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Abstract
HRA (Human Reliability Analysis) is a part of PSA (Probabilistic Risk Assessment) to evaluate if
and which human actions that could contribute to a core damage in a NPP (Nuclear Power
Plant). This thesis investigates requirements that are put on HRA in connection to requirements
that are put on the PSA, both from the view of international standard but also through HRA
method descriptions and performed analyses from Swedish NPPs as well as through interviews
with performers in the field.
The results shows that the requirements that are put on the HRA from the international
standards are generic (few specific requirements are to be found) and can be said to be reflected
in the performed analysis on Swedish NPPs. Another result shows that there isn't much
difference between different NPP units on how the HRA is performed; the general requirements
from the international standards are most often followed in some sense. There is more a
questions of level of detail and/or traceability described in the analysis that can be said to be of
difference. The results also shows on the fact that it is very hard to transform the more
qualitative results from the HRA into a quantitative value that can work as an input to the PSA.
Some of the interviewees expressed a sort of resignation that it felt as if the qualitative parts of
the HRA weren't seen in the same light as the quantitative parts, and that there is no consensus
on how for example factors that influence the work of the operators (such as stress, the quality
of instructions, complexity of the task or available time) in a reliable way can be evaluated
quantitatively. This is something that further research could be focused on.
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Explanations of concepts
Shorter explanations of concepts occuring in the thesis are presented. To some of the concepts
there can be found a handful of different explanations, that sometimes could be a topic for a
thesis in their own. Explanations relevant and suitable to the aim of this thesis has therefore
been chosen.
Basic event
“A Basic Events represents an event that you have availability parameters for and/or an
event that you do not wish to develop further. Here you define sets of information
(reliability model, reliability parameters, description etc).” (Relcon Scandpower AB, 2009,
p.22)
EOC = Error Of Commission
Error of commission is easily described as the action I do instead of doing what I should do.
More formally error of commission can, in the context of NPPs, be defined as follows:
“A human failure event resulting from an overt, unsafe action, that, when taken, leads to a
change in plant configuration with the consequence of a degraded plant state. Examples
include terminating running safety-injection pumps, closing valves, and blocking
automatic initiation signals.” (U.S. NRC, 2005, p. 6-1)
EOO = Error Of Omission
Error of omission is basically an action that I do not perform, or more formally:
“A human failure event resulting from a failure to take a required action, that leads to an
unchanged or inappropriately changed plant configuration with the consequence of a
degraded plant state. Examples include failures to initiate standby liquid control system,
start auxiliary feedwater equipment, and failure to isolate a faulted steam generator. “
(U.S. NRC, 2005, p. 6-1)
Hollnagel (1998) describes error of omission, more generall, as the failure to perform an action,
where it is then assumed that the action is the appropriate action had that it has a right place
and time to be performed during. Omission is therefore occurred if the appropriate action is not
performed when it is supposed to be. Hollnagel (ibid.) describes three different ways this could
happen; Missing, Delayed or Prematurely. Missing simply means that the action was not
performed at all, delayed that the action was performed too late and prematurely that the action
was performed to early. If instead another action is performed instead of the appropriate one
(an unintended or unplanned action) this is called commission. But logically it follows that an act
of commission cannot be made without an act of omission. Hollnagel (ibid.) summaries error of
omission and commission in Table 1.

Table 1, Errors of omission and commission (cf. Swain,1982), Hollnagel, 1998. p.42

Errors of omission (intentional
or unintentional)
Error of
Selection error
commission

Error of
Sequence
Time error
Qualitative Error

Omits entire step
Omits a step in task
Selects wrong control
Mispositions control (includes reversal
errors, loose connections etc.)
Issues wrong command or information
(via voice or writing)
No details given.
Too early
Too late
Too little
Too much

HE = Human Error
In the context of this thesis human error is simply defined as:
“Unwanted actions or inactions that result in deviations from expected standards or
norms and that potentially place people, equipment, and systems at risk.” (Boring, 2009,
p.31)
HEP = Human Error Probability
Human Error Probability is the result you get when you have quantified your model.
Initiating event
“An initiating event is an incident that requires an automatic of operator initiated action
to bring the plant into a safe and steady-state condition where the absence of such action
can result in severe core damage” (IAEA, 1993, p.20)
PSF = Performance Shaping Factors
Performance Shaping Factors are described by Boring (2009) as those factors that influence the
human performance and error likelihood. PSFs can be either internal or external. Internal PSFs
are things that are brought to the work place by the individual, such as skills, attributes, abilities,
stressed, good/bad day. Individual factors are hard to predict, one thing to do is to build some
sort of marginal. External Performance PSFs are aspects that more belong to the situation than
to the individual human working there, such as situations, tasks, noise or ergonomics.
Hollnagel (1998) describes the concept of CPC – Common Performance Conditions and the
difference between CPCer and PSFs.
"The main difference is that the CPCs are applied at an early stage of the analysis to
characterize the context for the task as a whole, rather than as a simplified way of
adjusting probability values for individual events. In this way the influence of CPCs
becomes closely linked to the task analysis." (Hollnagel, 1998, p. 113)

Recovery Action
”Recovery action is defined as: a PRA [Probabilistic Risk Assessment, authors comment]
modelling term representing restoration of the function caused by a failed SSC [System
Structure Component, authors comment], by bypassing the failure. Such a recovery can
be modelled using HRA techniques regardless of the cause of the failure. Repair is defined
as a general term describing restoration of a failed SSC by correcting the failure and
returning the failed SSC to operability. HRA techniques cannot be used since the method
of repair is not known without knowing the specific causes.” (U.S. NRC, 2005, p. 4-12)
Risk
The domain of defining risk could be an essay of its own, but trying to give a short description on
how risk could be defined as, in regard to the aim of this thesis the following could be said.
Rollenhagen (2005) defines the concept of risk as something that could be explained as the
probability that something negative could happen or give negative consequences.
Boring (2009) defines risk in the simplest of terms, in regard to human terms, as ”risk is the
likelihood of a human error causing loss or damage” and when investigating risk includes these
three questions:


What human actions can go wrong?



How likely are these actions?



What are the consequences of these actions?

Transients
”A Generic name for events leading to an imbalance between input and output thermal
effect in the reactor. “ (Obenius, 2007, p. 10)

Some of the concepts used in this thesis have been explained above, and in the next section an
introduction to the thesis will be given.
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Introduction

This thesis is included in a project initiated by RelconScandpower AB and aims to investigate the
requirements that are put on HRA that are performed as a measure of investigation the influence
of human erroneous action on the risks in nuclear power plants.
SSM is the Swedish Radiation Safety Authority with the national responsibility within the area of
radiation protection and nuclear safety, and it is this authority that puts demands on the ten
nuclear power plant units in Sweden. More precisely the authority works according to
international standards to make sure:


No unnecessary use of radiation is permitted



That each individual is protected against risks that are far too large through individual
radiation dose limits



Keep the radiation doses as low as reasonably achievable, not just under the permitted
limit but as low as reasonably is achievable. (SSM, 2008)

To be able to meet these demands from the authority the nuclear power plants performs a series
of analyses, were one of them is PSA (Probabilistic Safety Assessment) and as a part of the PSA is
the HRA (Human Reliability Analysis).
PSA, which sometimes also is called PRA (Probabilistic Risk Analysis) is basically a probabilistic
calculation over the mechanical parts of the nuclear power plant. However the nuclear industry
also includes human operators, whose actions is harder to put a probabilistic assessment on; the
HRA is used to include the human actions into the whole of the PSA.
PSA is a large method for analyzing the probability of a core damage including several different
parts, in Figure 1 is a simplified overview of how a PSA can be performed. As can be seen PSA
can be performed on three different levels:
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Level 1: core damage



Level 2: release of radiation



Level 3: analysis of radiation to the environment, and health effects

Figure 1, Overview of the PSA process, (JNES, 2007), p. 10
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HRA is one of many parts of the PSA, and can be performed on each of the three levels, in Figure
2 is an overview of steps included in the HRA. Boring (2009) writes that:
”HRA is a solid set of tools and methods that helps ensure human contributions to risk
are identified and mitigated.” (Boring, 2009, p. 99)
The outcome of a HRA is basically a probabilistic value that is put into the PSA as an estimate of
the human contribution to the safety in the nuclear power plant. The result of the PSA is in
essence a probabilistic estimate on the likelihood of a core damage according to those premises
and assumptions made in the analysis. To make it very short, both PSA and HRA are methods to
make a probabilistic estimate of the likelihood of a core damage in the nuclear power plant
(level 1). PSA includes both a probabilistic estimate of the mechanical parts as well as the HRA
that is focusing on the human actions that could contribute to a core damage.
Select and train team

Initial identification of
human activities

Model all systems, and
identify it's interactions

Screen human
interatctions

Characterize human
interaction

Quantify human
interactions

Add recovery actions
to the model

Review results
Figure 2, Overview of HRA process

This was a shorter description of the area of the use of PSA and HRA in nuclear power plants,
and an overview of what the two analyses includes. The next section will present the research
questions of this thesis, along with boundaries and the outline of the report.
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1.1 Research questions
The purpose of this study is to compare requirements on HRA used in Sweden and HRA
requirements used internationally. This is mainly done through a literature survey, but also
through an empirical study.
The aim of the thesis can be broken down into the following questions:
 What requirements do international standards have on HRA?
 Do requirements on different PSA applications put any specific requirement on the HRA
that is included in the PSA?
 What requirements do Swedish NPPs have on HRA?
 Does the way HRA has been performed on Swedish NPPs comprehend to the requirements
the international standards include?
o

Is there a difference regarding this between units and/or NPPs?

1.2 Boundaries
As mentioned PSA can be performed on three levels, level 1 and 2 will be included in this report
but not level 3. The reason for this is basically that the Swedish NPPs does not have any
requirements from the authority to perform PSA level 3, and therefore there is not many
analysis of this kind that has been performed.

1.3 Outline
Since HRA is one part (amongst several) in PSA, the thesis will (in section 2) begin with a short
examination of PSA and PSA applications, and will investigate if (and in the case when it’s
possible how) the requirements of the HRA/PSA changes depending on its application.
Following (section 3 and 4) is a description of the technical parts of a PSA and thereafter of
which technical part that is to be included in a HRA and the requirements of these.
Section 5 presents a walkthrough of which method the study has used and in section 6 the
results of the thesis is presented. The results are discussed in section 7 and the method are
discussed in section 8. Lastly are the conclusions presented in section 9 and the possibilities to
further research in the area are discussed in section 10.
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2

Nuclear Power

To get an introduction to the area of nuclear power plants, the development of the safety culture
in the domain and how PSA became to be such a widely used method a short historical overview
is given. In the end of this section a shorter summary of the international organisations writing
standards regarding PSA and HRA are presented.

