and 
then the reactor automatically shut down. Immediately after shut down the pressure in 
the nuclear portion of the plant began to increase. As the pressure rises within the core, 
the pilot-operated relief valve, PORV (see figure 3.2), located on top of the pressurizer 
opened up, releasing steam and coolant water. After a certain amount of coolant water 
had been released the valve was supposed to close itself but did not. As the PORV 
opens the PORV light indicator turns on in the control room.  When the control order to 
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close the PORV had been sent the light turned off, resulting in the operators believing 
the PORV was closed. However, the PORV light had been designed to show that the 
control order had been sent, which it had, but it had not been obeyed (Modern Marvels: 
Inviting Disaster, 2003). As a result, the reactor core soon started to overheat. (NucNet, 
2009) (American Nuclear Society, 2012) (United States Nuclear Regulatory 
Commission, 2013). 

 

Figure 3.1: This (arrow) is where the main feed water pump stopped working. The failure resulted in the 
inner circle coolant water not getting cooled down enough, as the water was not flowing properly. This 
steadily built up heat and pressure in the nuclear area as the coolant turned to steam. As the pressure grew 
too great the PORV opened, releasing steam. However due to a mechanical malfunction the PORV never 
closed again thus continuously releasing coolant water. In time there was not enough coolant to cover the 
fuel rods and they soon overheated and melted. (United States Nuclear Regulatory Commission, 2013)  

 

Figure 3.2: A diagram representing the Three Mile Island second reactor. The TMI-2 reactor had two 
closed-water circuits, one that circulated in the nuclear area and one outside of the nuclear area that was 
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used to drive the turbine and cool the nuclear circuit. The steam generated in the water circuit in the non-
nuclear area drive a turbine that is connected to a generator and thus generates electricity. In case of too 
much pressure being created inside the circuit in the nuclear area, there is a PORV that opens 
automatically and release the excess steam. The PORV in the TMI-2 reactor did not close properly and 
thus the reactor was steadily leaking coolant water in the inner circuit. (United States Nuclear Regulatory 
Commission, 2013)  

 

The Three Mile Island plant did not have any instrument measuring how much water 
coolant was in the reactor, instead they measured only the pressure inside it. Since the 
pressure was high, because of the heat, the operators assumed that the reactor core had 
plenty of coolant. However, since the PORV was still opened, since the operators 
thought it was still closed, the water coolant dropped at an alarming rate and alarms 
rang and warning lights flashed. The operators got confusing information from their 
instruments and did not realize that they were experiencing a loss-of-coolant accident 
and instead made a series of decisions that made the situations worse by reducing the 
flow of coolant to the core. (NucNet, 2009) (United States Nuclear Regulatory 
Commission, 2013) 

As a result of the cooling water not covering the fuel rods completely, the nuclear 
fuel started to overheat rendering the zirconium cladding that holds the nuclear fuel 
pellets to melt, which in turn melted the pellets. It was later found out that about one-
half of the core melted during the early stages of the accident. (NucNet, 2009), 
(American Nuclear Society, 2012) (United States Nuclear Regulatory Commission, 
2013) 

The fact that the core was leaking coolant still was not understood until the shift of 
personnel later that day. But as soon as it was understood that the PORV was leaking 
coolant the operators opened the emergency water supply and the core was adequately 
cool and considered stable by the evening of march 28th. (NucNet, 2009) (United States 
Nuclear Regulatory Commission, 2013) 

Even though there was not much radiation being released into the environment, and 
the fact that no people died or got injured during the accident, the Three Mile Island 
accident was rated INES level 5, an “accident with wider consequences.” This is 
because of the extensive damage to the reactor caused by the melted fuel rods. 
(Spiegelberg-Planer, 2013) 

 

3.1.1. The turn of events in bullet point form  

04:00, March 28th: The main feed water pump stopped working, causing the alarms in 
the Three Mile Island control room to sound. The operators ignored the alarm. In 
retrospect this is considered to be one of the two independent system failures that lead 
to the nuclear meltdown. 

04:00:02, March 28th: The temperature and water pressure in the reactor core rises as 
the coolant water turns into steam. Effectively giving the secondary water feed loop job 
of removing heat. The operators considered the rise in pressure to be normal and 
ignored it. 
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04:00:03, March 28th: As the steam increases in the reactor core, the extra pressure 
causes the pressure relief valve (PORV) to open automatically. The excess steam gets 
released into a containment tank. 

04:00:04, March 28th: The secondary water feed pumps turns on automatically, 
which is indicated by a light in the control room.  However the operators are not aware 
of the pumps being disconnected and not functioning.  

04:00:09, March 28th: Boron and silver control rods are lowered into the reactor, 
reducing the amount of heat being produced. The PORV light goes out in the control 
room, the effect of which is that the personnel believe the valve to be closed, but the 
valve remains open. The reactor is now losing coolant but the personnel is not aware of 
this. 

04:02, March 28th: The Emergency Injection Water (EIW) safety system designed to 
ensure that the water in the core remains at a safe level in case of a Loss of Coolant 
Accident (LOCA) is automatically activated. Nonetheless the operators does not take 
this as a sign of being a LOCA as the EIW has turned itself on in the past even if there 
has been no leak. 

 04:04:30, March 28th: According to the measuring instruments the water level in the 
main coolant water loop is increasing while the pressure decreases. The operators 
therefore turn off the EIW system. However, steam and water is still being released 
through the PORV, which means that the water level is dropping. 

04:08, March 28th:  An operator notices that one of the valves on the secondary water 
feed loop is off and turns it on. Resulting in the secondary water loop to function 
properly. 

04:45, March 28th: Coolant is still being released through the PORV but the operators 
are not aware of this since their instruments falsely indicate that there is enough water in 
the primary loop. Operators are still not aware that this is a LOCA. 

05:20, March 28th: The coolant water in the primary loop has turned into so much 
steam that as it passes through the pumps they start to shake. The operators assume that 
the pumps are faulty and therefore turn of the pumps. This causes the coolant water to 
stagnant and causes the water closer to the core to heat up more rapidly, increasing the 
speed at which steam is formed. 

06:15, March 28th: The water level has dropped so much that the top of the reactor 
core is now exposed. The super hot steam reacts with the control rods and creates 
hydrogen and other radioactive gases. Since the PORV is still open the hydrogen leaks 
outside of the reactor. 

06:20, March 28th: As the next shift starts, the new operators arrive and notice that 
the PORV is still open. They close the PORV. Soon after they see indications of 
radiation being leaked. 

06:45, March 28th: The radiation alarm sounds and a site emergency is declared. The 
radiation level of the water at this time is 350 times the normal. The continued loss of 
coolant water has resulted in half of the control rods being exposed.  

09:00, March 28th: As the radiation levels continues to rise, a general state of 
emergency is declared.  Some of the operators feel that the temperature readings of the 
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core are erroneous and therefore there is confusion as to whether the core is uncovered 
or not. 

11:30, March 28th: Additional water is pumped into the primary loop and in order to 
release the increasing pressure they reopen the PORV. 

13:00, March 28th: The accumulated hydrogen in the containment structure reaches a 
critical point and explodes. Even though the operators heard the explosion it was 
actually thought by some to be a ventilator damper, so the explosion was dismissed as 
being a spike of electricity caused by an electrical malfunction. 

