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“Probably the most startling feature of twentieth-century culture is the fact that we 
have developed such elaborate ways of doing things and at the same time have 
developed no way of justifying any of the things we do.” 

- C.W. Churchman, Prediction and Optimal Decision: Philosophical Issues of a 
Science of Values (1961: 1). 

 

“In every deliberation, we must consider the impact on the seventh generation...” 
(Native American Proverb) 
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Abstract 
 
The function of safety reviews (here understood as expert judgements on proposals 
for design modifications and redesign of technical systems in commercial Nuclear 
Power Plants, supported by formalised safety review processes) plays a 
fundamental role for safety in nuclear installations. The primary aims of the 
presented case studies includes: critically examining and identifying the main areas 
for improvement of the existing technical safety review process as it is conducted at 
a Swedish nuclear power plant, developing a new process, and evaluating whether 
any improvements were accomplished. By using qualitative methods, 
observation/participation and interviews, data has been gathered on how the safety 
review process is perceived and conducted by experts involved in the safety review 
process, and ways to improve this process have been developed. This area is 
neglected in the larger safety literature. The novel approach here is to gather data 
directly from those involved in the safety review process, analysis of safety review 
reports as well as from inspection reports by the regulatory authority. 

The study presented in paper I shows that the partition between primary and 
independent review is positive, having supplementary roles with different focus and 
staff with different skills and perspectives making the reviews.  
The study identifies a number of areas for improvement, such as: 
- a tendency to put too much resource on minor assignments 
- a clearer prioritization would improve focus on the most critical projects 
- there is a need for improved guidance and direction for how to structure the work 
It is argued that future applications of safety review processes should focus more on 
communicating and clarifying the process and its adherent requirements, and 
improve the feedback system within the process. It is also recommended that the 
NPPs create introductory training for new reviewers 

The study presented in paper II concluded that grading of the primary safety review 
reports facilitates improved experience feedback by providing easier access to good 
examples for reviewers. Improvements identified by implementing the revised 
process are primarily linked to the independent safety review function, including 
better planning and means for resource allocation as well as clearer and more 
unambiguous supporting instructions. Introduction of formalized independent 
review meetings provides increased exchange of knowledge and strengthened the 
independent safety review function in the organization. 

Keywords: safety, safety review, nuclear, nuclear power plant, process, process 
improvement, action research, experience feedback
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1. Introduction 
 
Increased concern over increasing cost of fossil fuels, the difficulties to meet energy 
demands with renewable energy sources, energy security and global climate change 
has led to taking a fresh look at the benefits and risks of nuclear power (EC, 2006). 
The global recognition of the need for suppression of greenhouse-gas emissions 
significantly increases the attractiveness of nuclear power as a proven capability for 
large-scale supply of low-carbon electricity generation. 

Loyola de Palacio, the former Commissioner responsible for energy and transport, 
summed up the dilemma very succinctly: “Either we shut down the nuclear sector 
and give up on Kyoto, or we do not shut down the nuclear sector and we respect 
Kyoto. It is as simple as that: sometimes you have to put it crudely so that people 
understand.” (RTD 2004, p. 4). 

However, the use of nuclear power is not uncontroversial, and a major public 
concern is whether nuclear power plants can be operated safety over extended 
periods of time. The Fukushima accident, caused by the Great East Japan 
Earthquake and Tsunami of 11 March 2011, brought nuclear safety to the forefront 
of global attention. A common characteristic of many high-risk, large-scale 
technological systems such as nuclear power plants and chemical processing 
installations is the large amounts of potentially hazardous materials that are 
concentrated in single sites under centralized control. Nuclear reactors generate a 
vast quantity of energy and radioactivity for which extremely sophisticated means 
of confinement, and systems for supervision, control and mitigation are needed. 
Catastrophic breakdowns of these systems pose serious threats not only for those 
within the plant, but also for the neighbouring public, and even the whole region 
and the country. The aphorism “A nuclear accident anywhere is a nuclear accident 
everywhere” has encapsulated the nuclear industry’s creed that one major accident 
can sink the global nuclear fleet. Safety must hence be integral at every step of the 
way as we design, build and operate our nuclear facilities and we must always 
remain focused on how we can continue to improve the safety of our nuclear 
facilities.  

The nuclear industry has continuously and systematically been working to 
strengthen the safety of nuclear installations, and strengthen its capabilities to 
prevent serious incidents. This work has been diversified into a number of key 
aspects and core principles as exemplified in Table 1.  
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Table 1: INSAG safety objectives and principles for nuclear plants. (INSAG, 1999) 

 

The specific focus area of this thesis is safety reviews of technical system 
modifications. By using its own staff and resources, the operating organization 
institutes rigorous safety reviews to ensure that the factors which determine the 
safety of the plant are given the necessary attention. This applies to a whole array of 
safety issues, e.g. organizational changes, but also the whole chain of plant 
modifications; design, manufacturing, construction, testing and commissioning. The 
safety review process thus serves as protection against unsafe plant modifications 
and must therefore be given independence from the design process and operational 
requisites. In this regard, the safety review process serves as a barrier and being part 
of the defence in depth principle.  
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1.1 Aims of this thesis  
 
The primary aims of the project include analysing the safety review process and its 
performance in order to identify strengths and weaknesses, critically examining and 
identifying the main areas for improvement of the existing technical safety review 
process as it is conducted at a Swedish Nuclear Power Plant (NPP), developing a 
new process, and evaluating whether any improvements were accomplished. 
Another important aim that was introduced during this work was to analyse reports 
concerning plant modifications; primarily to investigate what type of comments 
emanate from the review, and if the number of comments differ over time. 
 

1.2 Definitions 
 
This Ph.D. project concerns Safety Reviews of Technical Systems in the Nuclear 
Industry. In this context, safety reviews is understood as expert judgements on 
proposals for design modifications and redesign of technical systems (i.e. 
commercial nuclear reactors), supported by formalised safety review processes. 

Design modifications are here understood as alterations of an existing design. 
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2. Background 

For those not directly involved in the history and background of the Swedish 
Nuclear programme, it may be of value to describe the context in which the 
industry operates today. As a result of the Swedish referendum in 1980, it was 
decided to shut down operation of the then 12 commercial Nuclear Power Plants no 
later than 2010. During the time prior to shut down, no development of nuclear 
power was allowed. This decision has subsequently been changed, but research in 
the area lost valuable years, and recruitment in the nuclear power industry was 
limited during this period. 

This chapter starts with presenting a brief overview of the historical context of 
nuclear use in Sweden followed by general theories of safety in design. In the 
following chapter, I address general principles of nuclear safety followed by turning 
to the safety review system specifically. 

 

Uranium 

Uranium is a silvery-white metallic in the actinide series of the periodic table with 
the atomic number 92. It has the second highest atomic weight of the naturally 
occurring elements, lighter only than plutonium-244 (Hoffman et al, 1971). It 
occurs naturally in low concentrations (a few ppm) in soil, rock and water, and is 
commercially extracted from uranium-bearing minerals. All natural isotopes are 
radioactive, i.e. decays (by emitting alpha particles) eventually being transformed 
into the stable metal lead. U235 has the distinction of being the only naturally 
occurring fissile isotope making it suitable for use in nuclear technology i.e. energy 
production and nuclear arms. 