2.1 Historic overview of nuclear safety
The history of nuclear power plants (NPPs) starts in the United States. Nuclear power was from
the beginning the responsibility of the Atomic Energy Commission (AEC) that was established in
1946 as a part of the Atomic Energy Act (Keller & Modarres, 2005). Their purpose was to have a
strict control over atomic technology, as well as exploit it further for military applications. 1954
a new Atomic Energy Act replaced the old act from 1946 which ended the government’s
monopoly and it was now possible for commercial development of nuclear power. This new
Atomic Energy Act also included paragraphs that AEC should:
“[…] regulate the anticipated nuclear industry to protect health and safety from
radiation hazards.” (Keller & Modarres, ibid., p.272)
The 1954 Atomic Energy Act could thus be said to be the start of safety thinking in nuclear
power plants, even though from the beginning it was mostly forced from the government. Safety
was defined as:
“[…] the ability of the nuclear reactor to withstanding a fixed set of prescribed accident
scenarios judged by the AEC experts as the most significant adverse events in a nuclear
power plant.” (Keller & Modarres, ibid., p.272).
To be able to measure the likelihood of radioactivity to be released into the environment AEC
recommended the use of deterministic approaches, with conservative assumptions. To sustain
safety AEC applied a defence-in-depth concept that means that they used several layers of
independent ‘barriers’ to prevent a release of radioactivity to the environment. In more detail
defence-in-depth means: ”
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Use multiple active and/or passive engineered barriers to rule out any single failures
leading to release of radioactive materials



Incorporation of large design margins to overcome any lack of the precise knowledge
(epistemic uncertainty) about capacity of barriers and magnitude of challenges imposed
by normal or accident conditions.



Application of quality assurance in design and manufacture.



Operation within predetermined safety design limits.



Continuous testing, inspections, and maintenance to preserve original design margins. “
(Keller & Modarres, ibid., p. 272-273)

Keller & Modarres (ibid.), article that is a tribute to the work of the late professor Norman Carl
Rasmussen, also states that it was during the 1960s that the first book describing PSA, System
Reliability and Risk Analysis, was written by Ernst Frankel (the first edition of the book was
published in the beginning of the 1960s, and several editions have been published afterward,
one of the later in 2002). The book by Ernst Frankel was followed by more material being
published about nuclear safety, and it was established that defence-in-depth could not alone
eliminate all risks. As the number of nuclear power plants grew, so did the organized opposition
and the field started to take greater influence from other industries. For example, NPPs tried to
use fault trees from aviation, but the technique was to complex and to time- and resource
consuming leading up to exploring the use of event-trees instead. This could be said to be the
actual start of using PSA methodology in reality. It was also during this time that the Reactor
Safety Study (RSS) started which resulted in the WASH-1440 (which Norman Carl Rasmussen
was a co-writer to) report and the review report of it namely the Lewis Committee Report. Even
though the Lewis Committee presented both negative and positive critique on the RSS report,
NRC (Nuclear Regulatory Commission) withdrew their funding to RSS and spent two months on
rewriting NRC documentation, taking away all reference made to the RSS. Also Keller &
Modarres (ibid.) and JNES (2007) states that it was shortly after this work was done that the
accident on Three Mile Island (TMI) occurred.
As the events leading up to the accident at Three Mile Island in some parts was similar to
accident sequences that was established in the RSS report, and something that the NRC hadn’t
calculated as a possible risk, NRC spent another two months on rewriting the references made to
the RSS report. NRC did also spend more emphasis on operator training and human factors in
plant performance and on investigation severe accidents that could be a result of small
equipment failure. Following the report by RSS and the accident at TMI, NRC devoted more
resources to the expansion of PSA within the nuclear power industry. This is a very short
historical overview, which probably plays a role in the fact that 74 PSAs was performed at 106
NPP up to 1992 and that PSA today is used in NPPs worldwide and allows the operators to
determine where weaknesses are in the safety systems, and also to allocate the right resources
to the correct potential safety problems (Keller & Modarres, ibid.).
JNES (2007) continues their historical overview with the addition that the European countries
that experienced the Chernobyl accident have fostered a safety culture through the IAEA and
OCED/NEA organizations (these two organisations are described below) and from that been
taking measures and sharing the latest PSA technology. JNES (ibid.) also states that some of the
initial purposes of PSA were to understand design weaknesses and how to improve operation
manuals. But that PSA today also includes activities such as maintenance and test as well as
inspection and quality assurance.
To give some guidance on how to perform PSA and HRA are some international standards and
reports, there is no equivalent information to be found nationally. The three main international
standards that this thesis studies are documents from IAEA (international Atomic Energy
Agency), U.S. NRC (United States Nuclear Regulatory Commission) and ASME (American Society
of Mechanical Engineers).
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IAEA describes themselves as:
“[…] the world’s center of cooperation in the nuclear field” (IAEA, 2009)
The organisation was set up in 1957 in the United Nations and works with member states and
partners across the world to promote neculear technologies that are safe, secure and peaceful.
NRC was created in 1974 as an independent agency with an aim of safe using of radioactive
material for the benefit of the civilian. As follows from NRC (2009) the aim of the organisation is:
“To regulate the nation's civilian use of byproduct, source, and special nuclear materials
to ensure adequate protection of public health and safety, to promote the common
defense and security, and to protect the environment.” (NRC, 2009)
This aim covers the following three main areas;
 Reactors – commercial reactors, both for generating electrical power but also for research,
testing and training
 Material – nuclear materials used in medical, industrial, and academic setting
 Waste – transportation, storages, and disposal of nuclear materials and waste
ASME was founded in 1880 and is a not-for-profit professional global engineering community
that according to ASME (2009) “enables collaboration, knowledge sharing and skill development
across all engineering disciplines”.
This was a short overview of the history of PSA and its development in the nuclear power plant
industry, in the next section the process on PSA will be further described.
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3

PSA – Probabilistic Safety Assessment

In this section the process of PSA will be described, followed by a review of the technical
elements that should be included in the method for it to be called a full PSA. An overview of
different domains or application areas for the PSA is given and the requirements that is put on
the PSA depending on the aim of performing it.
PSA, sometimes also mentioned as PSA, is a probabilistic method or tool used in for example
nuclear power plants (NPPs) for deriving numerical estimates of risks (IAEA, 1995). IAEA
(2006) gives the following description of PSA as a method that:
“[…] provides a comprehensive, structured approach to identifying accident scenarios
and deriving numerical estimates of risks. In addition to the traditional deterministic
analysis, it is a powerful tool for identification of significant accident sequences and
associated plant vulnerabilities dealing with the design and operation of the plant.”
Obenius (2007) describes PSA in a similar way, namely that the aim of PSA is to identify errorcombinations that will eliminated all safety barriers, the result will be presented as a frequency
of core damage or radioactive spillage.
The PSA technique was used for the first time in a nuclear power plant in 1975 in USA, but
during the late 1970s its use spread to more parts of the world (INSAG, 1992). From this study
(in 1975) and onwards the method for performing PSA has developed substantially and can
today be considered to be a standard tool in evaluation of safety in nuclear power plants. IAEA
(2001) mentions that PSA have been used on 200 nuclear power plants and mainly to get an
generic insight on risks in NPPs. PSA has also been used for other analysis, IAEA (1995)
describes that PSA is being used to identify and understand different sensitive parts in the NPP,
and for example to analyse how a change in the design can influence the safety. The PSA could be
said to be a living document, this means that all PSA analysis in a NPP is constantly being
updated about the risks involved in operating the NPP.
PSA can be said to have three aims:


“identify and delineate the combination of events that may lead to a severe
accident.



assess the expected probability of occurrence of each combination.



evaluate the consequences.” (IAEA (1995); INSAG (1992))

What PSA can be used to perform is to define possible mishaps and plant vulnerabilities that lies
both in information about plant design, operation practices and histories but also information
about component reliabilities, human behaviour, accident phenomena and thermal hydraulic
plant response (IAEA, 1995). Another author that describes PSA in a similar way is Kirwan
(1994), stating that PSA can be used to identify the way in which hazards can occur in the daily
work of system operation and maintenance. This then can be used to calculate the probability
and frequencies of an event to occur and also the consequences of that. This information will
then be used and mapped to the standards and criteria in the domain it’s being used, and
hopefully lead to changes in the design, operating or maintenance of the nuclear power plant
that will lead to a lower probability of that hazard, e.g. that that sequence of events will occur. It
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varies where the sources of this information, the data that is required to relate the reliabilities of
the different components in the system and actions performed by the operators comes from.
That data can be derived from eligible databases, from other plants (that may have different
operating conditions and/or other components). But as INSAG (1992) continues the most
preferable way is to use data direct from the specific unit that the PSA is performed on.
Kirwan (1994) presents different steps of performing a PSA, which are shown in Figure 3 and
explained in more detail below.

Figure 3, Overview of the steps in a PSA. Kirwan, 1994, p. 18

Identifying hazard
Kirwan (ibid.) mentions both formal and informal ways to identify hazards, among the informal
ways are; reviewing previous accident experiences, expert assessor or reviewing hazards
identified in other and similar plants. These informal methods have their backsides, through the
fact that two different plants can never be operationally identical. When it comes to the more
formal methods, Kirwan (ibid.) takes up HAZOP (Hazard and Operability Analysis), event-tree
and fault-tree as examples. These three different methods look at the plant operation process in
a systemised, step-by-step way to identify where hazards can occur. In more detail HAZOP uses
eight to ten guidewords to analyse all parts of a plant. When possible hazards are identified the
method fault-tree or event-tree can be used to assess the level of risk for the earlier identified
hazards. Fault-tree is a top-down approach, where you start with a top-event and from that you
identify which single or combinations of events that could lead to the top event.
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The combinations of events is connected through gates, either AND or OR gates. Kirwan (ibid.)
emphasise the central role that human errors play in the construction of fault-trees. Keller &
Modarres (2005) describes the fault-tree analysis as a deductive, systematic and holistic
assessment. That can highlight the faults modelled, which one that is critical and the effects on
the process. Kirwan (ibid.) continues to explain the basics of an event-tree, that starts from a
basic initiating event and from that you map out major events in a sequence that could lead
either to recovery and a normal status or to an accident. Keller & Modarres (ibid.) describes that
the event-tree looks at two separate areas. Where the first covers failures in the major system
(PSA level 1) and the second investigates the nuclear power plants containment systems ability
to prevent the spread of radiation if an accident would occur (PSA level 2).