19:00, March 28th: The primary loop pumps get turned back on. The core 
temperature is back under control but a large portion of the control rods have melted 
and there is still hydrogen in the primary loop. 

(National Academy of Engineering, 2006) 

 

3.1.2. Analysis of the Three Mile Island Nuclear meltdown accident  

Here is a presentation of the selected situations where the outcome was due to 
information inadequacy. The coding from this table is further analyzed in chapter 4. 
These situations are all derived from the description of the events in chapter 3.1. Three 
Mile Island accident.  

Table 3.1 lists all the identified situations that escalated the Three Mile Island 
accident. These are listed under the “Empirical Situation” column. With each situation 
comes “origin,” which explains what happened in the situation in more detail, and 
“cause,” which goes into the details of what caused the situation to happen. Chapter 
2.3.5, “Conducting thematic analysis,” goes into further details on how this table was 
created. 

 

Table 3.1: A presentation of nine identified situations in the Three Mile Island case. 

No. Empirical Situation Origin and Cause of Situation  

1 The main water pump stopped working.  
  

Origin: The pumps stopped working 
unexpectedly. Without the pump, the 
turbine water could not remove heat 
from the reactor. 
Cause: The cause is to this day not 
known. However it has been 
speculated that it was a technical or 
mechanical error. 

2 Alarms ring at Three Mile Island but the staff 
disregards it.  
 

Origin: As the main feed water pump 
stopped working, the alarms in the 
Three Mile Island control room started 
ringing. The staff disregarded the 
alarm as not important. 
Cause: The operators disregarded the 
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alarm, as they did not believe it meant 
that the plant was experiencing a loss 
of coolant accident. 

3 Temperature and water pressure rise in the 
reactor core.  

Origin: the pressure rise in the reactor 
core as the coolant water turns into 
steam.  The significance of which was 
underestimated by the staff. 
Cause: The staff considered the 
temperature rise normal and did not 
consider it a problem. 

4 PORV does not close, resulting in loss of 
coolant. 
 

Origin: The control rods are lowered 
into the reactor reducing the amount of 
heat being produced. The PORV light 
goes out in the control room, which the 
operators misinterpret as the valve 
being closed, but the valve is still 
open. 
Cause: The valve does not close due 
to a probable technical malfunction. 

5 Control room instruments showing confusing 
information. 
 

Origin: As the PORV opens, the 
PORV light indicator turns on in the 
control room.  When the control order 
to close the PORV had been sent, the 
light turned off. This resulted in the 
operators believing that the PORV was 
closed. However, the PORV light had 
been intentionally designed to show 
that the control order had been sent, 
which it had, but it had not been 
obeyed.   
Cause: The PORV indicator showed 
confusing and misleading information 
that the operators misunderstood. 
(National Academy of Engineering, 
2006) 

6 When the feed pump failed, the emergency 
feed pump should have turned on to keep the 
turbine water flowing but it did not. With the 
loss of water (and no air or steam in the 
pressurizer) the pressure dropped. 
 

Origin: The emergency pump was 
tested 42 hours prior and was 
functional. However, to perform the 
test, workers must close a valve, 
perform the test, and then open that 
same valve. Apparently the workers 
forgot to open the valve so the 
emergency water did not flow.  
Cause: Due to workers misconduct 
they forgot to open the valve. 

7 Even though the automated Emergency 
Injection Water (EIW) safety system is 
turned on the staff does not take it as a Loss 
of Coolant Accident (LOCA). 
 

Origin: The EIW safety system 
designed to ensure that the water in the 
core remains at a safe level in case of a 
LOCA is automatically activated. The 
operators failed to see this as a sign of 
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being a LOCA 
Cause: The operators underestimated 
the significance of the EIW turning 
itself on, as the EIW has turned itself 
on in the past even if there has been no 
leak. 

8 The operators turn off the coolant water 
pumps, increasing the speed at which steam 
is formed. 
 
 

Origin: The operators turn off the 
primary loop coolant water pumps. 
This causes the coolant water to 
become stagnant and the water closer 
to the core to heat up more rapidly, 
increasing the speed at which steam is 
formed. The staff misinterprets this. 
 
Cause: The coolant water in the 
primary loop has turned into so much 
steam that as it passes through the 
pumps they start to shake. The 
operators wrongly assume that the 
pumps are faulty and therefore turn off 
the pumps.  
 

9 As the radiation levels continue to rise a 
general state of emergency is declared.   
 

Origin: Some of the operators feel that 
the temperature readings of the core 
are erroneous and therefore there is 
confusion as to whether the core is 
uncovered or not. 
Cause: Due to previous misreading on 
the instruments the operators were 
suspicious and confused if the 
instruments could be trusted. 
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3.2. Chernobyl Nuclear meltdown accident 

The 26th of April 1986 the 4th reactor at the Chernobyl nuclear power plant was 
destroyed during a safety system test. The accident was the result of a mix of poor 
design of the reactor as well as a lack of safety culture. There were safety rules but the 
operators disregarded these, as they did not comply with the operational procedures. 
The operators were also not informed of the dangers of the test, with the possibility of 
the reactor exploding, when disregarding the safety measures. (World Nuclear 
Association, 2012) (World Nuclear Association, 2009) 

On April 25th 1986 the 4th reactor (see figure 3.3) was shut down for routine 
maintenance. During the shut down of the reactor it was also decided that they were to 
conduct an experiment to see if the slowing turbine could generate enough power to 
operate the main core cooling water circulating pumps until the emergency diesel 
generators kicked in. (World Nuclear Association, 2012) (World Nuclear Association, 
2009) 

 

Figure 3.3: A diagram of the RBMK 1000 reactors used in Chernobyl. The reactor differs in two main 
ways from the reactors used in Three Mile Island and Fukushima Daiichi; it did not have an intervening 
heat exchanger, and there was no pressure vessel. Without an intervening heat exchanger the water was 
pumped straight to the fuel rods, were it boiled and turned into steam that traveled through the fuel 
channels were in the end it would make a turbine move and thus generate electricity. A pressure vessel 
would contain the fuel incase of a core meltdown, making the effect on the environment much less severe. 
(World Nuclear Association, 2012)  

 

This type of tests had been conducted before but the power generated from the 
turbines fell too rapidly, therefore it was decided that the test should be repeated with 
the new voltage regulators that they had developed. However, the team in charge of the 
test and the personnel in charge of safety were not coordinated well enough and had 
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problems with communicating. Resulting in operating personnel to not be alerted to the 
nuclear safety implications of the electrical test and its potential danger (World Nuclear 
Association, 2012)) (World Nuclear Association, 2009) 

The test called for shutting of the water for cooling the core by shutting off the 
reactors emergency core cooling system. This did not directly influence the accident but 
shows how lightly the operators disregarded operational safety procedures (World 
Nuclear Association, 2012) (World Nuclear Association, 2009) 

The shutdown proceeded, and when the reactor was operating at about half power, 
the electrical load dispatch refused further shutdown to continue, because the public 
demanded more power on the grid.  Around 23:00 on April 25th the grid controller 
agreed to a further reduction in power. (World Nuclear Association, 2012) (World 
Nuclear Association, 2009) 