Natural uranium has very long half-life, hence emitting rather low radioactivity. 
The isotopes found in natural uranium are: 

U234 (0,005 %) with a half-life of approximately 0,248 million years 
U235 (0,720 %) with a half-life of approximately 713 million years 
U238 (99,275 %) with a half-life of approximately 4 490 million years 

On 2 December 1942, the first controlled nuclear chain reaction was achieved in 
Chicago. The first nuclear explosion in 1945 demonstrated the enormous power 
potential of nuclear fission. From a small beginning in 1951, when four light-bulbs 
were lit with nuclear electricity, the nuclear power industry now supplies some 15% 
of world electricity (WNA, 2009). 
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2.1 History of nuclear use in Sweden  

As early as in July 1945 the US ambassador Hershel Johnson contacted the Swedish 
government regarding mining uranium in Sweden. Ambassador Johnson tried to 
reach an agreement for exclusive optional mining licenses to the US and UK for the 
Swedish uranium assets, including a ban on Swedish uranium export (Skogmar, 
cited in Jonter, 1999, p. 9). At that time, US analyses estimated the Swedish 
uranium assets (albeit low in concentration, mainly in alum shale) as being one of 
the 3-4 most important in the world, and the only assets not being controlled by the 
US or UK. Therefore this was an issue of utmost importance to guarantee exclusive 
control of uranium and deny access for the Soviet Union to the rich uranium assets 
in Sweden. 

The 6th of August, Hiroshima was the target for the first nuclear explosion used in 
war – a clear indicator for the Swedish government of the massive energy potential 
in fission. 

The Swedish government declined the US and UK exclusive mining rights, but did 
sign an agreement for keeping control of the uranium assets and restricting export 
from Sweden. Later the same year, the Swedish nuclear commission 
(Atomkommittén, AK) was formed to study possibilities and consequences of 
nuclear use, along with parallel research programmes on nuclear technology for 
civil production of nuclear energy and military purposes respectively (Jonter, 1999). 
These programmes focused on self-sufficiency on uranium implying using heavy 
water reactors due to the low grade of enrichment. 

Through the “Atoms for Peace” programme inaugurated by president Dwight D. 
Eisenhower in the 8th of December, 1953 (the Eisenhower Presidential Library & 
Museum, 2010), Sweden gained access to previously classified knowledge, 
technology and eventually enriched uranium suitable for light water reactors 
thereby reducing the need for a national programme based on self-sufficiency 
leading to its closure in 1970. 
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http://en.wikipedia.org/wiki/Atoms_for_Peace 

 

Energy policy pre-1970s 

Historically, the Swedish national energy policy can until the 1970’s be regarded as 
being part of the commercial policy. Its major goal was to ensure reliable access of 
cheap electricity for Swedish companies and households (Energikommissionen, 
1995). Between 1955 and 1972, energy consumption increased steadily with almost 
5% per annum. This was not regarded as a major problem since the government and 
commercial actors could meet this increasing demand by exploiting water power 
from dammed rivers, oil import, and nuclear power. The first reaction to increasing 
energy consumption came in 1973, due to the first oil-crisis with dramatically 
increased import costs for oil (Energikommissionen, 1995).  
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The Swedish referendum on nuclear power 

A major influence on Swedish nuclear power was the Three Mile Island 2 (TMI 2) 
incident that took place in March 28, 1979. This incident had the direct effect on the 
Swedish political climate since it caused the largest political party, the Social 
Democrats (Socialdemokraterna) swinging towards a decision on a public 
referendum on nuclear power (DN, 2010). The debate on expert’s probabilistic 
safety analyses on the safety of nuclear plants was skilfully mocked in a famous 
monologue by Tage Danielsson. In this monologue first performed October 17, 
1979, he ridicules the term probability ending up with the phrase that “…what 
happened in Harrisburg cannot happen here, as it didn’t even happen there, which 
had been much more likely, considering that it was there it happened” (Danielsson, 
1979). When the referendum was held on March 23, 1980 the political climate was 
very influenced by the TMI 2 incident and Tage Danielssons´ monologue. 

There was a clear element of popular movement against the political establishment, 
though some established politicians (primarily Torbjörn Fälldin, the then Prime 
Minister) strongly argued against future nuclear power. 

The referendum was interesting insofar not having a classical “Pro and Con” 
perspective with two clearly divided alternatives for or against nuclear power. 

Alternative 1, which was the alternative most in favour of nuclear power, was 
formulated as:”Nuclear power will be phased out when possible with regard to the 
need of electric power for maintaining employment and welfare. For reducing e.g. 
dependence on oil and pending when renewable energy becomes available, the 
maximum of the 12 nuclear reactors currently in operation, completed or under 
construction shall be utilized. No further nuclear expansion is to occur. Safety 
aspects will determine the order in which the reactors will be taken out of service.“ 
(DN, 2010), authors translation. 
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Alternative 2 had an identical text as alternative 1 on the front of the ballot, with the 
following text added on the back side: 
"Energy economization shall be pursued vigorously and further stimulated. The 
weakest groups in society are to be protected. Measures shall be taken to control 
electricity consumption, including avoiding direct electric heating in new 
permanent buildings. Research and development of renewable energy sources shall 
be intensified under the society's management. Measures for improving 
environment and safety at nuclear power plants are to be implemented. A special 
safety study shall be performed at each reactor. For citizens´ transparency, a local 
safety committee shall be appointed. Electricity production by oil and coal 
condensing power plants shall be avoided. Society must have the primary 
responsibility for production and distribution of electric power. Nuclear power 
plants and other future facilities for significant production of electric power will be 
owned by the state and municipalities. Excess profits in hydropower production 
shall be withdrawn by taxation." (DN, 2010), authors translation. 

Alternative 3, which was the alternative most critical to nuclear power was 
formulated: “NO to further expansion of nuclear power. Phase-out of the current six 
reactors in operation within a maximum of ten years. A management plan for 
reducing oil dependency will be implemented on the basis of 
- Continuing and intensifying energy conservation 
- Greatly increased investment in renewable energy sources. 
The reactors in operation shall be subject to increased safety requirements. 
Uncharged reactors are never to be taken into operation.  
Uranium mining shall not be allowed in our country.“ (DN, 2010), authors 
translation. 

 

Result of the referendum on nuclear power 1980 (%) 

 Alt. 1 Alt. 2 Alt. 3 
Blank 
votes 

National result 18,9 39,1 38,7 3,3 

Table 2: Result of the referendum on nuclear power 1980  
(Statistiska Centralbyrån, 2012) 

The referendum was won by a combination of alternatives 1 and 2, in total 58% 
against alternative 3’s 38,7% (see Table 2), and it was decided to keep nuclear 
plants operational until 2010, when the last nuclear reactor was to be closed down. 
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During this time-period, development should focus on further development of 
renewable energy resources and reduced energy consumption. As a result of the 
referendum a new law was introduced, banning development1 of nuclear power 
(Riksdagen, 1997). Often referred to as the “thought-ban on nuclear power”, this 
paragraph was removed by governmental decision (SFS 2006:339) in 2006 
(Riksdagen, 2006). 