Estimating risk
When both the potential hazard and the possible sequence of events leading up to it are
identified, the next step in the PSA is to estimate the risk for that action to happen. This is
performed through a quantitative evaluation, such as using frequencies, probability or failure
rates. For a fault tree the goal could be to produce a “single top-event per year” and for an eventtree it could be to produce event frequencies per year for each accident outcome that was
identified in the step before. Both of these rates are either taken from a database or can be
calculated by a model. Neither the database nor which model to use is further explained by
Kirwan (1994), but will explained in more detail later on. When the rates have been calculated,
the consequences of each of the identified accident have to be assessed. Depending on the extent
of the event, conditions at the time of the event and the degree of exposure of the individual
there is a range of models to choose from when assessing the consequences of a certain chain of
events leading up to an accident.

Risk criteria
The estimating risks from the step before are now to be compared to the acceptable risk criteria
for the domain the study is performed in. Which of course is a very debatable area, how can you
put a number on what is and what is not an acceptable risk criteria? Kirwan (1994) for example
mentions that the acceptable worker fatality frequency may be stated to be once in 100,000
operational years (10-5), while the acceptable fatalities to the public from the plant may be 10-6.
This fatality criterion is one of the main arguments against the use of PSA as a whole, but as the
process of performing a PSA looks as it does it is still a necessary part.

Risk comparison
If some of the estimated risks breached the risk criteria, the system design must be improved in
some way. One part of the PSA is to perform sensitivity analysis, to conclude where the largest
risk contribution comes from, and here choose a risk-reducing strategy. Before the risk-reducing
strategy is fully implemented into the system, a calculation of the new risk estimations should be
done. It’s also important to review the impact of the new changes on human operations, and to
be sure not overlooking new risk that might arise from the new changes. This is the last step in
the PSA process before quality assurance and documentation.
INSAG (1992) gives a similar description of how to perform a PSA, the general approach to
performing a PSA is to define a set of initiators that in some way could be a threat to the safety of
the power plant. From these initiators the sequences of events that could lead to non wanted
consequences and the probability for these to occur are drawn.
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Furthermore, IAEA (1995) describes that a PSA can have one or more of these three objectives:


“to assess the level of safety of the plant and to identify the most effective areas
for improvement ,



to assess the level of safety and compare it with explicit or implicit standards,



to assess the level of safety to assist plant operation” (IAEA, 1995)

PSA could be performed on three levels of analysis ((INSAG, 1992); (IAEA, 1995)) where the first
level can be broken down into several constituent parts. Level 1 of a PSA includes an assessment
of the plant design and the focus is on accident sequences that could lead to core damage. This
level can therefore lead to insights about design strengths and weaknesses and ways to prevent
core damage. Core damage could be a precursor to an accident leading to a major radioactive
release. Level 2 of a PSA is built on the analysis made in level 1 and similar to the first level, level
2 focuses on core damage accidents, but from the view of the response of the containment. Level
2 gives a greater insight in the severity of the radionuclide that a release would cause. Level 2
also points at weaknesses and improvements that need to be done in the mitigation and
management of an accident of that sort. Level 3 of a PSA, further builds on the level 2 analysis
and also includes an analysis of radionuclide’s to the environment, and health effects of this. A
level 3 analysis provides insights in the importance of what an accident can lead to and through
that also an insight in the importance of accident prevention (IAEA, 1995).
IAEA (2001) describes the difference between level 1 and level 2 PSA as follows:
“For example, a Level 1 PSA may be adequate to support decision making in areas
relating to core damage frequency, but a Level 2 PSA would provide a more sound basis
for the decision making process as it considers both core damage and off-site release.
Also, a Level 2 PSA will allow the treatment of issues related to the containment and
containment safeguards.” (IAEA, 2001, p. 16)
From Relcon Scandpower documentation (RelconScandpower, 2007) the following aims for PSA
can be found:
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"Identify non-normal sequence of events that could lead to an undesirable
consequence.



All barriers, and in which way they are connected should be looked at



Faulty components and human erroneous actions is considers



Quantitative assessment of the plants safety



It is through these aims that PSA will make it possible to:



Create an overall picture of the safety on a NPP



Identify possible weaknesses



Rate safety enhancing measures



Compare and priority safety enhancing measures" (RelconScandpower, 2007)

3.1 PSA technical elements
A PSA consists of different elements, different “technical parts”. The individual different
elements have different requirements that together build up the requirement on the whole PSA
analysis, depending on the application on which the PSA is used. Different PSA applications will
be described in the next part, 3.2.
Below, Table 2, is a juxtaposition of the technical elements that should be included in a PSA
according to three different international standards. For NRC (2007) the seven first elements are
included in PSA level 1 and the last four elements are included in PSA level 2.
Table 2, Comparison of PSA technical elements between international standards

IAEA (2006)

NRC (2007)

ASME (2001)

Initiating Events Analysis

Initiating Event Analysis

Initiating Event Analysis

Accident Sequence Analysis

Success Criteria Analysis

Accident Sequence Analysis

Success Criteria
Formulation and Supporting
Analysis

Accident Sequence Analysis

Success Criteria Analysis

Systems Analysis

System Analysis

System Analysis

Human Reliability

Parameter Estimation Analysis

Human Reliability Analysis

Data Analysis DA

Human Reliability Analysis

Data Analysis

Dependent Failures Analysis

Quantification

Internal Flooding

Model Integration and Core
Damage Frequency
Quantification MQ

Plant Damage State Analysis

Quantification

Results Analysis and
Interpretation

Accident Progression Analysis

LERF Analysis

Quantification
Source Term Analysis

IAEA (2006) also concludes that:
“Depending on what the purpose (aim) of doing the PSA is, on what the PSA is performed
different of the nine elements above should be included in the PSA.” (IAEA, 2006, p. 17)
But the report doesn’t further elaborate which elements are more important for which
particular aims of the PSA.
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ASME (2001) has a set of High Level Requirements (HLRs) for each element in the PSA that are
the minimum requirements for a technical acceptable PSA. Every HLR includes a set of
Supporting Requirements (SRs), the SRs are described in more detail in the technical
requirements. SRs are divided in three groups, namely three different Capability Categories
(CCs) that corresponds to the requirements of the PSA. The three Capability Categories are
divided in the three criteria’s:


Scope and level of detail



Plant-specificity



Realism (ASME, 2001, p. 5)

If the PSA analysis includes the requirement of Capability Category 1, it could be said to be a
good basic PSA and if the PSA meets the requirement of Capability Category 3 it could be said to
be a full PSA. In other words the degree of scope and level of detail, the degree of plantspecificity, and the degree of realism increases from Capability Category 1 to Capability Category
3.
Depending on your aim of performing the PSA, for which domain it is to be used, different of the
technical elements can be more or less important. In the next section four identified domains for
using PSA are presented, and the following section reports some specific requirements found in
the international standards.

3.2 Domains for PSA in NPPs
Every unit in a NPP in Sweden has to perform PSA analyses, this could be called a basic PSA or a
basic application of PSA, where the PSA is performed on the first two levels described before,
level 1 and 2. This basic PSA can also be used on other applications such as:
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Risk Follow Up-studies. Which is a follow up study of an occurred event, such as
component malfunctioning, support system failures, it could also be to verify that the
model you are using is reliable. A Risk Follow-Up activity does not by itself verify the
model. However, such activity provides insights in strengths and weaknesses in the
model and such insights are useful in the further PSA model development.



STF – Safety Technical Specifications. This application means that you analyze/verify
your STF that are specific for every NPP unit, this could be made due to a proposed
change in the STF or in the unit. It could also include analyzing a test interval, how long a
test interval should be and how often it should be performed (to have an optimized test
interval). The STF is a set of rules covering requirements on operability of systems and
components during different operating modes, allowed outage times in case of failed
equipment, before some action is needed, and what to do in case that time limit is
reached. The STF also include information on test intervals. One application is
verification/change of test programs. SSM statutes indicates the use of PSA for such
activities, however it is not a requirement. Another application concern allowed outage
times (see below).



In-service inspection program, is another application, where you purely mechanical go
through the different parts of the NPP.



Verify/change allowed outage time (AOT) This application includes a PSA analyzing the
risk of continued power operation for a certain time period “if a component is
unavailable” compared to the risk when shutting down the plant with the component
being unavailable. How long can the unit be kept running on full power before it must be
shut down”. (Tutormeeting, 2009)

The above four applications of a basic PSA is the applications that will be used in this report. The
requirements for the basic PSA and these applications will be looked into and later on compared
to the requirements on the HRA part (that is an element in the PSA analysis).

3.3 Requirements on PSA/HRA
There are different documents describing requirements on your PSA (and HRA) depending on
what your aim is of performing the PSA. Some of these requirements that are connected to HRA
are included below.
From ASME (2001) follows that it is recommended that ”the chosen methodology provides a
model which enables a quantification based on performance shaping factors”. Examples of
performance shaping factors are:


Time window



Complexity or difficulty if the situation



Status of the procedures



Efficiency of indicators and of operator aids



Stress



Training

These could be viewed as six PSFs that should be included and regarded in the HRA, and further
developed if needed. These PSFs are also in accordance with examples of PSFs mentioned in
other standards and guidelines.
In SKI (2003) it is stated that human interactions are an important part of PSA, which should be
established. It also follows that the human interaction should be documented carefully and in
sufficient detail. It is also stated that the human interaction should be evaluated in a way that
facilitate the identification of qualitative attainments that gives a foundation for
recommendation for improvements. In regard to this the document also asks the question if
dependencies are modelled for human interactions. These requirements only states what should
be done and included in the analysis, not how it is suppose to be done or more specific demands
on for example how dependencies should be modelled.
SKI (ibid.) also states that analyses of manual operations are to be included in a PSA and that
includes a careful analysis of the unit’s response to a disturbance. It is said in the document that
this analysis is greatly unit specific and influenced by for example instructions, routines and
organization.
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SKI (2004) states that an uncertainty analysis should include six factors; parameters for error
data, modelling of human-machine interaction, modelling of dependency, system modelling,
uncertainty in transient- and consequence analysis and estimate of risks. Modelling of humanmachine interacting could be interpreted as a requirement that HEP should be developed
together with uncertainties, and not as a fixed value.
U.S. NRC (2005) writes about repair that is defined as:
“[…] a general term describing restoration of a failed SSC (System, Structure, and
Component, authors comment) by correcting the failure and returning the failed SSC to
operability. HRA techniques cannot be used since the method of repair is not known
without knowing the specific cause.” (U.S. NRC, ibid., p. 4-12)
The citation above states one thing that HRA cannot be used for. Because you have to know
exactly what has been broken to be able to do a reasonable assessment of the possibilities to
repair it. What HRA cannot be used for could be as important as to know it can be used for.
Another document NRC (2007), states its requirement regarding uncertainty both for HRA and
other technical elements in the PSA:
”[…] as each technical element of the PRA is performed, the sources of uncertainty are
identified and analyzed such that their impacts are understood at this level (e.g., accident
sequence development, human reliability) and on the risk results (i.e., CDF and LERF)
[Core Damage Frequency and Large Early Release Frequency, authors comment]. ” (NRC,
ibid., p.6)
The document also has some requirements on that a fault-tree should be built so that it takes
dependencies to other systems into consideration; this is not a specific requirement for HRA but
more a general requirement.
”Systems analysis identifies the different combinations of failures that can prevent the
system from performing its function as defined by the success criteria. The model
representing the various failure combinations includes, from an as-built and as-operated
perspective, the system hardware and instrumentation (and their associated failure
modes) and human failure events that would prevent the system from performing its
defined function. The basic events representing equipment and human failures are
developed in sufficient detail in the model to account for dependencies between the
different systems and to distinguish the specific equipment or human events that have a
major impact on the system’s ability to perform its function. ” (NRC, ibid., p.8)
NRC (ibid.) also has a requirement that PSFs that are attributable to flooding should be included
in the analysis, it is not said how or what those specific PSFs are or could be, just that the HRA
should take such PSFs that are attributable to flooding should be accounted for.
In U.S. NRC (2002) there is a requirement that HEPs should include uncertainty, which is stated
in the following:
”Parameter uncertainties are those associated with the values of the fundamental
parameters of the PRA model, such as equipment failure rates, initiating event
frequencies, and human error probabilities that are used in the quantification of the
accident sequence frequencies. They are typically characterized by establishing
probability distributions on the parameter values.” (U.S. NRC, ibid., p. 19)
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Why uncertainties are good to take into account are also explained in the same document:
”The development of the PRA model is supported by the use of models for specific events
or phenomena. In many cases, the industry's state of knowledge is incomplete, and there
may be different opinions on how the models should be formulated. Examples include
approaches to modelling human performance, common cause failures, and reactor
coolant pump seal behaviour upon loss of seal cooling. This gives rise to model
uncertainty. In many cases, the appropriateness of the models adopted is not questioned
and these models have become, de facto, the standard models to use.” (U.S. NRC, ibid., p.
19-20)
In U.S. NRC 1.175 (1998) that is a Regulatory Guide including risk informed decision-making for
in-service testing, the following requirement can be read:
”For each human action that compensates for a basic event probability increasing as a
result of IST (Inservice testing, authors comment) relaxation, there should be a licensee
commitment to ensure performance of the function at the level credited in the
quantification. Excessively low human failure probabilities less than 10-3) cannot be
accepted unless there is adequate justification and there are adequate training
programs, personnel practices, plant policies, etc., to ensure continued licensee
performance at that level.” (U.S. NRC, ibid., p. 12)
In U.S. NRC 1.176 (1998) there is an indirect requirement regarding that there can exist other
systems than those that are modelled that could influence the human error probability (HEP):
” If the system is not modelled in the PRA, the licensee should determine why the system
was not modelled and, guided by this determination, investigate through a traditional
engineering review whether any system functional failure will degrade the performance
of any human actions or any other systems' high safety-significant functions. A systemlevel safety significance may be assigned based on the documented results of the review.”
(U.S. NRC, ibid., p. 8)
U.S. NRC (ibid.) also presents a requirement regarding sensitivity analysis and how to consider
recovery actions and Common Cause Failure events:
“These sensitivity studies are desirable since human actions and CCF probabilities are
derived from models requiring extensive interpretation and manipulation of observable
data. When an SSC moves into the high safety-significant category as the result of a
sensitivity study, the expert panel should consider the reasonableness of the recovery
action or CCF event that caused the low safety significance in the original results and
consider assigning the SSC into a higher safety-significant category. If the sensitivity
studies are not performed additional peer and NRC staff review of the human error and
CCF probability development may be necessary to develop confidence that the
quantitative results provided to the expert panel are sufficiently robust to support the
categorization process.” (U.S NRC, ibid., p.9)
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In U.S. NRC 1.177 (1998) there is a specific requirement in consideration to STF (STF = TS =
Technical):
”Consistency with the defence-in-depth philosophy is maintained if: Defences against
human errors are maintained, e.g., TS change requests should consider whether the
anticipated operation changes associated with a change in an AOT(Allowed outage time,
authors comment) or STI (Surveillance test intervals, authors comment)could change the
expected operator response or introduce any new human errors not previously
considered, such as the change from performing maintenance during shut down to
performing maintenance at power when different personnel and different activities may
be involved.” (U.S. NRC, ibid., p.7-8)
Another clear requirement than can be found in the same document, is that of requirements on
analysis of test strategies:
”When different test strategies are being evaluated, the human error term should be
evaluated. Specific assumptions that were used in quantifying the human error common
cause term should be identified and checked if they apply for the test strategy being
analyzed. For example, if the term was developed assuming a sequential test strategy, but
a staggered test strategy is being analyzed, the term should be modified to reflect this
change. The failure probability from a common cause human error for a staggered test
strategy is expected to be significantly lower than that for the sequential test strategy. ”
(U.S. NRC, ibid., p. 22)
In U.S. NRC (2003) is a requirement in regard to a breaking pipe:
”For ISI-specific analyses, the human reliability analysis methodology used in the PRA
must account for the impact that the piping segment break would have on the operator's
ability to respond to the event. In addition, the reliability of the inspection program
(including both operator and equipment qualification), which factors into the probability
of detection, should also be addressed. ” (U.S. NRC, ibid., p. 18)
Relcon (2005) states that in SKIFS (2004:1) there is no explicit requirements on exactly how a
PSA should be performed, what is stated as an requirement is that a probabilistic method should
be used. In Relcon (ibid.) it is also mentioned that in SKIFS (ibid.) there is general advice that it is
PSA that should be performed and that it should include both level 1 and 2 and for different
operation modes. It is also stated that SKIFS (ibid.) in their description often uses words such as
should and can instead of must, and this could be seen as it is not exact requirements but instead
advices and tips on how to perform the PSA. In their comparison Relcon (ibid.) also includes the
document SKI (2003) and this document seems to have the purpose to act as a support for SSM
when they inspect performed PSAs. Relcon (ibid.) comments that SKI (ibid.) is a stricter
guidance than SKIFS (ibid.), but even in this it is some questions about exact how the PSA should
be performed and how to fulfil the requirements. SKI (ibid.) also gives some more information
on what should be included in the PSA both to reach credibility in as well results as its usage, but
more guidance on how different tasks or factors should be regarded is missing.
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Another document that is evaluated in Relcon (ibid.) is from the European Utility Requirements
(EUR) that put requirements on analysis when you are to put up a new NPP. One section in these
two volumes includes requirements on PSA methodology. A big difference between this
document and the two earlier SKIF (2004:1) and (SKI (2003) is that EUR more explicit writes
what should be included in the analysis and if you chose not to include one step this must be
clearly motivated. In Relcon (ibid.) EUR is described to be written as a handbook with direct
instructions on which method to use. Relcon (ibid.) also mentions ASMEs PSA Standard for PSA
1 fullpower and limited level 2 is described briefly (ASME, 2001) . The thought of ASME (2001)
is that if the PSA fulfils the requirements on the highest level it should be able to be used for any
application. ASME (ibid.) makes a division of capacity. Relcon (ibid.) describes that ASME (ibid.)
(as well as EUR) put more explicit/clearer requirements on the PSA than what both SKIFS
(2004:1) and SKI (2003) does. One difference that is mentioned is that ASME (ibid.) also
mentions that the study should be as realistic as possible. ASME (ibid.) describes which
requirements that should be fulfilled for each ”moment”, these are called HLR (High Level
Requirements) and for every HLR there is a number of SR (Supporting Requirements), these SR
says what should be fulfilled for the HLR to be meet.
This part has included information about PSA; both the process of the analysis, its technical
parts, different applications and some requirements. The next part will describe similar
information regarding HRA.
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4

HRA – Human Reliability Analysis

As PSA is or is becoming a standard method when calculating risks in NPPs it is important that
the analysis is reliable and hold a high quality. As HRA is an element in the total of the PSA
analysis it’s also important that the HRA hold a high quality. This seems to be hard to evaluate,
as U.S. NRC (2005) writes that HRA is characterized by a lack of consistency of how it is applied
within the PSA. This is also something that Obenius (2007) mentions in her report:
”The fact that the analysis is a part of a larger PSA, means that the goal is to identify risks
and to quantify them, to be able to produce input to the PSA model (i.e. to compute
probabilities that through the fault-tree is included in the overall risk assessment for the
analyzed error). Despite this, however, differences in approach and depth in the analysis
can be noticed. This may partly be because the analysis is tailored to the facility being
analyzed, but the differences may also be because there are no formal requirements for
what a human reliability analysis must include.” (Obenius, 2007, p.49)
Hollnagel (1998) is another author describing amongst other areas human reliability, he
describes the scope of human reliability as
“[…] a hybrid between psychology, ergonomics (human factors), engineering (hardware)
reliability analysis, and system analysis.” (Hollnagel, 1998, p. 39)
Hollnagel (ibid.) further explains that from the beginning the assumption was that human
performance and actions could be described in the same way as the performance of a machine.
This was found to be invalid and the search for a more realistic approach to describe and model
human actions begun. According to Hollnagel (ibid.) many of the HRA methods that in some way
are still being used today was developed during the early 1980s, probably as a result of the
accident at TMI. But HRA was then and is still, in many methods, within the shell of PSA, and
therefore the scope of both PSA and HRA is limited. HRA is in the early methods limited to
consider the human actions that are included in the PSA event tree, and the quality of the HRA is
therefore dependent on the completeness and accuracy of the PSA event tree. As HRA was
developed within PSA, there is no surprise that many of the HRA methods is focusing on if a
human action was performed or not, just as a mechanical part is working or not working. This
mode of thinking has later developed into correctly performed action and a failure to perform an
action. Also know as omission and commission, described earlier. Hollnagel (ibid.) describes the
early HRA (first-generation HRA) as an sort of appendix to PSA, and that this is one explanation
for why HRA developed into accepting the notion of models such as event trees and the need of
data for isolated events (the Human Error Probabilities). Hollnagel (ibid.) also proposes that
HRA has to extend its scope and emerge as an own field of practice to be able to develop
methods that don’t rest on the PSA assumptions of cognition but on the other hand develop new
methods that better understands the nature of human reliability, and as a part of that both the
development of how to model human cognition and erroneous actions. The HRA methods that
describe themselves as second-generation HRA tried to make changes to the methods in
different ways to better model human reliability. Some by:
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Enhancement of the PSA event trees, for instance by using feedback from the HRA to
modify the event trees;



Diversification of error modes in order to enable a treatment of ‘cognitive errors’;



Expanded treatment of PSFs by including them at an earlier stage of the analysis, and by
considering qualitative as well as quantitative effects;



And improved operator models, by important ideas from multi-stage information
procession models.