The test was supposed to have started with a reactor stabilized at about 700-1000 
MWt before shutdown, but due to possible operational error the power fell to about 
30MWt at 00:28 on 26 April. A combination of xenon poisoning, reduced cooling void, 
and graphite cool down resulted in difficulty to increase the power to the level 
originally planned for the test. To compensate for this effect many of the control rods 
were withdrawn at 01:00. This is however a direct violation of the minimum operating 
reactivity margin but the operators may not have known this. 3 minutes later the reactor 
was stabilized at about 200MWt and it was decided that the test would be carried out at 
this power level.  (World Nuclear Association, 2009) 

“Calculations performed after the accident showed that the ORM (reactors operating 
reactivity margin) at 01:22:30 was equal to eight manual control rods. The minimum 
permissible ORM stipulated in the operating procedures was 15 rods. The test 
commenced at 01:23:04; the turbine stop valves were closed and the four pumps 
powered by the slowing turbine started to run down. The slower flow rate, together with 
the entry to the core of slightly warmer feed water, may have caused boiling (void 
formation) at the bottom of the core. This, along with xenon burnout, could have 
resulted in a runaway increase in power. An alternative view is that the power 
excursion was triggered by the insertion of the control rods after the scram button was 
pressed (at 01:23:40).” (World Nuclear Association, 2009) 

As the power exceeded 530MWt and continued to rise the power excursion rate 
emergency protection system signals came on at 01:23:43. As a result the fuel elements 
ruptured, which further increased power due to the increased steam generation. The 
pressure generated, as a result of several of the fuel channels being ruptured, caused so 
much pressure that it detached the 1000 ton reactor support plate, in turn jamming the 
control rods stuck halfway down the generator. This caused the channel pipes to rupture, 
resulting in mass steam generation as the reactors cooling circuit depressurized. (World 
Nuclear Association, 2009) 

A steam explosion followed, and three seconds later another explosion was heard, 
possibly from the build-up of hydrogen due to zirconium-steam reactions. This caused 
multiple fires to start as well as spreading radioactive fuel and other structural materials 
into the atmosphere as the generator was exposed, see figure 3.4. (World Nuclear 
Association, 2009) 
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Figure 3.4: Chernobyl after the accident. The UBS is the 5000-ton heavy concrete slab that was 
resting above the reactor. Since there was no pressure vessel containing the reactor, once it exploded the 
UBS lifted and the opened reactor was exposed to the elements, leaking huge amounts of radioactive 
material to the environment (World Nuclear Association, 2012)  

 

The Chernobyl accident was such a severe accident that IAEA decided to develop 
new criteria to the INES scale so that less severe and more localized accidents were able 
to separate from the Chernobyl accident. Two men working at the plant died the night 
of the accident and another 28 people died the following weeks from radiation 
poisoning (World Nuclear Association, 2012).   Its widespread impact on both people 
and the environment landed it on INES level 7, a major accident, which is the highest 
level there is. (Spiegelberg-Planer, 2013) 

 

3.2.1. The turn of events in bullet point form  

01:06, April 25th: A scheduled test on the 4th reactor is carried out while it is shut down 
for routine maintenance. The test is meant to see if a single turbine can generate enough 
power to run the coolant pumps until the diesel generators turn on. As part of the test 
the operators start reducing power from the nominal 3200 MW. 
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03:47, April 25th: Thermal power in the generator drops down to 1600 MW and the 
lowering of reactor power is halted. 

14:00, April 25th: The test continues with the emergency core cooling systems being 
disconnected. This did not contribute to the accident but had it been available the impact 
of the accident might have been slightly reduced. The power was to be dropped further 
but due to a sudden demand of electricity on the grid the reactor power level was 
maintained at 1600MWt and the experiment was postponed. If this had not happened 
the test would have been carried out during the day shift. 

23:10, April 25th: Reduction of power is resumed.  

24:00, April 25th: The staff changed to the night shift. 

00:05, April 26th: Reactor power level is now at 720MWt. Even though running the 
reactor on less than 700MWt was prohibited, the operators continued to decrease the 
power. 

00:28, April 26th: When the power had dropped to around 500MWt, control was 
transferred from manual to the automatic regulating system. Either the operator failed to 
set the “hold power at required level” setting or the automatic system failed to respond 
to this command, because an unexpected rapid drop of power followed. The reactor 
dropped down to 30MWt. 

00:43:27, April 26th: In accordance to the test perimeters the generator trip signal is 
blocked. 

01:00, April 26th: The operators manage to raise the power up to 200 MW, however 
the results of running the generator at such low power has resulted in a build up of 
xenon gas. In order to compensate for the build up of gas the control rods are retracted 
more than allowed by regulations. At this point an emergency shutdown would take 
around 20 seconds, however the test is still not terminated. 

01:03, April 26th: As part of the test the standby main circulation pump was switched 
into the left hand cooling circuit to increase the flow of coolant to the core. 

01:07, April 26th: As part of the test another cooling pump was switched into the 
right hand cooling circuit. The increased coolant flow to the reactor lowered its 
temperature and thus decreased its reactivity.  This made it necessary to further remove 
rods to prevent power level failure. The flow of coolant from the pumps exceeded their 
allowed limits and the increased core flow lead to problems in the steam drum. 

01:19 (approx.), April 26th: In order to compensate for the problem in the steam drum, 
the operators increased feed-water flow but at the cost of further reducing reactivity in 
the reactor. The automated system tried to compensate for the reduced reactivity by 
raising control rods but it was not enough. Therefore the operators manually raised 
more control rods. This caused the pressure to drop. In order to stabilize it, the operators 
turned off the steam turbine bypass valve. While they were doing this they also 
deactivated the automatic trip system to the steam drum as they were having trouble 
with the pressure and level control. 

01:22:30, April 26th: Studies conducted after the accident shows that around this time 
the ORM was eight control rods. Operating policy required a minimum ORM of 15 
control rods. 
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01:23 (approximately), April 26th: By now generator power is within the approved 
output allowed for the test and the test commences.  

01:23:04, April 26th: In accordance to the test the turbine stop valves closes and the 
slowing turbine powers the coolant pumps. This results in reduced water coolant going 
through the core, which leads to a build up of heat in the coolant water. As a result, 
reactor power rises. 

01:23:40, April 26th: Power rises too quickly and the operators try to reduce output 
by initiating an emergency shutdown by inserting the control rods into the core. The hot 
control rods quickly heat up the already over heated cooling water, resulting in even 
more power outage due to increased steam pressure. 

01:23:43, April 26th: Power exceeded 530MWt. Emergency system signals turn on. 

01:23:46, April 26th: The main circulating pumps are disconnected. 

01:23:47, April 26th: Sharp increase of pressure in the steam separator drums 

01:23:48, April 26th: The automated system acts to the critical steam pressure by 
dumping steam to condensers. 

01:24 (approximately), April 26th: Fuel channels rupture further increasing pressure 
which in turn detached the reactor roof in a steam explosion. A hydrogen explosion 
follows right after, starting many fires in the reactor as well as the building. The reactor 
is now exposed to the environment.  

6th of May: The fire has been put out and the reactor has been covered by 5000-ton of 
boron, dolomite, sand, clay and lead. 

(World Nuclear Association, 2012) (World Nuclear Association, 2009) 

 

3.2.2. The political situation in the USSR 

In order to fully understand some of the actions that took place during the Chernobyl 
accident, one must also have a basic understanding of the living situation in the former 
USSR. As this is not the main topic for this study, this section is not meant to describe 
the USSR living conditions in full but is meant to serve as a basis to understand why 
some of the decisions or actions that are described in this chapter took place. 