What is remarkable is that none of the three alternatives available demanded an 
immediate close-down of nuclear power, neither was there any alternative for a 
continued development or even use of nuclear power (Nationalencyklopedien). 

During winter and spring, 1985-1986, the price on crude oil was reduced by half, 
thereby reducing competiveness for alternative energy sources considerably 
(Energikommissionen, 1995). Development of renewable energy has not been as 
successful as anticipated. Energy savings (e.g. more energy efficient household 
appliances) has been counteracted by increased number of and new energy 
consuming products, i.e. more household appliances, computers, increased numbers 
of TV sets in homes, appliances on stand-by mode etc  
(Energikommissionen, 1995). 

 

The present situation 

Today, the Swedish nuclear fleet consists of 10 reactors; the two reactors at 
Barsebäck were closed down in 1999 and 2005 respectively. The remaining reactors 
at Ringhals (one Boiling Water Reactor, BWR and three Pressurized Water 
Reactors, PWR), Forsmark (three BWRs) and Oskarshamn (three BWRs) are in 
operation. In September 2010, the previous statement that “License to construct a 
nuclear reactor may not be issued.” was removed from the law (1984:3) on nuclear 
operation hereby opening a window of opportunity for new plants. However, there 
was also a political decision that new reactors would only be allowed at the 
remaining sites at Ringhals, Forsmark and Oskarshamn, and that new reactors were 
only to be allowed for replacement of existing reactors (thereby limiting the 
maximum number of operational reactors to 10). 

                                                           

1 Paragraph 6 in the Law on Nuclear technology read: ”Ingen får utarbeta 
konstruktionsritningar, beräkna kostnader, beställa utrustning eller vidta andra sådana 
förberedande åtgärder i syfte att inom landet uppföra en kärnkraftsreaktor.” Authors´ 
translation: “No one may prepare construction drawings, cost estimates, order equipment or 
undertake any other preparatory actions in the purpose of building a nuclear reactor within 
the country. 
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3. Theoretical models 

3.1 General theories on safety in design 
 
Classical safety, in most areas, has much focused on technological features. For 
example, rules, standards, and regulations regarding nuclear power production have 
historically been associated with technological aspects. Over the years, the 
technological aspects of systems have gradually been complemented with ideas and 
principles that also scrutinize various human and organisational features of large-
scale systems.  

The term socio-technical systems recognize the interaction between human 
behaviour and technical systems. The importance of taking both aspects in 
consideration is described by Fox, stating that “The sociotechnical systems (STS) 
approach is devoted to the effective blending of both the technical and social 
systems of an organization. These two aspects must be considered interdependently, 
because arrangements that are optimal for one may not be optimal for the other and 
trade-offs are often required. Thus, for effective organization design, there is need 
for both dual focus and joint optimization.” (Fox, 1995, p. 91). The use of the term 
“safety culture”, introduced after the Chernobyl incident in 1986 (IAEA, 1986) has 
become more and more commonly used as a general label for various human and 
organisational states of affairs assumed to influence risk and safety. This influence 
has traditionally been rather one-sided where the “human factor” has been seen as a 
weakness that contributes to accidents. 

Several models that may be relevant for review processes are available in various 
literature fields. Quality assurance, human behaviour and systems engineering are 
some examples of areas considering issues and models of interest, of which a small 
selection are presented in the remainder of this section. 
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Rule-related behaviour 

As illustrated by Reason (Table 3), the variability, creativity and adaptability seen 
in human behaviour (the human factor) can also be perceived as an asset that 
produces safety. Reason has identified six types of rule-related behaviour based on 
three kinds of rule-related situations and two kinds of performance: 

 Good rules Bad rules No rules 

Correct 
performance 

Correct 
compliance 

Correct violation Correct 
improvisation 

Erroneous 
performance 

Misvention2 Mispliance3 Mistake 

Table 3: Reason´s Six varieties of rule-related performance (Reason, 1997, p. 75) 

 

Reason argues that the human ability of detecting and correcting weaknesses 
inherent in technological designs and rules is a positive human factor, 
counterbalancing as more often is referred to: a contributor to faults and accidents. 

Being able to detect and imagine possible risks inherent in technology (machines) is 
a complex skill in need of both high competence and appropriate organisational and 
administrative support structures and processes.  

This has implication for how one should approach the issue of design reviews from 
a research perspective; both classical “human factor” issues (human cognition, and 
skills in relation to technology) and organisational and institutional aspects must 
necessarily be integrated in order to obtain a deeper understanding of the review 
processes. For example, a reasonable hypothesis is that if those actors that reviews 
design and redesign proposals are aware of mistakes or shortfalls that designers can 
make, then it becomes easier for them to detect design weaknesses. Following this 
line of thought, it seems that in order to approach the issue of an efficient design 
review, it is appropriate to consider the design process in itself and from that 
consider the review process as a subset of the more general design process. 

                                                           

2 Reason defines ”Misvention” as: ”behaviour that involves both a deviation from 
appropriate safety rules and error(s), leading to an unsafe outcome” 
3 Reason defines ”Mispliance” as: ”behaviour that involves mistaken compliance with 
inappropriate or inaccurate operating procedures, leading to an unsafe outcome” 
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Hubka’s evaluation matrix for technical systems 

According to Hubka (Hubka end Eder, 1988), technical systems can be evaluated in 
three ways; 

Presumption Key question 

A technical system How good is the system? 

A number of requirements and a 
proposed system 

Does the suggested system fulfil the 
requirements? 

A number of requirements and several 
proposed systems, all fulfilling the 
requirements 

Which system is best or optimal? 

Table 4: Evaluation matrix for technical systems (Hubka end Eder, 1988) 

 

The evaluation can be objective or subjective; the latter case cannot be readily 
disregarded if the analysis is based on long experience of similar cases or systems. 
Subjective evaluation can indeed be a valuable tool for filling in gaps of knowledge, 
often seen in the early stages of a project. 

A systematic analysis according to Hubka’s theory is made up by the following 
elements: 

 Select a general deliverable as a basis for the analysis 

 Select criteria for obtaining the general deliverable 

 Analyse each criterion to determine and evaluate the characteristics 

 Compare with the requirements and make a decision 

 

The final decision shall not be made until all characteristics has been verified, the 
risks has been evaluated and further improvements cannot be identified, i.e. when 
the system has reached its (theoretical) optimum level. 
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Quality Function Deployment (QFD) 

According to Bergman & Klevsjö (1995), QFD is one of the few methods which 
provides a systematic process of finding the customers’ needs and expectations, and 
transfers these data into product requirements and specifications. The method was 
developed in Japan by Shigeru Mizuno and Yoji Akao during the 1960’s, but the 
method was first commercially used in 1975 by Toyota. 