These different ways of trying to develop better HRA methods is quite diverse and could, as
Hollnagel (ibid.) writes be a result of the lack of a commonly agreed conceptual basis for HRA,
but also to the different purposes of the models development.
Another author defining HRA is Boring (2009) with the following definition:
“The use of systems engineering and human factors methods in order to render a
description of the human contribution to risk.” (Boring, ibid., p. 18)
Boring (ibid.) continues to define risk in human terms as the following:
“Risk is the likelihood of a human error causing loss or damage.” (Boring, ibid., p. 20)
More specifically human risk can be broken down into:


What human actions can go wrong?



How likely are these actions?



What are the consequences of these actions?

HSE (2009) describes HRA as a method with both qualitative and quantitative features to be able
to validate or establish human’s assistance to risks. There does not exist just one HRA method
but an abundance of methods. These can be divided in first-, and second generation HRA. To give
an example of the range of HRA methodology one can mention that HSE (ibid.) identifies 72
different methods of which they study 35 and describes 17 of the methods in more detail in their
report.
HRA is one part of a whole PSA analysis, which aims to include human actions to the whole
probabilistic assessment of the events that could lead to a core damage and release of
radioactivity. In the next section a deeper explanation of the HRA procedure and its different
technical elements will be further explained.
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4.1 HRA technical elements/HRA procedure
Kirwan (1994) describes the general process of performing a HRA according to Figure 4 below;
the major steps are described further below the figure.

Figure 4, Example of HRA general methodology. Source: Kirwan (1994), p.32
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The first step Problem definition (1) is where the HRA scope will be determined; to do this the
analysis team should answer a number of questions, examples of questions are the following:


Is the HRA part of a PSA or is it a stand-alone assessment?



Is a quantified estimate of reliability required?



In what stage of development is the system?



How extensive are the resources available for the HRA?



Is the HRA to be PSA-driven (e.g. with the PSA determining the scenarios to be analyzed
or can the HRA itself determine what situations to assess?



And most importantly: How vulnerable is the system to human error?

The next step is Task analysis (2), where the purpose is to through formal methods describe
and analyze the human-system interactions. A well performed task analysis will give a good
view of what the operator should be doing, what the human role in the system is and from there
consideration of what error that can occur can be explored.
When the task analysis is performed the next step includes Identification of human erroneous
actions (3), which most likely is the most difficult part of the HRA process and also one of the
weakest links in HRA. This probably goes back to the fact that human have a vast repertoire of
actions/responses to actions, even though this has been shown to be limited to a limited number
of forms that can be anticipated in different models. But these haven’t got the attention they
need, because the primary focus has been on quantifying human-error probabilities.
Human error representation (4) is the next step which includes three main steps; first to
logically evaluate the human errors to see both the importance of each and one and also to sum
the combined risk probabilities of all failures and combinations of failures. This is regularly done
in event- or fault-trees, but more sophisticated methods such as simulations also exists. When
doing this it is also important to model the dependencies between different failures, is the error
occurring in “just one” part of the plant there will be one probability. This probability will go up
if the error is occurring in every similar part of the plant. Lastly the errors identified and
evaluated will be screened. Basically the screening process excludes the human errors that for
some reason do not need to be further analyzed. This could basically be done by excluding
human errors that have a very low probability of occurring, and that don’t have any
dependencies to other human errors with high probability. After the screening process only the
human error events with high probability and with strong dependencies to one or more parts in
either the HRA or the PSA analysis is left to be further analyzed.
The next step is Human Error Quantification (6), also called Human Reliability Quantification,
is according to Kirwan (ibid.) the most developed part of the HRA process. There is an
abundance of methods to use to perform this step, amongst others SLIM (Success Likelihood
Index Method), THERP (Technique for Human Error Rate Prediction), HRMS (Human Reliability
Management System), and HEART (Human Error Assessment and Reduction Technique). The
one thing they have in common is that they all involve calculation of HEP (Human Error
Probability). HEP is defined as follows:
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HEP 

The number of times an error has occurred
The number of opportunities for that error to occur

Here is the first problem with HEP, in an ideal world one would use numbers based on the
specific NPP unit being studied, but this is seldom the case. Often data from other units, other
NPP or even another industry domain is being used in the calculation of human error, in some
cases data is derived from expert judgments.
When the HEPs have been assigned to the human erroneous actions in the event- or fault-tree,
the total of the trees will be evaluated. This means that the event-sequences-outcome
likelihoods and top-event will be calculated respectively. It is now that the relative
contributions of individual human errors to accident frequencies, as well as the contribution of
human error as a whole are determined. These numbers, the calculated accident frequencies,
will be compared against predefined accident criteria. If the calculated frequencies are within
the predefined criterion, nothing more will be done than to document it. But if the calculated
frequencies are outside the predefined criterion, the high-impact events or sequences of events
behind the calculated frequencies must in some way be reduced.
The next step in the process is Error reduction analysis (8) that firstly includes a sensitivity
analysis. The sensitivity analysis determines which scenarios are sensitive and within those
scenarios the human errors that are important are found. For these critical human errors an
error-reduction approach is used. The error-reduction consists of four steps, where the two first
focuses on reducing the risk level by decreasing the systems level of vulnerability to human
errors and the last two focuses on decreasing the human errors likelihood of occurring. The first,
consequences reduction, is similar to Hollnagels (1995) idea of barrier analysis. Basically a
barrier of some sort is put in between the target that needs protection and the harmful source.
Another way of reducing the consequences named by Kirwan (ibid.) is to substitute the human
action that could cause a possible error with an automated mechanical or computerized process.
The second way of reducing the consequences called error pathway blocking. This means
redesigning the system so that the error can no longer occur, this should include a careful
investigation that the changes will not lead to new kinds of errors. The third way of reducing
errors is error recovery enhancement, which includes introducing error-recovery steps in the
event- or fault tree. Kirwan (ibid.) emphasize the use of this method, since it’s often very easy to
implement. The last way of reducing errors is called PSF-based error reduction. Here
performance is quantified according to the PSF, different methods (such as SLIM, HEART, HRMS
and THERP) uses the PSF in different ways as a measure to quantify human performance and
reviewing which of them appears to be most important to look into more from the view of the
quantitative analysis.
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Kirwan (ibid.) describes Documentation and quality assurance (9-10) as the final step in the
HRA process. It is in this step that all the results and methods are utilized and documented.
Kirwan (ibid.) further recommends that this is done in such a detailed and clear way that an
independent agency can review the documentation without any significant problems. Later
descriptions of how to perform HRA have some smaller differences from this description, where
the most important one can be said to be the this last step, Documentation, should not be an
isolated step in the end. But should instead be a process throughout the entire HRA procedure.
Boring (2009) presents a more simplified figure of the HRA process, Figure 5.

Figure 5, Typical phases in a HRA. Source: Boring (ibid.), p. 24

Where in the last phase, to quantify human error probabilities, Boring (ibid.) mentions four
different methods, ranging from low fidelity & high variability (A) to high fidelity & low
variability (B):


Expert Estimation – expert knowledge determine the likelihood that a person would
falter in a given context



Generic Error Types – match task being analyzed to predefine similar tasks, or tasks that
has associated HEP



Performance Shaping Factors – use of factors that are known to either degrade or
improve human performance, the PSFs are often treated as multipliers on a nominal HEP



Frequency Based Estimation – use of performance data derived from observation of
similar events or context, here error is the number of observed failures divided by the
number of observed trails in which the human performed the task.

A

B

Even though expert estimation is widely used, the method has some issues. One being that
subject experts in the field may not be experts at producing probabilities, and also that the
probability outcome is greatly affected by the information that is given to the expert. Lastly
there is the fact that it is unlikely that all experts would agree on the same probability values,
and in a group it could be hard to reach a consensus and between groups it could be hard to
reach the same results.
As a comment Boring (ibid.) also writes about what is regarded as “common” HEP (how
probable it is that an event is going to occur) values, according to the following (with the notion
that HEPs usually are much higher (has a lower reliability) than is typical for hardware):
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Nominal or average performance lies in the range of 10-2 to 10-3



Exceptionally good performance may be seen in the range of 10-4 to 10-5



Poor performance may be seen in the range of 1,0 or 10-1

Other authors describing HRA is Xuhong (2009) and Obenius (2007) which are presented below
and resembles of the previous method described by Kirwan (1994).
Xuhong (ibid.) describes the main parts of a HRA as the following:


Identification of HAs (Human Activities) and HEFs (Human Failure Events)



Incorporation of HEFs in Model



Selection of suitable method(s)



Quantification of HEFs



Adding Recovery Actions



Documentation of the analysis

Obenius (ibid.) describes the main parts of a HRA as the following:


Identifying relevant human interactions



Screening of interactions that most likely will contribute to the risk



Task analysis to identify factors that primarily will influence performance



Quantification (probabilities) and evaluation of uncertainty and sensitivity analysis



If necessary, identification of effective measure to reduce negative effects on safety from
human actions

This was an overview of the different steps in the HRA. The human actions that are looked into
in the analysis can according to several references ((Xuhong, ibid.); (IAEA 1995); (IAEA, 2006))
be categorized accordingly:


Pre-Initiators



Initiators



Post-Initiators

IAEA (2006) describes pre-initiators as human actions that are associated with the performance
of for example surveillance testing, maintenance, and calibration. Post-initiators are regarded to
be human actions associated with different responses to plant disturbances that are outlined as
emergency and off-normal operating procedures. As Xuhong (2009) explains the difference
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between pre- and post-initiator as depending on the timing of the occurred action, as shown in
Figure 6.

Figure 6, Conceptual picture of the relationship between the different human actions.

Below, Figure 7, IAEA (1995) presents the following overview of three different human actions.