“Just as Eskimos have many words to describe snow, soviets had a rich vocabulary 
for illegal and semi legal transactions” (Eaton, 2004, p.126) 

With the communist rule in the USSR, the government would directly provide 
everything a citizen would want or need. Officially everyone was entitled to the same 
amount of basic resources, such as food, but in real life this varied between region as 
well as your social rank and profession. This would lead up to black markets and 
bartering outside of the official government provided distribution chains coming into 
existence, where citizens would sell resources that people needed in exchange for 
services or other goods. Western products and American currency was especially rare 
and therefore sought after. Privately operated profit making enterprises were also illegal. 
This included things as owning a building and rent out the apartments for profit, as this 
was not a service that was supposed to be needed since everything was to be subsided 
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by the state. Despite this, people managed to get around the governmental regulations 
and still continued with their private profit endeavors by bribing officials with western 
liquor, wine, chocolate, cigarettes etc., in order to get them to look the other way. 
(Eaton, 2004) 

Even if you aimed to follow the rules of the system, it would still take years in order 
to get items deemed “luxury” by the state, such as cars, apartments, washing machines 
etc. Even hospitals had problems just keeping a basic medical supply at hand, and it was 
common for hospitals to order in more syringes or other small items in order to barter 
with other hospitals for what they really needed. (Eaton, 2004) 

“[At hospitals] even common household medicine cabinet staples were hard to find: 
bandages, absorbent cotton, thermometers, iodine. Hospitals resorted to desperate 
measures to get needed supplies”(Eaton, 2004, p.184) 

Keeping this in mind, living in the Soviet Union eased people into breaking rules to 
the point that it was no longer taboo. When similar situations arose at Chernobyl, where 
the operators were instructed to take actions outside their official rules and regulations, 
it was not seen as something out of the ordinary.  

!
3.2.3. Analysis of the Chernobyl Nuclear meltdown accident 

Here is a presentation of the selected situations where the outcome was due to 
information inadequacy. The coding from this table is further analyzed in chapter 4. 
These situations are all derived from the description of the events in chapter 3.2. 
Chernobyl Nuclear Meltdown accident.  

Table 3.2 lists all the identified situations that escalated the Chernobyl accident. 
These are listed under the “Empirical Situation” column. With each situation comes 
“origin,” which explains what happened in the situation in more detail, and “cause,” 
which goes into the details of what caused the situation to happen. Chapter 2.3.5, 
“Conducting thematic analysis,” goes into further details on how this table was created. 

 

Table 3.2: A presentation of eight identified situations in the Chernobyl case.  

No. Empirical Situation Origin and Cause of Situation  
 

1 The operators retract too many control rods, 
resulting in xenon gas build up. 
 
 

Origin: The operators manage to raise 
the power from 50MW up to 200 MW. 
However, the results of running the 
generator at such low power has 
resulted in an unforeseen build up of 
xenon gas. In order to compensate for 
the build up of gas, the control rods are 
retracted more than allowed by 
regulations.  
Cause: The operators ignore 
regulations by raising more control 
rods than allowed. (World Nuclear 
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Association, 2009) 
2 The hot control rods are inserted into the core 

too fast, resulting in a surge of power outage. 
Origin: Power rises too quickly and 
the operators try to reduce output by 
initiating an emergency shutdown by 
inserting the control rods into the core. 
The hot control rods quickly heat up 
the already over heated cooling water 
resulting in even more power outage 
due to increased steam pressure. Due 
to the political situation in the USSR 
violation of set policies was considered 
normal. (International Nuclear Safety 
Advisory Group, 1992) (Eaton, 2004) 
Cause: A combination of carelessness 
and a lack of respect of set policies 
from the superior. (International 
Nuclear Safety Advisory Group, 1992) 
 

3 The Soviet-designed RBMK Chernobyl 
reactor did not have a reactor containment 
vessel like its western counterparts such as 
Three Mile Island or Fukushima Daiichi. 
 

Origin: Western scientist had warned 
the Soviet that the RBMK reactors 
were unsafe and needed a containment 
vessel, but Soviet scientist who 
claimed the reactor was safe debunked 
this. 
Cause: Due to the design of the 
RBMK reactor being deemed safe by 
the Soviet Nuclear Science Ministry, 
Soviet scientist was not willing to 
consider the reactors as being unsafe 
as it was deemed by the West.  
The cold political climate between the 
East and the West did not encourage to 
open discussion about the subject and 
instead it became a discussion over 
which government was right in their 
estimation.  
 (World Nuclear Association, 2012) 

4 Operators were uninformed of the dangers of 
the test 
 

Origin: A general lack of 
understanding of how severe the 
consequences would be if a core 
meltdown would happen from the 
operators. (International Nuclear 
Safety Advisory Group, 1992) 
Cause: Due to the strict political 
situation in the Soviet Union, people 
were used to break rules daily. 
Overstepping policies at the workplace 
was no exception. The operators were 
kept in the dark of the true nature of 
the consequences of a nuclear 
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meltdown. (International Nuclear 
Safety Advisory Group, 1992) (Eaton, 
2004) 

5 The team in charge of the test and the 
personnel in charge of safety were not 
coordinated well enough and had problems 
with communicating.  

Origin: This type of tests had been 
conducted before but the power 
generated from the turbines fell too 
rapidly, therefore it was decided that 
the test should be repeated with the 
new voltage regulators that they had 
developed. However, the team in 
charge of the test and the personnel in 
charge of safety were not coordinated 
well enough and had problems with 
communication. Resulting in operating 
personnel to not be alerted to the 
nuclear safety implications of the 
electrical test and its potential danger 
Cause: Due to a sudden demand of 
power on the grid during the early 
stages of the test, the test was 
postponed until the next shift started. 
Thus the operators conducting the test 
were not prepared. 

6 The operators shut off the reactors 
emergency core cooling system while the 
reactor was providing energy to the grid. 
Against proper procedures. 

Origin: The test called for shutting of 
the water for cooling the core by 
shutting off the reactors emergency 
core cooling system. This did not 
directly influence the accident but 
shows how lightly the operators 
disregarded operational safety 
procedures, as power was needed on 
the grid but running without the 
reactors emergency core cooling 
system. 
Cause: Another example that shows 
how the political situation in the USSR 
caused the operators to ignore proper 
operational procedures (World Nuclear 
Association, 2009) (Eaton, 2004) 

7 The reactor dropped down to 30MWt. Origin: When the power had dropped 
to around 500MWt, control was 
transferred from manual to the 
automatic regulating system. Either a 
technical failure or an individual 
failure.  
Cause: Either the operator failed to set 
the “hold power at required level” 
setting or the automatic system failed 
to respond to this command, because 
an unexpected rapid drop of power 
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followed.  
8 Too many control rods were withdrawn from 

the reactor to compensate for difficulty in 
increasing power. 

Origin: A combination of xenon 
poisoning, reduced cooling void, and 
graphite cool down resulted in 
difficulty to increase the power to the 
level originally planned for the test. To 
compensate for this effect many of the 
control rods were withdrawn.  Either a 
misinformed mistake or a policy 
violation 
Cause: the removal of control rods is a 
direct violation of the minimum 
operating reactivity margin but the 
operators may not have known this. 
 