Bergman & Klevsjö (1995) also recognises the beneficial increase in 
communication between different groups within a organisation or company, since 
the concept requires interfunctional working groups.  

QFD, also called ”The House of Quality”, is a requirements flow down technique 
whereby customer requirements and specifications could be translated into an 
actionable format. It provides a fast way to translate customer requirements into 
specifications and systematically flow down the requirements to lower levels of 
design, parts, manufacturing, and production. 

 

 

Figure 1: An overview of the components in the “House of Quality” (Jones, 2010) 
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1. The process starts on the left hand side of Figure 1, with entries into the 
Customer Needs (also referred to as Voice Of the Customer, VOC), or the "What?" 
column. This is where the key system requirements are entered. 

2. The features to be specifically implemented in the design (the "Hows?") are 
listed in the vertical Critical Customer Requirements (CCRs) columns. Entries into 
these columns should be the primary features planned to achieve the "Whats" in the 
left column.  

3. The Interrelationship Matrix shows the correlation between features and 
requirements marked with symbols, e.g. dots in various colours, rings or other 
symbols. In this example, a filled dot is used to indicate a strong correlation 
between the feature and the requirement. A positive correlation is indicated by a 
ring, whilst a negative or strong negative contribution is indicated by a red X and # 
respectively. A blank column indicates an unnecessary feature relative to the listed 
requirements. Similarly, a blank row indicates an unaddressed requirement. 

4. The customers’ rating of competitors, i.e. identifying who the competitors are 
and how the customer perceives their respective ability to meet the requirements. 
This becomes a top-down line where the ability to meet each VOC need is rated on 
a scale from 1-5. 

5. The correlation matrix is used to compare CCRs (the “hows”) to identify conflict, 
influence or no effect on each other, for example by a +, - or a circle. 

6. The “Process Target” area is where the design features (minimum and desired 
performance specifications for each CCR) are quantified. Each of these numerical 
requirements might be the product of extensive system analysis and trade-off study 
to determine how best to meet system requirements (the “Whats”). 

At the bottom of the CCR column (the “Hows”) is a row for prioritised 
requirements where the order of “How important” the requirements are made 
visible. 

7. When the first evaluation step, one should finalise by evaluating the house of 
quality process itself. 

The terminology "House of Quality" comes from the technical correlation matrix 
shown at the top of the diagram. In this matrix the features are compared against all 
other features to indicate if they are supportive (correlate) or in opposition. This 
correlation matrix gives the system engineer important information to use in 
requirements balancing.  
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For example, if three features are positively correlated in addressing one or more 
customer requirements, the system engineer could perform a cost/effectiveness 
study of the best combinations of those features to meet the specific requirements. 
Perhaps the highest cost/lowest contribution feature could be reduced or eliminated. 

QFD flow down is shown in Figure 2, where the "How" and "How Much" from the 
higher level become the "What?" input for the next lower level. The process is then 
repeated. Normally, the process is divided into four stages to transfer requirements 
to actionable levels. 

 

 

Figure 2: The four phases of QFD (Cohen, in Shahin and Nikneshan, 2008) 

 

Bergman & Klevsjö (1995), describes the four stages as: 

1. Product planning, when the customers system requirements (Voice of the 
Customer) are transformed into product features. The output of this stage 
is an identification of what features are crucial to obtain the desired 
requirements. 

2. Product design, where the identified features determines which 
construction is preferred, within the constraints given. Critical parts, 
components, and issues that need further investigation are identified. 

3. Process tailoring. This is where actual manufacturing parameters 
(including control routines) are produced. 

4. Production tailoring, where manufacturing routines are identified, 
including crucial measurements, measuring methods, tools and instructions 
are chosen. 
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Systems Engineering 

Stevens et al (1998), has captured the concept of Systems Engineering in a simple, 
but clear model. The first step is to consider what is wanted, this is the important 
start deciding the outcome in large. Only when this is done, the solutions to meet 
those needs can be chosen, implemented, and tested against the needs stated. 

 

Figure 3: The Essence of Systems Engineering (Stevens et al, 1998, p. 345)  

 

This loop must then be repeated in order to improve all aspects, considering the 
whole problem before leaping to solutions. According to the authors, nothing could 
be simpler or more obvious, but despite this, not easy. This approach presents a way 
of thinking, providing guidelines without unnecessary regulations or constraints. 
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The International Council on Systems Engineering (INCOSE) describes different 
steps involved in the process of Systems Engineering. The focus is on the products 
to be produced, the reviews to be conducted, the depth of detail of analysis 
anticipated in each process activity, the formality of the conduct of the process, and 
the anticipated number of iterations in the process. INCOSE (2007, Appendix I-3) 
dictates that there are some key process activities that should always be performed. 

These activities are: 

a. Project requirements 

b. Mission requirements 

c. Customer specified constraints 

d. Interface, environmental, and non-functional requirements 

e. Unclear issues discovered in the requirements analysis process 

f. An audit trail of the resolution of the issues raised 

g. Verification and validation methods required by the customer. 

h. Traceability to source documentation. 

However, the time, energy, and effort devoted to each of these steps should be 
tailored according to the project, reflecting economics and risks of the project in 
question. The purpose of tailoring the Systems Engineering process for a specific 
project is to reduce project risk to an acceptable level while at the same time 
making most cost-effective use of engineering resources. The problem is to 
determine when “enough” resources are allocated. 

“Project planning starts with a statement of need, often expressed in a project 
proposal. The planning process is performed in the context of the enterprise. 
Enterprise processes establish and identify relevant policies and procedures for 
managing and executing a technical effort; identifying the technical tasks, their 
interdependencies, risks and opportunities, and providing estimates of needed 
resources/budgets. This is also the point in the process to determine the need for 
resources and specialists during the project life cycle to improve 
efficiency/effectiveness and decrease cost over-runs. For example during product 
design, various disciplines work together to evaluate parameters such as 
manufacturability, testability, operability and sustainment against product 
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performance. In some cases, project tasking is concurrent to achieve the best 
results.” (INCOSE, 2007, p. 5.2). 

If too many or unnecessary processes are performed, increased cost and schedule 
impacts will occur with little or no added value to the integrity of the system. As 
presented in Figure 4, there must be a balance between the systems engineering 
effort in relation to the project. 

 

 

Figure 4: Tailoring requires balance between risk and process  
(INCOSE, 2007, p. 10.2)  

Therefore, tailoring of processes is required. INCOSE recommends that the 
following activities should be conducted at least once for each stage of the system 
life cycle (INCOSE, 2007, p. 10.2): 

Identify tailoring criteria for each stage – This activity establishes the criteria for 
including or excluding any process in the formal conduct of a given stage. Some 
essential processes, such as configuration management, build cumulatively 
throughout the system life cycle and may determine a set of permanent activities. 
Other processes, such as project planning, have a more limited range of 
applicability. 