Figure 7, Categorization of Human Actions. Source: IAEA (1995), p. 11

From Tutormeeting (2009) it was stated that type A and C actions normally is chosen by the PSA
team. Type B actions can be chosen both by the PSA and HRA team, and sometimes in a mix.
The general process of how to perform a HRA has been described, and in the next section is a
description of the technical elements that are to be included in the HRA.
4.1.1

Technical elements in the HRA, according to international standards

In the table below, Table 3, HRA steps/technical elements from three different international
standards/good-practices are summarized. This table only presents the different
steps/elements that each of the document is regarding a HRA should include. Below the
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different requirements that each of the documents put on the HRA is presented. The three
different international standards regarding HRA has the following aims:
In their documentation IAEA (2006) describes PSA restricted to only level 1 PSA for full-power
NPPs and for internal events that is caused by random equipment failures and operator errors.
The documentation also provides information on what is needed in the PSA, but not how this
should be done.
ASME (2001) is basically a PSA standard, with requirements to support risk informed decisions
in NPPs. The document describes all parts of a PSA (in the document referred to as PRA) and as a
part of that is HRA (in the document referred to as HR). On the whole the ASME PSA Standard
gives specific requirements on what the PSA (and likewise HRA) should include, but not a
“hands-on-how-to”.
U.S. NRC (2005) presents a Good Practice (GP) for implementing HRA, as such the report is of a
generic nature and therefore not tied to any specific methods or tools and is not intended to
constitute as a standard. Rather it’s meant as a support and guidance in how to implement HRA
in the PSA, and should provide information of the technical basis for evaluating the adequacy of
an HRA. This report is specifically for HRA in NPP full-power and internal events, but could as
well be useful for other applications. Mainly throughout the document U.S. NRC (ibid.) agrees on
the HRA process that is described in ASME (2001), when differences occur, these will be further
explained. This report also follows the guidelines in NRC (2007), which describes PSA in riskinformed activities.
Table 3, Juxtaposing of HRA steps/elements from IAEA-1511, ASME PSA Standard and NUREG 1792

IAEA (2006) - 1511

ASME (2001)

U.S. NRC (2005) - 1792
HRA Team Formation:
Multi-disciplinary team that
interacts with the PSA team

Pre-initiating event HRA:

Pre-initiator HRA.

Pre-initiator HRA:

-Identification of Routine
Activities
-Screening of Activities
-Definition of Pre-initiator
Human Failure Events
-Assessment of Probabilities of
Pre-initiator Human Failure
Events

-Systematic process to
identify routine activities
-Screening based on an
assessment of how reactor
and plant specific operational
practices
-Define an appropriate HFE
for each action
-Assess probabilities of the
pre-initiator HFEs using a
systematic process

-Identifying Human actions
that could leave equipment
unavailable (4 GP)
-Screening human actions
that do not need to be
modeled (3 GP)
-Modeling specific HFEs
corresponding to the
unscreened human actions (1
GP)
-Quantifying the
corresponding HEPs for the
specific HFEs (8 GP)

Post-initiating event HRA:

Post-initiator HRA:

Post-initiator HRA:
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-Identification of Post-Initiator
Operator Responses
-Definition of Post-initiator
Human Failure Events
-Assessment of Probabilities of
-Post-initiator Human Failure
Events
-Recovery Actions

-Systematic review to identify
operator responses
-Identify HFEs that cause an
initiation event
-Assess probability of HFEs
-Model recovery actions

-Identifying post-initiator
human actions (3 GP)
-Modeling specific HFEs
corresponding to the human
actions (3 GP)
-Quantifying the
corresponding HEPs for the
specific HFEs (8 GP)
-Adding recovery actions to
the PSA (3 GP)
Errors of Commission (2 GP)

Documentation:

Documentation:

-Documentation

-Documentation in consistent
with the applicable
supporting requirements

Documentation (1 GP)

Both the process and the technical elements of a HRA have been described and in the next
section the method for the empirical study of this thesis will be described, following with how
the study were performed.
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5

Empirical study

This section first gives a description of the method theory that is relevant for this study and after
that more specific explains how the method investigating the aims of this thesis was performed
and motivations to why.

5.1 Method theory
The method theories relevant for the literature survey are first presented and after that the
relevant theories for performing interviews are covered.
5.1.1

Literature survey

To be able to analyze the international standards as well as the method descriptions and
performed HRA analyses from Swedish NPPs, inspiration has been taken mainly from Miles &
Huberman (1994) but also from Kvale (1997) and Patton (1990). Even thou the two last authors
mainly focus on qualitative data from interview their concepts of core concentration Kvale
(ibid.) and content analysis Patton (ibid.) can also be applied on this kind of material. The two
concepts will be described more in the next section, 5.1.2.
Miles & Huberman (ibid.) have a wider scope in their book one being the thought of data
reduction, this basically means:
“[…] the process of selecting, focusing, simplifying, abstracting, and transforming the
data in written-up field notes or transcriptions.”(Miles & Huberman, ibid., p. 10)
Even though this refers to data collected from interviews or observations it is still applicable to
the material available in the literature study. The international standards and method
descriptions from the Swedish NPPs are collected experiences with the aim to guide future HRA
analyses. From those relevant parts concerning HRA requirements and how to perform the
analysis were selected and tried to be simplified and transformed into and coherent and
summarized text. As a part of this process is also the following:
“Data reduction is a form of analysis that sharpens, sorts, focuses, discards, and organizes
data in such a way that ‘final’ conclusions can be drawn and verified” (Miles &
Huberman, ibid., p. 11)
Miles & Huberman (ibid.) takes up the concept of conceptually ordered displays (p. 127), which
has been used when analyzing the requirements from international standards and also the
performed HRA analyses from Swedish NPPs. As conceptually ordered displays are also used as a
method for analysing the interviews included in this study, the method is described in the next
section.
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5.1.2

Interviews

To investigate how performers think about HRA, interviews were chosen as a method, this
section will give an overview and introduction to relevant part of this area.
Kvale (1997) writes that the main purpose of performing interviews is to hear the interviewees
own experience and perception of his or her work, in his or her own words. Kvale (ibid.) have
also created a seven point checklist for how one should perform interviews:


Theme – formulate the aim of the study and concentrate on the why and what before the
how



Plan – plan all seven steps of the study



Interview – perform the interview according to the interview guide



Print-out – Prepare the raw data to be analyzed



Analyze – Choose a method for analyzing the data appropriate to the aim of the study
and the character of the material



Verify – Establish the reliability, validity and if the results from the interview are
generalizable.



Report – Report the results of the study

There are many kinds of interview forms and Greenfield (2002) describes amongst others, what
he calls elite interviews:
”an elite interview is a specialized treatment of interviewing that focuses on a particular
type of respondent. Elites are considered to be the influential, the prominent and the wellinformed people in an organization or community (Marshall and Rossman, 1999 in
Greenfield (ibid.), p. 212).”
Interviews can also be performed in different ways, and range from being completely structured
to more informal dialogues. Bryman (2002) describes what are called semi-structured
interviews, or also called half structured by Kvale (ibid.). This means that each question has a
main core that could be modified according to the interviewee’s experience, and in that way
“personalize” the interview and to be able to follow up on for examples trains of thoughts that
arise during the interview and also to be able to change the order of the question if suited in the
situation.
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According to Kvale (ibid.) there are seven types of questions, and the questions answering the
”why” and “what” should be asked before the “how-questions”. The domain areas and questions
for this interview tries to follow these recommendations. The seven types of questions are the
following:


Initial – do you want to tell me about …



Follow-up – “mmm”, pause, repetition of the word of essence, one answer can lead to
further expositions.



Exploratory – can you tell me something about this?



Direct – in the end



Indirect



Structured – “I would like to talk about a different subject…”



Silence – give time for answer (Kvale, ibid., p. 124-125)

Greenfield (ibid.) presents another set of interviewing questions:
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Experience/behaviour questions: what a person does or has done



Opinion/values questions: to understand the cognitive and interpretive processes of
people



Feeling questions: to understand the emotional responses of people to their experiences
and thoughts



Knowledge questions: to discover factual information the respondent has



Sensory questions: questions about what is seen, heard, touched, tasted and smelled



Background/demographic questions: to identify characteristics of the person being
interviewed.

In preparing the interview not only the form of the interview and how to formulate the
questions are of importance, also the structure of the interview is of importance. Kvale (ibid.)
mentions some criteria for the quality of the interview:


The magnitude of spontaneous, rich, specific and relevant answers from the interviewee



The shorter questions and the longer answers the better



The level to which the interviewer follow up and clarify the essence in the relevant
aspects of the answers



The ideal interview should largely be interpreted during the interview



The interviewer should verify his/her interpretations of the interviewees answers
during the interview



The interview is self-communicating – it is a history of it’s own that hardly demands
extra descriptions and explanations. (Kvale, ibid., p. 134)

Along with this Kvale (ibid.) also mentions ten criteria for the interviewers to live up to, to be a
good interviewer:


Knowledgeable



Structured



Clear



Kind



Sensitive



Open



Governing



Good recall/remembrance



Interpretive (Kvale, ibid., p, 138)

To be able to analyse the interviews one can transcribe them, for this study the theory from
Linell (1994) was used. Linell (ibid.) describes different level of transcriptions, ranging from
very detailed to writing down the essence of what the interviewee is saying almost in “talklanguage”. For this study one of the lower levels of transcription was used, includes writing
down what the interviewees says but not how they say it, for example pause or special
intonation are not regarded in the transcription, the focus is more on the contents.
It is based on these transcriptions that the analysis of the material is done, both Kvale (ibid.);
Patton (ibid.) as well as Miles & Huberman (ibid.) takes up different ways of analyzing data from
interviews. Kvale (ibid.) mentions five different kinds of methods for analyzing interviews,
where the one most relevant here is “core concentration”. This analysis method basically
consists of extracting the core or essence of what the interviewee answers to specific questions.
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Another method for analyzing data that this study is influenced by, and that is similar to what
Kvale (ibid.) has named “core concentration”, is what Patton (ibid.) calls content analysis:
“content analysis is the process of identifying, coding, and categorizing the primary
patterns in the data” (Patton, ibid., p. 381)
These two methods are not similar per se, finding core subjects or finding patterns in the data,
but here the approach of reaching the results resemble of each other.
Miles & Huberman (ibid.) also takes up different kinds of ways or methods for structuring and
analysing data from interviews, the authors for example mentions within-case displays:
exploring, describing and as a subfield to that conceptually ordered displays (p. 127). When
analysing according to this Miles & Huberman (ibid.) says that the organizing principle is around
certain concepts or variables. As this is written in their book, it can also be applied on the
analysis made in this report on the international standards and performed HRA analysis on
Swedish NPPs. This analysis includes, what Miles & Huberman (ibid.) calls a ”ladder of
abstraction” (p. 91). Shortly described this is a data transformation, including to start with a text
and trying to code out categories on it (trying to find categories in the data), following and trying
to identifying themes and trends and from that test your first findings and delineate the first
structure of the findings and integrate them into an explanatory framework. A point very clearly
and importantly expressed by Miles & Huberman (ibid.) is how you during your analysis chose
to display you material, to easily get an overview of all of your material to be able to see it for
example on one sheet of paper, and from there be able to draw conclusions, “good displays
permit the researchers to absorb large amounts of information quickly” (p. 92). The underlying
thought from Miles & Huberman (ibid.) is that from the display of the data conclusions should be
easier to draw, such as noting patterns and themes or building a logical chain of evidence (p.
100). One of these displays is the one called Conceptually Clustered Matrix (p. 127), that are one
sort of matrix under the “Conceptually Ordered Display method”, that basically consists of a
matrix that should aim to bring together items that “belongs together” over the rows and
columns.
As Miles & Huberman (ibid.) writes it the conceptual clustered matrix is arranged to bring
together items that in some way belong together, either conceptually or empirically. They can
belong together conceptually if the analyst has some a priori ideas about the items that derive
from the same theory of them and empirically if the analyst during the study brings together
answers from different participants due to similar answers or as belonging to the same theme.
When building the display (the matrix, or some other way of compiling the information) Miles &
Huberman (ibid.) gives the recommendations to:
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Display all of the relevant responses of all key informant on one sheet