 

3.3. Fukushima Daiichi Nuclear meltdown accident 

March 11, 2011, a 9.0 magnitude earthquake hit outside of the east coast of Japan. 
Following the major earthquake a 15-metre tall tsunami wave hit the eastern coast of 
Japan as well as the Fukushima Daiichi nuclear power plant. (World Nuclear 
Association, 2013) (Nuclear Energy Agency, 2012) 

The power plants reactor proved robust enough to survive the earthquake but the 
following tsunami wave cut of power from the grid and flooded the backup generators. 
With the power cut off the reactors slowly heated up enough over the passing days and 
ended up melting 3 reactors as well as causing hydrogen gas explosions and leaking 
radiation into the environment. (World Nuclear Association, 2013) (Nuclear Energy 
Agency, 2012) 

The Fukushima Daiichi Nuclear reactor was a boiling water reactor. The second 
most common type of reactor after pressurized water reactors (such as the one used in 
Three Mile Island). In a boiling-water reactor core, water heats into steam that drives a 
turbine that generates electricity. In a Pressurized water reactor the reactor core water is 
sealed and is not designed to turn into steam. Instead, it is meant to transfer its heat to a 
low-pressure water system that turns into steam and drives a turbine (World Nuclear 
Association, 2013). 

The Fukushima Daiichi power plant has 6 reactors, two of which were in a “cold 
shutdown” state meaning that they were not in use but still required pumped cooling. As 
a result of the tsunami hitting the power plant 4 reactors got destroyed and in 3 of them 
the core melted. (World Nuclear Association, 2013) (Nuclear Energy Agency, 2012) 

When the Fukushima Daiichi power plant was built in 1967 they used the 1960 Chile 
tsunami as reference when planning anti-tsunami measures. The tsunami in Chile was 
3.1 meters high, and with that in mind they built the plant 10 meters above sea level and 
placed the seawater pumps 4 meters above sea level. In 2002 the design was revised to 
5.7 meters or more, and the old sea pumps were sealed. The tsunami in 2011 measured 
up to a height of 23 meters at point of origin and about 15 meters when it hit the 
Japanese coast. (World Nuclear Association, 2013) (Nuclear Energy Agency, 2012) 
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In the 1960s when the tsunami countermeasures where taken, the data from which 
they were designed on were considered acceptable in relation to the scientific 
knowledge back then. But since the construction of the plant, scientific advances has 
showed that tsunamis like the one following the June 1896 7.6 magnitude earthquake in 
the same region produced a tsunami with a height of 38 meters. But these new scientific 
knowledge’s was never acted upon by TEPCO or the Japanese government. Even 
though it was well known that the area frequented in big earthquakes averaging with 
one big one every 12 years. Despite these concerns and new recommended guidelines 
from IAEA that urged TEPCO to adapting the plant to higher tsunami levels neither 
TEPCO nor the Japanese government chose to act upon them. (World Nuclear 
Association, 2013) (Nuclear Energy Agency, 2012) 

A couple of days after the accident the Japanese Nuclear & Industrial Safety Agency 
declared the Fukushima Daiichi reactor 1-3 accident as a level 5 – an accident with 
wider consequences (the same as Three Mile Island) on the INES scale.  This was 
changed to a level 7 – a major accident (the highest level on the scale and same as 
Chernobyl) a month later. The reason for the change is that new data suggested that the 
amount of radiation released into the environment was so high that it warranted a level 7 
classification. (World Nuclear Association, 2013) (Nuclear Energy Agency, 2012) 

 

3.3.1. The turn of events in bullet point form 

14.46 on Friday 11 March 2011 a magnitude 9.0 earthquake hit outside of the east coast 
of Japan. As soon as the earthquake hit, all the operating nuclear power plants in the 
vicinity shut down automatically. An inspection following the earthquake revealed that 
no damage was sustained to the reactors from the seismic activity caused by the 
earthquake. All six eternal power sources were lost due to the earthquake so the diesel 
backup generators turned on. (World Nuclear Association, 2013) 

15.42 March 11, a 15-metre tsunami hit the east coast of Japan, flooding the 
Fukushima Daiichi power plant. The wave disabled 12 out of 13 back-up generators 
located in the basement of the power plant, resulting in a station blackout. The residual 
heat removal cooling system, designed for dumping reactor decay heat in to the sea, was 
also flooded by the tsunami and rendered not operational. Without sufficient heat 
removal, large amounts of steam began to build in the reactor, which was released into 
the dry primary containment (PCV) through safety valves. As the water levels dropped 
and the fuels zirconium cladding was exposed to the steam, hydrogen was also 
produced and let out in the PCV. (World Nuclear Association, 2013) 

18:00 March 11, Water coolant levels dropped to the top of the fuel rods in unit 1. 

19:03 March 11, a nuclear emergency was declared. 

19:30 March 11, Water coolant levels dropped below the fuel rods in unit 1. The fuel 
rods reach a core temperature of 2800 degrees Celsius and begin to melt. 

20.50 March 11, people within a 2km radius of the plant were evacuated. 

21:23 March 11, evacuation zone is extended to a 3 km radius. 

5:44 12th of March, evacuation zone is extended to 10 km radius. 
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7:00 March 12, most of the fuel in unit one has melted and fallen into the water at the 
bottom of the reactor pressure vessel. 

11:00 March 12, the main backup water injection cooling system in unit 3 failed. 

14:30 March 12, pressure continues to rise in unit 1 as steam continues to develop. 
The steam, along with noble gases, aerosols and hydrogen was vented in order to relieve 
pressure. The steam was supposed to be vented outside of the building but due to the 
power blackout much of the steam flowed back to the service floor on top of the reactor 
building. 

15:36 March 12, as the hydrogen on the service floor on top of the reactor building in 
unit 1 mixes with the air, a hydrogen explosion blows of the roof and cladding on the 
top of the building. 

18:25 March 12, evacuation zone is extended to 20 km. 

Early on March 13th, the water levels in unit 3 dropped dramatically as water 
injection using the high-pressure system failed. Pressure in the reactor pressure vessel 
(RPV) was reduced however by venting steam into the wetwell (see figure 3.5) allowing 
the use of a fire pump to inject seawater into the RPV. 

 

Figure 3.5: A diagram of the layout of the Fukushima Daiichi power plant reactor rooms. Showing the 
reactor, the pressure vessel and the location of both the dry- and the wetwell (World Nuclear Association, 
2013). 

 

9:00 March 13, the core in unit 3 takes damage from lack of coolant. 

Later on March 13th, pressure was vented from unit 2 and in order to prevent a 
hydrogen explosion similar to the one in unit 1 the day before, a blowout panel on the 
top of the building was opened. 
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Early on the 14th of March, the PCV in unit 3 was vented, however the steam flowed 
back into the service floor of the building resulting in a build up of hydrogen gas. 

11:00 March 14, a very large hydrogen explosion occurs in unit 3, blowing off the 
roof, walls and demolishing most of the building resulting in spread of radiation. 

13:00 on March 14 the steam-driven back up water injection system failed in unit 2. 

20:00 March 14, the loss of cooling in unit 2 has gotten to the point of where the core 
starts to get damaged. 

Early on the 15th of March, probably due to a hydrogen explosion, the pressure 
suppression chamber underneath the reactor ruptured. Leading to the drywell 
containment pressure inside of it dropping. 

6:00 March 15, another hydrogen explosion occurred in unit 4 adjacent to unit 3. 
Unit 4 was defueled at the moment but the hydrogen probably built up from backflow 
of steam from unit 3 through the shared vents as they vented steam. The explosion 
further damaged the unit 3 building. 