Determine process relevance to cost, schedule, and risks – This activity analyzes 
the various environments, including their decision processes, relationships, and 
sensitivity to risks. The results define the appropriate tailoring of the review, 
decision and coordination methods for each process activity in each stage. 
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Determine process relevance to system integrity – This activity analyzes the 
system features, intended environment, criticality of product/system use, reliability, 
and availability. It defines the appropriate tailoring of the process activities such as 
verification, qualification, level of analysis needed, and review and decision gate 
criteria. 

Determine quality of documentation needed – This activity analyzes the support 
environment, system evolution, criticality of system functions, and internal and 
external interfaces. It defines the extent of detail needed in documentation for the 
project. 

Determine the extent of review, coordination and decision methods – This activity 
analyzes the project issues such as stakeholder diversity, extent of their 
involvement, nature of working relationships, (e.g. single, unified, or conflicting 
customer needs). These factors influence tailoring of formal reviews, coordination 
and decision methods, and communications to fit the situation. 

As a tool for supporting the Systems Engineering process, INCOSE recommend the 
Quality Function Deployment (QFD) as a useful technique to provide a fast way to 
translate customer requirements into specifications and systematically flowdown 
the requirements to lower levels of design, parts, manufacturing, and production. 

 

There are great similarities between quality assurance and Systems Engineering. 
NASA (1995) describes Total Quality Management (TQM) as the application of 
Systems Engineering to the work environment. Focusing on customer needs and 
satisfaction is also expressed in similar terms. Quality Function Deployment (QFD) 
is mentioned as a method of requirements analysis often used in Systems 
Engineering. The systems approach is common to all of these related fields. The 
recognition that a system exists, that it may contain subsystems, and that the 
systems’ objectives must be explicitly identified and understood. 

According to NASA (1995) the basic idea of Systems Engineering is that before 
those decisions that are hard to undo are made, the alternatives should be carefully 
assessed. The definite purpose is to make sure that the development process leads to 
the most cost-effective final system. 
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3.2 General principles on nuclear safety 
The safety of nuclear plants is based on a number of aspects and principles. Not 
only technically issues such as technical designs with inherent safety features, but 
also organisational, cultural, management and work practice aspects are important 
factors.  

Defence in Depth (DiD) 

Defence in Depth (DiD) is widely recognized as a cornerstone concept for 
providing safety in nuclear installations. In the IAEA publications, the concept of 
DiD was introduced by the International Nuclear Safety Advisory Group in the 
INSAG-3 Report “Basic Safety Principles for NPPs” in 1988(revised and renamed 
INSAG-12 in 1999). This report defined the principle of DiD as: "All safety 
activities, whether organizational, behavioural or equipment related, are subject to 
layers of overlapping provisions, so that if a failure were to occur it would be 
compensated for or corrected without causing harm to individuals or the public at 
large. This idea of multiple levels of protection is the central feature of defence in 
depth..." (IAEA, 1999, p. 17). 

The strategy for defence in depth is twofold: first, to prevent accidents and, second, 
(if prevention fails) to limit their potential consequences and prevent any evolution 
to more serious conditions. The role of DiD is described by IAEA as: “Defence in 
depth is implemented through design and operation to provide a graded protection 
against a wide variety of transients, incidents and accidents, including equipment 
failures and human errors within the plant and events initiated outside the plant.” 
(IAEA, 1996, p. 4).  

Key aspects of the DiD approach are: prevention, monitoring, and action to mitigate 
consequences of failures. Defence in depth consists of different levels of equipment 
and procedures in order to maintain the effectiveness of physical barriers placed 
between radioactive materials and workers, the public or the environment. There 
are barriers intended for normal operation, anticipated operational occurrences and, 
for some barriers, accidents at the plant.  
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Defence in depth is generally structured in five levels, with the principle that should 
one level fail, the subsequent level comes into play. The objective of these levels of 
protection are (IAEA, 1996, p. 18):  

Level 1: The prevention of abnormal operation and system failures. 

Level 2: Abnormal operation is controlled or failures are detected. 

Level 3: To ensure that safety functions are further performed by activating specific 
safety systems and other safety features. 

Level 4: Limitation of accident progression through accident management, so as to 
prevent or mitigate severe accident conditions with external releases of 
radioactive materials. 

Level 5: Mitigation of the radiological consequences of significant external releases 
through the off-site emergency response. 

 

International cooperation and conventions 

International networks such as the IAEA (International Atomic Energy Agency), 
the IAEA International Nuclear Safety Advisory Group (INSAG), WANO (The 
World Association of Nuclear Operators) and NEA (the OECD Nuclear Energy 
Agency) where information on strengths and weaknesses, good examples and 
practices can be shared are also important for maintaining and strengthening the 
basis on which the safety of nuclear power plants stands. National regulatory bodies 
such as NRC (The United States Nuclear Regulatory Commission) and the Federal 
Environmental, Industrial and Nuclear Supervision Service of the Russian 
Federation (Rostekhnadzor of the Russian Federation) are also important 
organizations in providing safety principles, guidelines and regulatory 
requirements, but also in supporting nuclear operators in evaluating and 
investigating e.g. operational safety, technical solutions and incidents. 

Legally binding agreements between states are increasingly important mechanisms 
for improving nuclear, radiation and waste safety worldwide. The number of 
bilateral and regional agreements continues to grow, and more and more states are 
becoming parties to the international conventions. 

One of the main international conventions on nuclear safety is the IAEA 
Convention on Nuclear Safety. It was adopted in Vienna on 17 June 1994 with the 
aim to legally commit participating states operating land-based nuclear power 
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plants to maintain a high level of safety. The instrument for achieving this is by 
setting international benchmarks to which states would subscribe. 

The obligations of the parties (i.e. states) cover a wide array of areas such as; siting, 
design, construction, operation, the availability of adequate financial and human 
resources, the assessment and verification of safety, quality assurance and 
emergency preparedness. 

Today, there are 75 parties involved in the IAEA convention on nuclear safety, of 
which 65 states has signed the convention (IAEA, 2012). 

The Convention is an incentive instrument, meaning that it is not designed to ensure 
fulfilment of obligations by parties through control and sanction but is based on 
their common interest to achieve higher levels of safety which will be developed 
and promoted through regular meetings (IAEA, 1994). The main innovative and 
dynamic element of the convention is that it obliges parties to submit reports on the 
implementation of their obligations for "peer review". The peer review concept 
means that experts from the IAEA Operational SAfety Review Team (OSART) 
programme or directly between facilities review the plant in respect to a number of 
factors. These factors include e.g. priority to safety, financial and human resources, 
radiation protection, emergency preparedness, design and construction and 
operation. 