Allow an initial comparison between responses and between informants



Lets me see how the data can be further analysed

Miles & Huberman (ibid.) also talks about presenting a ”full data set” to the reader:
”A”full data set” does not, of course, mean the complete field notes. Rather the condensed,
distilled data presented are drawn from the full range of persons, events, and processes
under study. With extended text, there can easily be “selective stacking” of the data – even
with good intentions. An organized display wards off this problem.” (Miles & Huberman,
ibid., p.92)
And in connection to this is the following definition of description:
“Making complicated things understandable by reducing them to their component
parts.” (Bernard, 1998, in Miles & Huberman, ibid., p.90)
This was an overview of relevant empirical theory to be able to comprehend how this study was
done, which are described in the following section.
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5.2 Research process
First a review for how the literature survey was performed is presented and after that how the
interviews were carried out.
5.2.1

Literature survey

As mentioned earlier the method used for analyzing the international standards and performed
HRA analyses is from Miles & Huberman (1994) and is named Conceptually ordered displays.
The analysis of the international standards first focused on finding which technical elements the
three different standards sought to be included in a HRA, and from that trying to find different
requirements that are put on the whole of the HRA analysis and also on the different technical
elements and if there is any guidelines on how to perform them.
The information found regarding this where brought on and had in mind when reading the
method descriptions and HRA analysis reports from the Swedish NPPs. Information from these
reports regarding how different technical elements where handled and requirements on how
methods for different parts should be performed where reviewed and included in the analysis.
The interview questions were built on the information found in the material from both the
international standards but also on information from the method descriptions and HRA analysis
from the Swedish NPPs. The interview question tries to investigate further in areas where the
HRA analysis are missing or not fully describing some information. But also tries to include some
questions exploring the concept of HRA and its relation to PSA and need to quantify the HRA
results as an input to the PSA.
5.2.2

Interviews

To be able to investigate how performers of HRA experience the analysis five elite interviews
according to Greenfield (2002) were performed. Two of the interviewees were seniors in the
field, one working at a NPP in Sweden and the other working at Relcon Scandpower AB. Two of
the interviewees were more of juniors in the field where one worked at a NPP and the other had
been involved in performing HRA earlier. One of the interviewees could be said to have more of
a broader theoretical knowledge about HRA and PSA as well as empirical knowledge than the
others. All five of the interviewees had been involved in performing one or several HRAs.
The five elite interviews were semi-structured (Bryman, 2002) and the guide for the
interview/questions can be found in Appendix A, examples of areas that the interviews included
are the following:
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How are the manual operation chosen to be included in a detailed analysis instead of in a
screening analysis?



What is your opinion of using PSFs, and can you say something about the process of
choosing which PSFs that are relevant for which manual operations?



Is there a goal to be able to compare HRA (PSA) results between units/plants? Why, and
what would be required to be able to do this?



For whom is it important to quantify the HRA results and why? Is there some other value
in performing a HRA than just the quantification?

The reason for choosing semi-structured interviews instead of for example structured
interviews were to be able to be open to new information that might be revealed during the
interview and to be able to follow up and investigate those areas further. Another reason were
also to be able to have a flexible structure of the interview questions due to that the persons
being interviewed had different backgrounds. Instead of semi-structured interviews a more
informal dialogue could for example have been chosen, but as this study has a clear aim of
wanting to investigate how HRA performers reason about the method, not to have an informal
dialogue about for example nuclear power or safety in nuclear power plants in general.
5.2.2.1 Procedure
The interviews were performed with one participant at a time, and took approximately one hour
respectively. The reason for this structure is that these participants has unique competence
regarding HRA and that they work on different plants, so to be able to gather them at the same
place and time in for example a focus group (that could have lead to some very interesting
discussions) would have been almost impossible within the timeframe of this thesis.
As follows from Kvale (1997) the performed interviews begun with a shorter introduction about
the aim and purpose of both the study as a whole as well as of the interviews in particular. The
interviewees read a short introduction text, Appendix B, which also asked them if they agreed to
let the interview be recorded.
After the interview, the interviewer took influence from Kvale (ibid.) and took a short time to
write down the overall impression and some reflections from the interview. The recorded
interviews were later transcribed (Linell, 1994), and then analyzed. The work of transcribing the
interviews were time consuming, even though the focus were of the content in the answers on
the different questions. Episodes in the interviews that consisted more of small talk than
regarding the scope of the interview were not transcribed. The material from one of the
interviews is not a transcription, due to that the mp3-player did not work during that interview,
the material included from that interview consists of notes taken by the interviewer.
5.2.2.2 Analysis
The first step of analysing the interviews consisted of reading through the transcribed material
and making a judgement of which of the questions from the interview guide got relevant
answers from the interviewees, not all of the interviewees had the experience and/or knowledge
to be able to feel that they could answer all of the prepared questions. Also given answers to the
questions that were similar or completely different between the interviewees were selected for
further discussion. These selected answers or comments from the interviews were then
compiled according to the thoughts of a conceptually ordered display Miles & Huberman (1994).
This included sorting the answers to the same questions from the different interviewees so that
they could be seen on the same sheet of paper. By doing this an overview of the different aspects
included in the interviews and the given answers or comments from all the interviews are
collected on one page per “area” for all the interviewees. From this the interviewees answers
and comments were analyzed in relation to the view given by international standards regarding
HRA and performed HRA analyses from the Swedish NPPs. This analysing process for example
included looking up statements in the interviews to if and in that case how that statement is
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regarded or commented in the international standards. The whole of the research process is
illustrated in the flowchart below, Figure 8.

Literature study
•Technical
elements
•Requirements

Material from
Swedish NPPs
•Recuirements
•Examples of
methodological
choices

Interview
questions

Interviews
•Clarifications
•Practioners
thoughts about
using and
performing HRa

Figure 8, Workflow over the study (above the three steps and below main points of result)

In this section the used method in this study have been presented and explained and the next
section will present the results of the study.
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6

Results

This section is divided into three parts, first the results from the review of the three
international standards of PSA/HRA will be presented and after that the results from the review
of HRA method descriptions and HRA analysis reports from Swedish NPPs are described, lastly
the results from the interviews are presented.

6.1 Review of HRA from three international standards
This episode presents a summary of guidelines and recommendations regarding HRA practices
from three international organizations. First are the results from IAEA (International Atomic
Energy Agency) presented, after that the results from U.S.NRC (United States Nuclear Regulatory
Commission) and lastly the results from ASME (American Society of Mechanical Engineers).
6.1.1

IAEA – International Atomic Energy Agency

IAEAs guiding document “Determining the quality of probabilistic safety assessment (PSA) for
applications in nuclear power plants” (IAEA, 2006) is restricted to Level-1 PSA for power
operation for internal events that is caused by random equipment failures and operator errors.
IAEAs guiding document also states that it provides information on what should be done rather
than how it should be done.
The document presents the most widely used outcome metrics calculated in a PSA; core damage
frequency (CDF), large early release frequency (LERF), conditional core damage probability
(CCDP) are some of the common metrics. HRA is one of nine elements in a PSA as described by
this report. Furthermore, the report makes a distinction between general and special attributes,
where general attributes describes the main features of the analyses, documentation, and data to
be considered in a “base case PSA”. The special attributes describe information on specific
features of PSA elements to be satisfied for the PSA to be considered as appropriate for a specific
application.
The objective of the Human Reliability Analysis part of the PSA is to incorporate the impact of
plant personnel actions to risk. These personnel actions are in this document divided into two
types; those associated with the performance of surveillance testing, maintenance, and
calibration (also called pre-initiation events or type A actions), and the second type of actions is
post-initiation events (also called type C actions), and therefore includes actions that are a
response to plant disturbances.
The report states three important topics for HRA:
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To identify the specific human activities whose impact should be included in the analysis



Represent the success or failure of those activities correctly in the accident sequence
model (event trees) and the supporting system reliability models (fault trees).



To estimate the probability of the logic model events (HFEs) that represents the
contribution of the operators’ failure to perform a required action correctly as specific
modes of unavailability of the component, system, or function affected.