19:00 March 15, most of the fuel in unit 2 has melted and fallen into the water in the 
bottom of the RPV. 

(World Nuclear Association, 2013) (Nuclear Energy Agency, 2012) 

 

3.3.2. Analysis of the Fukushima Daiichi Nuclear meltdown accident 

Here is a presentation of the selected situations where the outcome was due to 
information inadequacy. The coding from this table is further analyzed in chapter 4. 
These situations are all derived from the description of the events in chapter 3.3. 
Fukushima Daiichi Nuclear Meltdown accident.  

Table 3.3 lists all the identified situations that escalated the Fukushima accident. 
These are listed under the “Empirical Situation” column. With each situation comes 
“origin,” which explains what happened in the situation in more detail, and “cause,” 
which goes into the details of what caused the situation to happen. Chapter 2.3.5, 
“Conducting thematic analysis,” goes into further details on how this table was created. 

Table 3.3: A presentation of three identified situations in the Fukushima case.  

No. Empirical Situation Origin and Cause of Situation  
 

1 Placement of backup generators was poorly 
chosen. 

Origin: The placement of the 
emergency diesel backup generators 
was placed 4 meters above sea level, 
which was deemed enough by TEPCO. 
An unexpected tsunami measuring 15 
meters high rendered 12 of the 13 
generators useless.  
Cause: Even though new data 
suggested that the tsunami 
countermeasures were not enough, the 
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tsunami threat was underestimated and 
the guidelines was disregarded by 
TEPCO.  
 

2 Vented steam flowed back into the building 
causing a buildup of hydrogen gas that 
resulted in an explosion. 

Origin: Due to the tsunami cutting off 
all power supplies, the power blackout 
causes the steam to not vent properly. 
Cause: The staff did not foresee that 
the steam would flow back into the 
building as a result of the power 
blackout. 
 

3 TEPCO and the Japanese government 
ignored IAEA guidelines of improvement 
that might have prevented the damage caused 
by the tsunami. 
 

Origin: As new scientific data 
surfaced that proved that the tsunami 
counter measurements was not enough 
it was presented to TEPCO and the 
Japanese government. But due to 
possible economical or political 
reasons the counter measurements was 
not improved upon.  
Cause: Even though new data 
suggested that the tsunami 
countermeasures were not enough, the 
tsunami threat was underestimated and 
the guidelines was disregarded by 
TEPCO.  
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Chapter 4. Discussion of the Research Results 
Here the coding of the three cases in the previous chapter is presented all together. 
Because these three cases are complex in nature, tables and diagrams are presented for 
easier understanding.  

 

4.1. Identifying a new concept 

As a result of this analysis, a new concept for Kajtazi’s framework for information 
inadequacy has been identified: uncoordinated. The meaning of which is that the staff 
working together at the time were either not educated in the procedures of the work they 
were doing and/or were working with new personnel that did not know proper 
procedures. The confusion caused by this results in needed information remaining 
undelivered. 

A good example of information not being delivered as a reason of the staff being 
uncoordinated is the Chernobyl case. Due to the test being postponed, the night staff 
had already relieved the personnel who were intended to carry out the test. The night 
shift then had to carry out the test, though they were not fully informed on the risks or 
procedures behind it. Being uncoordinated led the staff to be confused and isolated 
when problems occurred, resulting in important information being undelivered. 

Kajtazi, 2011, identified four subcategories under information lack: information is 
nonexistent, information is insufficient, information is censored and information is 
undelivered. In the above-mentioned Chernobyl situation from which the new concept 
was derived, the information was not delivered to the right recipient. Kajtazi 
differentiate undelivered cases by separating them by two concepts: refusal and 
inattentive, with “refusal” meaning that the sender intentionally refused to deliver the 
information, and “inattentive” meaning that the information is not delivered due to the 
sender being unaware of its existence (Kajtazi, 2011). However, this situation does not 
fit into either of the previously mentioned established concepts. As the staff were aware 
of the information, it does not fall under the inattentive concept, but they did not 
intentionally refuse to forward the information to its intended receiver either. It is 
evident that another concept to complement the existing concepts is necessary. 

The new concept is characterized by the information being present and understood 
by the sender. However, the sender does not send the information to the correct 
recipient. This is because the sender group and the receiver group do not know fully 
what the other group is doing. Therefore they do not know what information they might 
need or at what time, which results in the information being undelivered. Given the 
descriptive situation of the case, with the two groups of workers being unprepared to 
work with each other due to being uncoordinated, it felt like a suiting name to describe 
the concept. 
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4.2. Identifying underlying reasons 

In line with Kajtazi’s argument that most cases of information inadequacy have been 
caused by human factors, this investigation shows much of the same. In this study, 
political and social/individual reasons stands as the majority, causing 80% of the 
problems in the identified situations. The remaining 20% were caused by technological 
malfunctions, most of which occurred in the earlier Three Mile Island case. This shows 
that as time has progressed, the occurrence of technological malfunctions has 
diminished. Perhaps this shows that the nuclear energy organizations have learned from 
past mistakes and adjusted their hardware accordingly.  

 

4.2.1. Identifying underlying reasons: Three Mile Island 

Looking at the Three Mile Island incident, we see that it was triggered and made 
worse by various unforeseen technical problems. This sets it apart from the other two 
cases that did not have much technical problems. The technical problems that triggered 
the incident were made worse with a combination of the human err factor and 
vagueness of the information coming from poorly designed instruments that showed 
misleading information. Even though these problems made the situation worse, it is 
evident that the staff did their best and there does not seem to be much political reasons 
for the accident. Unlike the other two cases, during the Three Mile Island accident, the 
government and Met-Ed were transparent to the public about what they believed to be 
the status of the accident. In retrospect, much of the information they handed out to the 
media turned out to be wrong and the situation was in fact worse than they thought. 
However, this was caused by incorrect estimates due to the confusion occurring at the 
plant, not because they were trying to hide the truth to the public for political reasons 
(Corey, 1979). 

 

4.2.2. Identifying underlying reasons: Chernobyl 

At Chernobyl, it is evident that personal interests got in the way of set rules and 
guidelines. People were too caught up in protecting themselves when things started to 
go wrong; so much so that instead of contacting their superior in order to lessen the 
impact of the tragedy, they kept silent for as long as possible until the information 
reached the superiors from other channels. For instance, the person in charge on 
location at Chernobyl did not contact Moscow about the situation for days (Medvedev, 
1994). When contacted by them, he said that the measured radiation was 3.6 roentgens 
per hour. However, the Geiger counter used to measure radiation only went up to 3.6 
roentgens per hour and the technicians conducting the measurements reported that the 
real radiation levels were most likely much higher than that (Amidon Lusted, 2011) 
(Medvedev, 1994). So due to this person’s personal political reasons, he decided to not 
tell the whole truth, as it would have jeopardized his career and future. Another grave 
problem that also further explains why people so easily disregarded rules and guidelines 
was the social and political climate of the USSR. The strict rations in the USSR, where 
everyone was entitled to the same amount, gave an uprise of problems, as the supply of 
resources was not always greater than the demand. Therefore, Soviet citizens had taken 
custom to breaking rules on a daily basis to combat the USSR’s inefficient bureaucracy. 
Similarly, when the operators at Chernobyl were ordered to perform actions that went 
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against the set rules and guidelines of the power plant, it was not considered out of the 
ordinary.  