The IAEA has defined a number of specific safety principles based on the evolution 
of the plant, from site location through design, manufacturing, commissioning, 
operation and decommissioning in relation to the Defence in Depth principle  
(see Figure 5). 
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Figure 5: Schematic presentation of the INSAG specific safety principles showing 
their coherence and their interrelations (IAEA, 1999, p. 39)  

 

IAEA provides specific guidance documents on performing peer-review missions 
e.g. “Preparing and conducting review missions of instrumentation and control 
systems in nuclear power plants“ (IAEA, 2011). Here, the purpose, objectives and 
scope of the review is stated, including organization of the mission and review 
principles. The importance and comprehensiveness of these missions is visible 
when studying what subjects are to be analyzed during such a review. 

The proposed subjects are organized into 9 main themes (IAEA, 2011, p. 29): 

― System identification 
― Critical attributes 
― Functional review 
― System review 
― Development processes review 
― Operation & maintenance processes review 
― Operating history review 
― focused reviews 
― Technical visits 

For each theme, a table lists the associated subjects (in this case, the subjects under 
each theme are between 4-15).  
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A peer-review mission is initiated based on a formal request from an organization 
of a Member State (e.g. nuclear utility, regulatory authority, technical support and 
design organization). This is accepted by the nuclear operators as a regular and 
important safety feature. The willingness of these organizations to participate in 
such peer-reviews and providing such in-depth information on their processes, 
routines, and systems is rarely seen in other commercial industrial sectors. 
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3.3 Why safety reviews? 
Nuclear power plants are complex and complicated man-made systems. They are 
not only technically complicated (though the main principle of boiling water, letting 
the steam through a turbine to produce electrical power is relatively simple 
process), but also a complex organizational system where managing safety is 
important not only for the actual plant itself, but for the entire industry. Major 
accidents like the Three Mile Island, Chernobyl, and recently Fukushima have 
influenced the public view on nuclear power generation and safety. The nuclear 
industry must face a two-fold goal of being both safe and reliable. Safety is an 
absolute requirement for the industry to survive, and reliability has impact on 
profitability which is a prerequisite for any industry to survive in the long run. 
Reliability and safety represent two related subjects but they are functionally 
different. A technical design may fulfil long-term reliability requirements (i.e. 
maintaining its specified functions for a pre-determined time or number of 
operational cycles) without being safe. 

With the obvious limited potential for empirical tests, modifications of nuclear 
plants require thorough analysis and/or operational experience from the systems to 
be modified. Furthermore, these analyses are usually double-checked through safety 
reviews. The safety review process thus serves as protection against unsafe plant 
modifications and must therefore be given independence from the design process 
and operational requisites. In this regard, the safety review process serves as a 
barrier and being part of the defence in depth principle. 

Typically, the needs for technical modification on operational nuclear power plants 
arise from three main sources (OECD Nuclear Energy Agency, 2009): 

 Feedback of operational experience indicates possibilities to improve the 
safety and/or economy of the plant, 

 New regulatory requirements are implemented in order to correct major 
design flaws in earlier designs, 

 Technical developments have made earlier materials and components 
obsolete with the consequence that spare parts are becoming increasingly 
expensive. 

 

Technical developments may also introduce new components, more accurate 
calculation methods, new tools, or better materials that offer opportunities for 
improving performance. 
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There are several difficulties associated with technical modifications of an existing 
and running plant. In the nuclear industry, modifications are often plant specific, 
even for plants with the same reactor type (Vaurio, 1998). A nuclear facility has 
high fixed costs and a small percentage of variable costs, hence a considerable 
incentive for reducing downtime. This indicates an interest by the licensee to 
implement the modification during a short period of time, and preferably coordinate 
several modifications to be implemented simultaneously. Often, modifications are 
carried out during refuelling outages since they cannot be safely done during plant 
operation (Vaurio, 1998). It is therefore of great importance that technical design 
proposals receive a thorough evaluation i.e. a safety review process before being 
implemented.  

The importance of safety reviews can be exemplified by the following case: 

In May 2011, Ringhals 2 (reactor 2 at the Swedish Nuclear Power Plant Ringhals) 
were in the final stages of a regular outage when it was decided to bring forward the 
Containment Pressure Test (CPT). There was room in the schedule to perform the 
test before reloading fuel in the reactor core (Operational condition DT7). Normally 
the CPT is performed in direct connection with the restart (during cold shutdown, 
Operational condition DT5) when all materials used during the outage are already 
removed from the containment (Vattenfall Newsroom, 2012). During operation, 
there is no such material in the reactor containment.  

Prior to the decision, considerations on what could technically complicate the test 
had been made including preventive arrangements. However, these considerations 
were not subject to a full safety review process, but a limited “Safety Evaluation 
within the line organisation” (SSM, 2011). What was not realized was that different 
people had different images of what the preparations for the test would look like. 
For example, since the test would be conducted in a different operating condition 
than it usually is - who had the responsibility to ensure that all combustible 
materials were removed? (Vattenfall Newsroom, 2012). This eventually led to 
combustible material being left in the reactor containment, including electrical 
equipment that should not have been there during the CPT.  

On late evening at the 10th of May 2011 during the CPT, a relatively small fire (an 
area of approximately 8x2 m) caused by electrical shortage in a vacuum cleaner led 
to damage by soot and chlorides in the containment, which in turn required 
extensive cleaning of the entire containment. Cleanup delayed the restart by several 
months - permission to restart was granted by the regulator 2012-01-27 (SSM, 
2012), and the stop (production loss) and decontamination costs were in total close 
to 2 billion SEK (DN, 2011). 
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In the subsequent report it was concluded that “The report notes that there seems to 
be that there was no challenging questioning from a holistic perspective, to perform 
CAT in DT7 instead of the normal DT5. The focus was rather towards validating 
concrete actions and risks that were directly linked to the current implementation” 
(Vattenfall, 2011), authors translation. 

Review processes are normally executed at various stages in a design project, such 
as; initial proposals, overall system functions and their relations, and other detailed 
specifications. Taylor (2007) concludes that design reviews have been estimated to 
discover and remove between 80% and 95% of the errors made during the design 
process. Depending on type of system and review, such figures are however 
associated with significant uncertainty. 

A deeper understanding of review processes of technology designs represents a 
truly interdisciplinary area of research where a number of issues must be addressed, 
such as; 

 What the most critical factors are in order to achieve an efficient design 
review. 

 What mistakes can occur in a review process, and what their consequences 
are. 

 How one should organise a review process so that all vital stakeholders 
representing different relevant disciplines have an influence on the review. 

 What psychological factors are involved in the task of performing a 
review? 

 What organisational factors influence an efficient review? 
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3.4 Discussion on theoretical models 
A difference between general theories on safety in design and nuclear safety is the 
scope of nuclear safety and its regulation, which covers the whole nuclear fuel cycle 
including extraction and enrichment of radioactive ores, production of nuclear fuels, 
transport and use of fuel in nuclear power plants, reprocessing of spent fuel, and the 
storage of nuclear waste. General theories on safety in design are generally more 
limited in the scope of a product’s whole life-cycle, though fundamentally similar 
to the conditions present in the nuclear industry with regards to principles of design, 
construction, operation and (in some cases) also decommissioning.  