Disregarding the rules in such a manner as well as a cover-your-own-skin attitude 
was not exclusive to just ordinary people; the trail followed all the way up to the 
politicians in Moscow. As the higher ups in the government got filled in on the situation, 
they aimed their efforts into covering it up rather than trying to minimize the damage 
(Amidon Lusted, 2011) (Medvedev, 1994). For instance, the USSR did not officially 
confirm the accident until a cloud of radioactive dust moved over Scandinavia and a 
Swedish military aircraft measured high levels of radiation, at which point they began to 
suspect that there had been a nuclear accident in the USSR (Foyen, 1986). After the 
accident, the government set up a group to investigate the accident to see who or what 
was to blame. However, due to the cultural/political situation of the USSR, the people 
who were put to blame was not the chief operator in charge of the test. Instead, they 
placed the blame on the operators that were pushing the buttons in the control room 
(Associated Press, 1986). These people were easy to blame as they had died in the 
following days of the disaster due to lethal levels of radiation, which was a result of 
them trying to manually turn off valves in the main reactor as to further minimize the 
spread of radiation. So instead of receiving gratitude for their efforts, they ended up 
becoming scapegoats.  

 

4.2.3. Identifying underlying reasons: Fukushima Daiichi 

At the time of building the Fukushima Daiichi power plant, precautions were taken 
to minimize damage from possible tsunamis and earthquakes. With the data and 
knowledge available at the time, TEPCO managed to fulfill and exceed the 
recommended requirements of tsunami defenses that had been presented to them. They 
did this by building walls and placing backup generators way out of reach of the 
hypothesized tsunami. As our knowledge about tsunamis and earthquakes grew 
however, it became obvious that, at the place of the Fukushima Daiichi power plant, it 
was possible that even bigger tsunamis could appear; tsunamis so big that they would 
not be held back by the existing tsunami defense walls. This information was passed on 
to TEPCO and the Japanese government many times from both internal Japanese 
organizations and from international ones such as IAEA. They were even handed 
solutions as to improve on the existing precautions but these suggestions were 
disregarded, either due to economical or personal political reasons for the people in 
charge, or due them to not believing the reports that were handed to them. Either way, 
in the end it led to them not being prepared for a tsunami of that magnitude. The 
tsunami that hit the power plant in 2011 was taller than the walls protecting the power 
plant. The tsunami managed to cut off power from the grid and immediately flood most 
of the backup generators, rendering the power plant without power. However, it does 
seem that given what they had to work with, the people working at the plant made the 
right decisions, often sacrificing the need of the one for the wellbeing of many. For 
instance, senior citizens volunteered to cleanup the aftermath as to not expose the young 
workers to dangerous radiation (Lah, 2011). The chief operator in charge at the accident 
even disobeyed a direct order when he decided to use seawater to cool down the 
reactors when there was not enough coolant (McCurry, 2011) (Onishi & Fackler, 2011). 
This course of action was objected by the superiors at TEPCO as this would render the 
equipment useless and unsalvageable, but the chief operator did so even though it would 
ruin his political career. In spite of these honorable deeds however, the Japanese 
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government took a similar approach as the Soviet did by using a “don't lose face” 
approach, understating the severity of the situation in the media (Westlake, 2012) 
(Onishi & Fackler, 2011). 

 

4.3. Summary of underlying reasons 

Comparing these three cases together, we can see that there is some progress taking 
place. At Three Mile Island, the main culprit was a mix of unforeseen technical 
problems that were made worse with staff making the wrong decisions because of 
insufficient training and instruments presenting confusing information. Overall, the 
company and government were relatively transparent in forms of what was going on, 
compared to the other two cases. In the Chernobyl case, the major problem was not 
technical problems, but instead cultural and political ones. The USSR were so 
concerned with not looking weak in the eyes of the West that they refused to listen to 
suggestions of improvement given by western scientists, outright throwing claims that 
their design posed no health hazard. The accident itself was not caused by technical 
problems; rather, it was the staff that pushed the generator to its limits, way beyond its 
regulated safety limits, because they were socially conditioned to not respect the 
predefined rules and regulations of the power plant. As the incident escalated, the 
people in charge were more concerned with covering their own skin rather than taking 
measures to minimize the damage. When they built Fukushima Daiichi, a lot of 
preparation went into protecting the plant against earthquakes and tsunamis. However 
as time progressed, it was evident that even bigger tsunamis than previously thought 
could hit the site as well. This information was presented to TEPCO, but it was 
disregarded due to either economical or political reasons, or perhaps by hubris by the 
people in charge, as they were overly confident in their own preparations. During the 
accident, there was not much going wrong in terms of technical problems, except the 
ones caused by the massive wave, such as the flooded generators. It appears that the 
people were well trained for the situation and the staff localized at the plant made the 
right decisions given the situation they were in. During the aftermath however, Japan 
showed familiar “don't lose face” attitude of the USSR during the Chernobyl case, as 
they undervalued the severity of the accident to the public and told blatant lies to the 
media. Perhaps this was a conscious choice in order to not cause mass panic, but in that 
case, they still underestimated people’s ability to acquire information from foreign 
media on the Internet. In the end, the government’s tactics to downgrade the severity of 
the accident to the public backlashed and the people’s mistrust towards their 
government grew, since they could find unedited information from sources from outside 
of Japan (Onishi & Fackler, 2011). 
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4.4. Table over the results and conceptual mapping 

The columns and headings presented in table 4.1, is the result of the second stage of 
the block and file approach mentioned in chapter 2.3.5. “Conducting thematic analysis.” 

 

Table 4.1: An overview of the categorization of the codes identified in the previous chapter. The codes 
from the cases were categorized and arranged together by their themes.  Each column further clusters the 
codes into broader general headings, ending with the core category “Information Inadequacy.” Influenced 
by (Kajtazi, 2011). 

Main identified 
codes 

Code, Concepts 
represented in 
subcategories 

Categories Core Category 

Substantive Codes: violation 
of policy; uninformed 
Theoretical Codes: political 
Concepts: misappropriation; 
hindered 
Sub-Category: Information is 
censored 
Substantive Codes: pride; 
misconduct; problem with 
communication 
Theoretical Codes: political; 
social/individual 
Concepts: refusal; inattentive; 
uncoordinated 
Sub-Category: information is 
undelivered 

Category: 
Information 
Lack 
 
 
 

Substantive Codes: 
intentionally; instruments 
showing misleading 
information 
Theoretical Codes: 
social/individual; technical 
Concepts: misinterpretation 
Sub-Category: information is 
ambiguous 

Substantive code: 
intentionally 
Substantive code: 
violation of policy 
Substantive code: 
misconduct 
Substantive code: 
failure 
Substantive code: 
problem with 
communication 
Substantive code: 
instruments showing 
misleading 
information 
Substantive code: 
pumps stopped 
working 
Substantive code: pride 
Substantive code: 
critical time 
Substantive code: 
uninformed 
Substantive code: 
suggestion of 
improvement 
disregarded 
Theoretical code: 
technical error 
Theoretical code: 
economical 
Theoretical code: 
political 
Theoretical code: 
social/individual 
Concept: 

Substantive Codes: violation 
of policy; intentionally; pump 
stopped working 
Theoretical Codes: political; 
social/individual; technical 
Concepts: unforeseen 
Sub-Category: information is 
redundant 

Category: 
Information 
overload 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Core Category: 
Information 
Inadequacy 
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Substantive Codes: 
intentionally; instruments 
showing misleading 
information; violation of 
policy; critical time 
Theoretical Codes: 
social/individual; technical; 
political 
Concepts: misleading; 
unavailable; disregarded 
Sub-Category: information is 
irrelevant 

misappropriation 
Concept: refusal 
Concept: inattentive 
Concept: disregarded 
Concept: 
misinterpreted 
Concept: unforeseen 
Concept: misleading 
Concept: 
underestimated 
Concept: disregarded 
Concept: unavailable 
Concept: 
uncoordinated 
Concept: hindered 
 

Substantive Codes: suggestion 
of improvement was 
disregarded; failure 
Theoretical Codes: political; 
social/individual 
Concepts: underestimated 
Sub-Category: information is 
undervalued 

  

 

 

The column “main identified codes” contains all the identified codes resulting from the 
analysis. In the next column, labeled “Code, Concepts represented in subcategories”, all 
the identified situations identified in chapter 3 are presented and categorized together 
according to their different sub categories. For instance in the “information is redundant” 
sub category all the situations that fell into the sub category “information is redundant” 
were put together. That is why there are several substantive codes, concepts, and 
theoretical codes under each subcategory.  Redundant situations, that had the same 
codes and concepts that were already identified, were omitted. To get a better view over 
how the codes are all related to each other, conceptual mapping was conducted and 
presented in Figure 4.1. 
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Figure 4.1: All the codes connected together and presented in a conceptual mapping. The newly 
identified concept is circled in red. Influenced by (Kajtazi, 2011, p.23) with original modifications. 

 

A visual representation of the outcome of the thematic analysis is shown in figure 4.1.  
Presenting the results in this way provided a useful overview of the specific aspect of 
information inadequacy. 
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Chapter 5. Conclusion and Future Research 
In this chapter the research question presented in chapter 1.3. is once again presented 
and then answered. At the end of the chapter a method reflection and future research 
suggestions are presented. 

 

In the beginning of this study the following research question was presented: 

How does the causality of the three nuclear power plant accidents compare to each 
other? 

At first glance it is easy to draw the assumption that these cases are similar. However, 
upon closer inspection it is clear that these three cases all have three very different 
underlying reasons to their outcome.  

The Three Mile Island nuclear accident was caused as a result of technical problems 
and the human err factor. The operators working that day did their best to try to avoid 
the situation but a mix of mistakes, technical problems and confusing design of the 
instruments led to the reactor core melting.  

When we look at the Chernobyl nuclear accident case, we see that it was caused by a 
disregard for established rules and policies, people looking out for their own agenda, 
and personnel that was poorly trained in the possible catastrophic outcome of a nuclear 
meltdown. All of these causes were enabled by the political situation in the USSR.  

Fukushima Daiichi’s catalyst was a natural disaster, a huge magnitude 9.0 
earthquake (the fourth biggest in recorded history at the time) that was followed by a 
15-meter tall tsunami wave. In the case of Fukushima Daiichi nuclear meltdown 
accident it was not a case of negligence or malpractice by the operators working while 
the accident happened, instead it was a case of poor preparation by the Japanese 
government and TEPCO. The information that such a tsunami could hit the power plant 
was well known long before 2011 and guidelines had been given to TEPCO to be better 
prepared for it. However these pre-cautious actions had not been taken, due to political 
reasons. 

In short, each accident brought a new situation to the world of nuclear power that we 
previously had not encountered. Therefore each time a nuclear power plant accident 
happened we had no previous experience of it and so we failed to take the correct 
actions and thus each incident ended in nuclear meltdown. But the good news is that 
every time we learned something from each accident.  

In the Three Mile Island case we learned to address faulty technical issues in time 
and also make sure that the information displayed by instruments could in no way be 
interpreted in any other way than what it was intended for. We know that we learned 
this because these problems did not arise in the two other cases. From the Chernobyl 
case we learned that it is just as important to focus on the culture of the society and 
workplace as well as the technical parts. This is evident since Chernobyl was caused, as 
a result of people breaking rules willingly because is was not considered taboo to do so. 
We therefore learned the importance of having a work culture where rules are taken 
seriously and the people working there act professionally in their roles and do not 
primarily look out for their own agenda. 
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So what do we learn when we look at the case of Fukushima Daiichi? Since there has 
not been another nuclear accident since the Fukushima Daiichi accident that we can 
compare it to yet, we have to rely on this study in order to see what we can learn from it. 
Hopefully, this study can give some insights into what we should take with us from this 
accident in order to prevent a similar accident from happening in the future.  

Based on the findings of this study I recommend that we take with us the following 
from the Fukushima Daiichi accident: listen to early warnings, and take actions 
accordingly. As this study shows, the impact of the Fukushima Daiichi accident could 
have been lessened if TEPCO and the Japanese government had taken heed to early 
warnings from various sources indicating that the tsunami walls were not sufficient. 
Nuclear power plants should therefore continue to keep trying to keep up to date on new 
information regarding the possibilities of unforeseeable natural events, such as 
earthquakes, hurricanes, floods, tsunamis, volcano eruptions etc. as well as 
unforeseeable events caused by man such as terrorist attacks from the ground as well as 
from the air. As new information surfaces that shows that previous precautions taken 
may not be enough to protect the power plant, it is important that the organization in 
charge takes this information seriously and take action accordingly. 

 

5.1. Method Reflection 

Using Hermeneutics text analysis resulted in a deeper understanding of the cases being 
achieved due to the iterative process. The collective information gathered from each 
part of each source led to a good foundation of understanding of the cases from which 
to progress the study.  

Thematic analysis is a very versatile method. Being able to use other methods, in this 
case hermeneutic text analysis for the preliminary data analysis from which the thematic 
analysis is done is very convenient. It is a method that really ties together the strength of 
different methods as it allows for being mixed with other methods. Being able to use 
already established frameworks and prior analysis, as reference for the analysis was also 
beneficial in this study. 

Using Kajtazi’s framework for analyzing lack of needed information was an 
interesting process. The framework is a step in the right direction of defining what 
causes information inadequacy. As it is still a relatively new framework there is bound 
to be some room for improvement and certain concepts or theoretical codes that have 
not yet been identified. However, if further studies continue to use the framework it will 
surely become more extensive and be able to be applicable to a more variety of complex 
situations. 

During the process of this study I gained a great insight into these three cases as well 
as what potential traps or weak points in information theory in terms of information 
inadequacy. Knowledge of the framework before data collection gave a new dimension 
to the problem as one could draw parallels to the events taken place and the theoretical 
codes and concepts identified in it. 
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5.2. Suggestions for future research 

The field of information inadequacy is a relatively new field and as such there are still 
many possible ways of contributing to it. Continued use of Kajtazi’s framework to 
analyze different situations will help validate and possibly expand upon the framework 
as new concepts and subcategories are added.  

Even though it seems that we have learned our lessons from the Three Mile Island 
accident, as the occurrence of technological malfunctions seems to have decreased, we 
now have the difficult task of finding solutions to social and political problems. As 
these factors take up 80% of the identified situations that aggravated the situations to 
accidents, eliminating or at least minimizing them would be beneficial, and as such 
suitable for future research. 
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