Also, similar examples of the complexity involved in the concept of nuclear safety 
or a design process can be drawn from the organisational domain. A technical 
design is associated with several stake holders that in some way must cooperate and 
share information. To understand the roles of these stakeholders is fundamental for 
understanding a review process. Three salient stakeholders of relevance for and 
understanding of the review process of a socio-technical system (of any kind) are; 
(1) the designer/producers of a technological design, (2) the operators4 and (3) the 
regulators.  

All these actors usually take part in various review processes; the producer of a 
technology makes various reviews during design and manufacturing of a system, 
the operator (which in the Swedish nuclear case always has the full responsibility 
for safety during installation, operation and dismantling of the plant) reviews the 
requirements, specifications, introduction and also continuously performs various 
reviews of the installed product.  

Systems Engineering and theories on nuclear safety are similar in that before those 
decisions that are hard to undo are made, the alternatives should be carefully 
assessed. Similar is also the focus on iterative processing and assessments before 
implementation. There is a slight difference though, in that the definite purpose of 
Systems Engineering is more focused on making sure that the development process 
leads to the most cost-effective final system, where as theories on nuclear safety are 
primarily focused on safety and less on cost-effectiveness. 

                                                           

4 The concept of “operator” is used for all those actors that operate and maintain a system.  
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4. The plant modification process 

Plant modification at a nuclear plant is a difficult process. A modification is often 
initiated by an identified problem e.g. obsolescence, but can also be a consequence 
of changes in technical or operational knowledge, or new regulations by national 
authorities. The modification can be of different nature; technical, organisational, 
operational or changes in the safety case.  

Typically, the needs for technical modification on operational nuclear power plants 
may arise from a number of sources, e.g. 
(OECD Nuclear Energy Agency, 2005, p. 15): 
 

 the physical ageing of plant systems, structures and components, 

 obsolescence in hardware and software, 

 feedback from operating experience within the station, 

 lessons learned from event and incidents at other plant in the world, 

 research that reveals problems with old solutions or presents new 
opportunities, 

 changes in engineering methods and standards, 

 opportunities for improvements in plant safety, 

 changes in expected performance of the plant, 

 changes in organisational and operational practices, 

 changes in regulatory requirements. 

 

Technical developments may also introduce new components, more accurate 
calculation methods, new tools, or better materials that offer opportunities for 
improving performance. 
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There are also interactions between these cases; a technical or organisational 
modification often involves a change or update of the safety case. The modification 
itself can also result in different solutions – e.g. if an obsolete pump needs to be 
replaced, there are several options; a new version of the same pump, a different type 
(e.g. centrifugal- or displacement pump), and even the source of energy (steam or 
electrical). As expressed by Ilina, “All kinds of changes complicate knowledge 
transfer and retaining and might degrade safe operation of the facilities” (Ilina, 
2010, p. 1). Hence, the main obstacle in all plant modifications (either technical, 
organisational, operational or safety case updates) is to ensure that the safety effects 
of the modification are being identified and properly addressed. The modification 
must always be assessed to be as safe as or preferably safer than was the case prior 
to the modification.  

Hale et al (2007) has described how objectives, main safety issues, and main safety 
management tasks correlates in different phases of a project. 
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Phase Objective Main safety issues Main safety 
management 

tasks 

Business 
development 

Clarify the business case 
for pursuing an 
opportunity to develop a 
new technical system 

Are there any showstoppers 
related to safety (unfamiliar or 
prohibitive safety hazards, legal 
constraints, reputation risks)? 

Screening of 
available 
information 
sources 

Feasibility 
study 

Clarify the technical 
feasibility of the project 
and the possibilities of 
meeting profitability 
requirements 

Is basic technology adequately 
proven from a safety point of 
view? Will it be possible to 
implement regulatory, corporate 
and customer safety requirements 
within an acceptable cost limit? 

Benchmarking 
with similar 
existing design 

Conceptual 
design 

Develop concept 
alternatives by selecting 
and arranging building 
blocks, select the best 
solution with respect to 
project objectives 

Is the selected concept proven 
from a safety point of view? Will 
it meet risk acceptance criteria 
(explicit/tacit)? Are intrinsically 
safe solutions adequately 
implemented? 

Concept risk 
analysis, design 
reviews against 
conceptual safety 
requirements 

Basic design Optimise basic design, 
define detailed design 
requirements and mature 
design to reduce cost, 
schedule and quality 
uncertainties 

Are the inherent safe solutions and 
safety barriers adequately 
implemented? Are the safety 
requirements for detailed design 
adequately defined? 

Risk analyses and 
design reviews, 
audits of design 
organisation 

Detailed design Meet design requirements Have the detailed safety 
requirements been adequately 
implemented? Have suitable 
documents been made to hand 
over the design to safe 
fabrication/use? 

Detailed risk 
analyses and 
design reviews, 
audits of design 
organisation 

Fabrication, 
installation, 
commissioning, 
start-up 

Realisation of design, 
front-end engineering, 
final checking and test 
before hand over to 
customer 

Does design meet the safety 
requirements? Have design errors 
and weaknesses been identified 
and resolved? 

Inspections and 
testing 

Table 5: The phases of a typical project involving development of complex 
technical systems and safety management tasks in each phase  
(Hale et al, 2007, p. 311). 
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As part of normal routines of most technical systems, a typical modification process 
includes at least the phases given in Table 5. A proposal for a modification initiates 
a preplanning and assessment phase where the desired outcome is specified; 
normally in functional terms i.e. what are the requirements that must be, and what 
are the requirements that should be met.  

Different principal options are assessed considering technical, financial, and other 
factors. Design and implementation planning involves creating or finding suitable 
core technologies to be used in order to fulfil the specified requirements, 
interactions between components or systems, implementation approach, and test 
strategies to be used.  

Following the installation, testing and commissioning phase comes the finalisation 
phase where evaluation of the project and process improvement suggestions should 
generate prerequisites for the next project to improve and perform better. During all 
these phases, risk management should be an integrated, concurrent process where 
technical, financial and managerial (e.g. keeping timelines or deliverables) risks are 
continuously monitored and controlled.  
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5. Preview of papers  
 
This thesis consists of this introduction and the following two papers which are 
summarised below: 
 

5.1 Paper I 
 
The aim of the study presented in paper I, is to identify strengths and weaknesses of 
the technical safety review process at a Swedish Nuclear Power Plant. In this 
context, the function of safety reviews are understood as expert judgements on 
proposals for design modifications5 and redesign of technical systems (i.e. 
commercial nuclear reactors), supported by formalised safety review processes. The 
chosen methodology is using two complementary methods: interviews of personnel 
performing safety reviews, and analysis of safety review reports from 2005-2009. 

The study shows that personal integrity is a trademark of the review staff and there 
are sufficient support systems to ensure high quality. The partition between primary 
and independent review is positive, having different focus and staff with different 
skills and perspectives making the reviews, which implies supplementary roles. The 
process contributes to “getting the right things done the right way". The study also 
shows that though efficient communication, feedback, processes for continuous 
improvement, and “learning organizations” are well known success factors in 
academia, it is not that simple to implement and accomplish in real life. 

It is argued that future applications of safety review processes should focus more on 
communicating and clarifying the process and its adherent requirements, and 
improve the feedback system within the process.  

 

                                                           

5 “Design modifications” are here understood as alterations of an existing design 
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5.2 Paper II 
 
This paper focuses on technical safety reviews of plant modifications at a Swedish 
nuclear power plant. The primary aims of the presented study include identifying 
the main areas for improvement of the existing technical safety review process, 
developing a new process, and evaluating whether any improvements were 
accomplished.  

By using qualitative methods, observation/participation and interviews, data has 
been gathered on how the safety review process is perceived and conducted by 
experts involved in it, and ways to improve this process have been developed.  

It was concluded that grading of the primary safety review reports facilitates 
improved experience feedback by providing easier access to good examples for 
reviewers. However, the experience feedback process is a specific area in which the 
revised safety review process has not been as successful as desired. Improvements 
identified by implementing the revised process are primarily linked to the 
independent safety review function, including better planning and means for 
resource allocation as well as clearer and more unambiguous supporting 
instructions. Introduction of formalized independent review meetings provides 
increased exchange of knowledge and strengthened the independent safety review 
function in the organisation. 
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6. Discussion 
 
The studies presented in this thesis concern the safety review process at nuclear 
plants in Sweden. A historical background on nuclear power in Sweden is also 
presented, and a brief overview of general theories on safety aspects in design. 

The interview study performed in Paper I, indicated a tendency to put too much 
resource on minor assignments, and that a clearer prioritization would improve 
focus on the most critical projects. It may be argued that this result differs from a 
study on human originated common cause failures at Finnish NPP’s where “The 
review of the analysed multiple errors showed that difficulties in planning of the 
necessary testing and installation inspections of small and ordinary (not big) plant 
modifications were significant sources of common cause failures.”  
(Laakso, 2006, p. 24-25).  

However, the results in Paper I are not to be interpreted such that small and 
ordinary modifications should not be subject to assessment and prioritization, but 
rather to emphasize the importance of this assessment in order to correctly identify 
cases belonging to the "simplified procedure”, and to reduce the routines required 
for these cases accordingly. 

Regarding the complexity and difficulty of the review process described in Paper I, 
and the operability planning and verification tasks of small and ordinary 
modifications described by Laakso (2006) identified similar findings.  

The Laakso study concludes that “The operability planning and verification tasks of 
small or ordinary modifications are complex and are subjected to the critical 
demands of both Anticipation and Monitoring & Reflecting and require thus bal-
ancing between the Methodicalness and Flexibility as well as Learning. The 
planning task requires both a functional overview & technical specialist knowledge 
as instruments for quality results.” (Laakso, 2006, p. 25). 

Paper I concludes that the complexity and scope of the term Impact on Reactor 
Safety (i.e. one of the most important objectives of the Safety Review to determine) 
implies a vast range of scenarios, factors and circumstances that may occur. The 
reviewer must therefore assess what situations may appear, what effects and 
interactions may occur, and what impact these may have on various systems. In 
turn, this means that the margins of barriers and defence in depth must be kept 
intact and it is crucial that this applies before, during and after the modification is 
implemented. 
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The overall impression is that the revised safety review process described in Paper 
II provided improvements e.g. in planning and avoidance of work-duplication. The 
revised process seems to function well and is a vital element in the complicated 
process of ensuring the safety of nuclear power plants. Nevertheless, there is room 
for further improvement. 

The importance of using effective experience feedback and the principle of 
continuous improvements in all safety related processes is supported by the findings 
in Paper I and II. Creating a final and perfect safety review process with no risks for 
errors or misunderstanding is utopia, as developments both within and outside the 
organisation, new findings and changing regulatory requirements inevitably calls 
for a certain degree of process flexibility. 

The experience feedback process does not necessarily need to be heavily 
formalised, but findings and recommendations should be documented in order to 
provide a solid basis for decisions on process improvements. It may also be useful 
in future work for understanding why process changes were made, and to evaluate 
if the desired outcomes were met. 

 

Though this thesis focuses on technical safety reviews of plant modifications at a 
Swedish nuclear power plant, the results may be relevant to other areas. The 
importance of reviews is general in complex systems (e.g. Amaral and Uzzi, 2007), 
project management (e.g. Stevens et al, 1998), design methods (e.g. Archer (cited in 
Cross p. 35), Pahl and Beitz (cited in Cross p. 37) and systems engineering (e.g. 
Martin, 1997). Industries with similar characteristics as the nuclear arena may be 
e.g. chemical processing plants, hospitals or (offshore) oil industry. These complex 
activities, where errors can lead to severe consequences to individuals, society and 
the environment, are often described by the term High-Reliability Organizations 
(HROs). Common for these organisations is the norm of failure-free operations, 
since failure would be so damaging that it would severely harm or even finish off 
the industry altogether. 
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6.1 Conclusions and recommendations 
 
Based on the results from Papers I and II, the main conclusions and 
recommendations are: 

 A clearer prioritization between tasks of different importance and a more 
differentiated process in how the projects are handled should improve the 
process and reduce time to implementation. One possible solution is to 
introduce some kind of "pre-review" to ensure accurate categorization. 
This can help to identify and focus on the projects that are most critical 
(i.e. projects with common failures and/or possible severe consequences), 
making the best use of resources where best needed. 

 Though grading of the primary safety review reports facilitates improved 
experience feedback by providing easier access to good examples for 
reviewers, a more structured experience feedback should be integrated in 
the safety review process. 

 The revised safety review process described in Paper II has provided 
improvements e.g. in planning and avoidance of work duplication. The 
revised process seems to function well and is a vital element in the 
complicated process of ensuring the safety of nuclear power plants. 

 

During this work, a number of questions have surfaced such as Common basic 
training for reviewers, and Regular review meetings with time to reflect and discuss 
(e.g. what is a good / bad review?). 
These questions are addressed or will be in the future work.  

The author has introduced regular review meetings where reviewers can openly 
discuss issues in this field with their peers. An inaugural meeting was held in 
Stockholm in 2010 and another meeting was held in 2012. Plans are in place to 
continue these meetings on a biannual basis. 
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7. Future work towards a PhD thesis 
 
Training material has been gathered from all three Swedish nuclear plants, and this 
will be analysed and incorporated into a common basic training material. The basis 
for this will be interviews with personnel which are relatively inexperienced in the 
role of performing safety reviews in order to establish what their needs are, 
combined with interviews with more experienced staff to examine their experience 
and recommendations. 

Another study has also been started with the purpose of examining the regulators’ 
view of the safety review system. Interviews have been made with staff from the 
Swedish Radiation Safety Authority (SSM) and plans are to compare these results 
with interviews of staff from their Finnish equivalent, the Radiation and Nuclear 
Safety Authority (STUK). 

Interviews on another regulatory authority with similar tasks (not involved in the 
nuclear arena) is also planned to be used for reference. 
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