On the whole the report says that the above three topics should be performed using a systematic
process and use plant-specific and accident scenario specific factors when necessary. In addition
dependency between human failure events should be taken into account, to ensure that the
accident sequence frequency is estimated correct. To be able to use a systematic process the
following tasks are named as the main tasks for the HRA:


Pre-initiating event HRA



Identification of routine activities



Screening of activities



Definition of pre-initiator human failure events



Assessment of probabilities of pre-initiator human failure events



Post-initiating event HRA



Identification of post-initiator operator responses



Definition of post-initiator human failure events



Assessment of probabilities of post-initiator human failure events



Recovery actions



Documentation

For each of these task there is given a description of the task/general attributes and also some
comments and/or examples and special attributes. The guide in this document is in tabular
form, with short and concise description of what should be done in every task, and some
comments about why it should be done, what is good to think about and not to forget. As said
earlier, there is no recommendation on how to perform each of the tasks, or which model to use.
The document resemble a lot of the guiding document U.S. NRC (2005), even though some parts
in the later is included in the former. Some of these parts being assemble a multidisciplinary team
to get an integrated analysis, to examine other operational modes and routine actions when
identifying pre-initiators HFEs and not including Errors of Commission in the recommendations,
the later document ASME (2001) simply mentions that including EOC is not yet general practices
in the base PSA, but ATHENA is one example of how to approach the issue.
When it comes to screening of pre-initiators and estimates of the probability of pre-initiator
HFEs the document mentions that THERP is an acceptable model for doing this.
6.1.2

U.S.NRC – United States Nuclear Regulatory Commission

U.S. NRCs guiding document “Good Practices for Implementing Human Reliability Analysis
(HRA)” U.S. NRC (2005) is of a generic nature, and is therefore not tied to any specific methods
or tools. The report is further intended to be used as a reference guide, which means that to
what range that the good practices are being met depends on the nature of the given regulatory
application. The scope of this guiding document is of NPP working at full power, and for internal
events applications, but could also be useful for other applications. This report is also written in
a way so that it is linked both to NRC (2007) and therefore also tied to the requirements in ASME
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(2001). Appendix A, in U.S. NRC (2005) presents a summary of HRA Good Practices Audit against
the two sources above.
With “good practice” the guide means:
“Those processes and individual analytical tasks and judgments that would be expected
in an HRA (considering current knowledge and state-of-the-art) in order for the HRA
results to sufficiently represent the anticipated operator performance as a basis for riskinformed decisions” (U.S. NRC, idib., p. 1-2).
U.S. NRC (2005) recommends that the following characteristics should be understood and
reflected:


Plant behaviour and conditions



Timing of events and the occurrence of human action cues



Parameter indications used by the operators and changes in those parameters as the
scenario proceeds



Time available and locations necessary to implement the human actions



Equipment available for use by the operators based on the sequence



Environmental conditions under which the decision to act must be made and the actual
response must be performed



Degree of training, guidance, and procedure applicability

The good practice states a number of Analysis Activities; such as team formation, different preinitiator and post-initiators, errors of commission and documentations. Each analysis activity is
given an objective and is after at short description further described with one or more Good
Practices, which can be compared to further information on how the specific Analysis Activities
should be performed and guidance on what is important to consider. This guide is easy to follow,
with more specific guidelines than is presented in IAEA (2006), and could be followed as a stepby-step guide. For several pre- and post-initiators the guide press on the need to use plant- and
activity specific PSFs, recovery factors and context data. This guide also takes up the need to
consider and explicit modelling of EOC, which the other two standard guides does not include.
The document states that for certain applications it is good practice to consider potential EOCs,
and provides a checklist as an aid to ensure that EOC-prone conditions do not exist or have not
been introduced to the plant. Typically EOCs, according to the guide, are a result of problems in
the plants information and/or operating crew interface or in the procedure-training crew
interface.
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6.1.3

ASME – American Society of Mechanical Engineers

ASMEs PSA standard, ASME (2001), states that the main objective of the HRA “is to ensure that
the impacts of plant personnel actions are reflected in the assessment of risk for all plant
operating states according to four checks.


That both pre- and post-initiator event activities are addressed.



That logic model elements are defined to represent the affect of the above personnel
actions on the system.



That reactor-, plant-, and scenario-specific factors are accounted for



And lastly that dependencies between human performance issues are addressed

The ASME guide is divided between High Level Requirements (HLR) and Supporting
Requirements (SR). The HLR set a sort of minimum requirement for what is an acceptable
baseline PSA, independent of its application. The HLR are written in general terms and present
the top level logic for the derivation of more detailed SRs. For each HLR there is a set of SRs that
gives further information to the evaluator of what technical requirements that should be fulfilled
depending on which Capability Category (CC) that are strived for. The guide takes up three
Capability Categories, described in Table 4. A whole or complete PSA fills the requirements of
CC1 through III, and depends on how unit specific and the level of detail of the PSA, this is what
ASME calls the capacity of the PSA. Since HRA is a part of PSA, these three levels of categories
also apply to the HRA. The more specific you want your HRA to be, the more you should follow
the input categories for CC III.
Table 4, Bases for PSA Capability Categories

Attributes of PSA

CC I

CC II

CC III

Scope and level of
detail – degree to
which the scope and
level of detail of the
plant design,
operation, and
maintenance are
modeled

Resolution and
specificity sufficient
to identify the relative
importance of the
contributors at the
system or train level
including associated
human actions

Resolution and
specificity sufficient
to identify the relative
importance of the
significant
contributors at the
component level and
associated human
actions, as necessary

Resolution and
specificity sufficient
to identify the relative
importance of the
contributors at the
component level,
including associated
human actions, as
necessary

Plant-specificity – the
degree to which
plant- or designspecific information is
incorporated

Use of generic
data/models
acceptable except for
the need to account
for the unique design
and operational
features of the plant

Use of plant-specific
data/models for the
significant
contributor

Use of plant-specific
data/models for all
contributors, where
available
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Realism – the degree
to which realism is
incorporated such
that the expected
response of the plant
is addressed

Departures from
realism will have
moderate impact on
the conclusions and
risk insights as
supported by good
practices

Departures from
realism will have
small impact on the
conclusion and risk
insights supported by
good practices

Departures from
realism will have
negligible impact on
the conclusion and
risk insights
supported by good
practices

The guide is in tabular form and easy to follow, with good and practical cross-references within
the document.
The high level requirements are in general on a higher conceptual level than the supporting
requirements. Below are some examples of supporting requirements from the ASME Standard
regarding the HRA, first in concern of pre-initiators and following for post-initiators.
Regarding screening activities, there is a difference in requirements between CC I and CC II-III,
where for CC I there should be established rules for screening classes of activities where for CC II
and III there should be established rules for screening individual activities. CC II and III also have
more detailed checks for which activities that can be screened out; such as equipments status
have to be check frequently, or that the equipment position should be indicated in the control
room and its status checked routinely.
Also when it comes to HFE for the activities that are not screened out there is differences
between the requirements for CC I and CC II-III. For example for CC II and III in addition to
including those modes of unavailability that result from failure to restore for example
equipment to the desired standby or operational status; initiation signal or set point for
equipment start-up or realignment; automatic realignment or power. Failure modes that has
been identified and collected from plant-specific or applicable generic operation experience that
leave equipment unavailable for response in event sequences should also be added and included
in the analysis.
For estimating the probability of human failure event it is said that a systematic process should
be used, such as THERP or ASEP. The difference between CC I and III lies in that for the first
screening estimates could be used, but for CC III a detailed assessment for each system should be
used. Furthermore for CC I there is no requirement of evaluating the quality of the written
procedures, administrative controls of human-machine interfaces, but for CC II and III there is a
demand on doing this on a plant- and design specific level.
For uncertainties there is enough to characterize it for CC I, together with providing mean values
to use in the quantification of the PSA results. For CC II and III the uncertainty should be
quantified in the estimates of the HEPs and provide as well mean values as a statistical
representation of the uncertainties intervals to use in the quantification of the PSA results. Also,
un-quantified uncertainties should be addressed for via sensitivity evaluation, but how this
should be performed is not further explored.
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The systematic review of post-initiators are basically the same for all three levels of CC, key
human response actions should be identified and should be done through a review of plant or
design specific emergency operating procedures. The difference lies in that for CC I there is
enough with an review of the interpretation of the procedures with plant operations or training
personnel to confirm that the interpretation is consistent with actual plant operational and
training procedures. For CC II and III this review should be in detail, and are named a talk
through. For the two later there is also an requirement of using a simulator, if available, to use
those observations and talk-through with operators to confirm the response models for the
scenarios modelled, there is no requirement of this for CC I.
For defining HFE for post-initiators is defined in the same way for all three levels of CC, at the
appropriate function, system, train or component level. With the difference that at the two first
CC levels the several HFEs can be grouped into one, if the impact of the failures is similar or can
be bounded conservatively. Furthermore there is a difference as follows; for CC I the definition
of the HFEs should be done by specifying the complexity of the response (while task analysis is
not required); for CC II also the specific high level tasks (such as level of training) required to
achieve the goal of the response needs to be specified; for CC III the specificity is even higher,
here the specific detailed tasks (individual components such as pumps or valves) needs to be
specified.
When estimating the probabilities for the HFEs, for post-initiators, there is a difference between
the three CC levels. For CC I there is enough if one use conservative estimates (screening values),
where for CC II a detailed analysis for the estimation of HEPs needs to be done for significant
HFEs, for non-significant human failure basic events screening values can still be used. For CC III
a detailed analysis should be done for the estimation of human failure basic events. When
estimating the HEPs, on CC I, also the complexity of the response, time available and required
should be taken into account, as well as some measure of scenario-induced stress (here ASEP is
mentioned as an acceptable approach). For CC II and III a longer list of PSFs is to be taken into
account; such as the quality of the written procedures or instructions, the availability of
instrumentation needed, degree of clarity of cues/indication and human-machine interface to
mention some.
When assessing the probability for the HFEs, or more specific for estimating the base time
available to complete the action should be done using generic studies for CC I, realistic generic
thermo-fluid analyses or simulations from similar plants for CC II and plant-specific thermofluid analysis, or simulations for CC III. Also the requirements for estimating the required time
needed to complete an action differs between the CC-categories, from an estimation using for
example ASEP, to base the required time needed on action time that has been measured in
walkthroughs of the procedures or from simulator observations.
When accounting for and including recovery actions this could be done on a level to provide a
more realistic evaluation of the reactor specific release category frequency (CC I); or be done for
significant event sequences (CC II); or to provide a realistic evaluation of modeled event
sequences (CC III).
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6.1.4

Comparing the three standards

All three of the standards/guidelines are built up in different ways, which makes it a bit harder
to compare them to each other. ASME (2001) divides the guidelines in HLR and SR, which is
further divided into CC I-III and presents short steps to think of in a tabular form. IAEA (2006)
also presents their guidelines in a tabular form, with both a rational for performing the action as
well as some examples and description of the different steps that could be included in the action.
The report from U.S. NRC (2005) is the document that feels the most comprehensive, for
example including ASME (ibid.) position to U.S. NRC (ibid.) own statements. The division
between different Good Practices (GPs) makes the document easy to follow, and gives a good
overview of which factors that should be considered, depending on which technical element in
the HRA you are performing.
None of the three standard documentations and guidelines gives any comprehensive directions
on which method to use or much help in what is to be considered to be poor or well accepted
probabilistic values. What they do present is a set of guiding principles to follow depending on
where you are in your HRA, and which technical element you are to analyze. In some cases
references are made to the method THERP in all three documents. ASME (ibid.) gives THERP as
an example of an acceptable method to use when assessing the probabilities of the pre-initiator
HFE. ASME (ibid.) also writes that as background information they lean on the method SHARP,
as presented by Wakefield et al (1992). IAEA (ibid.) gives THERP as an example of a method to
use when screening for pre-initiator events, and could also be used for assessing probabilities
for pre-initiator HFEs. U.S. NRC (ibid.) document regards THERP to be an acceptable method to
use when screening for which HFEs that should be and shouldn’t be included for further
analysis. THERP is also said to be used when quantifying the corresponding HEPs for the preinitiator HFEs. In some cases U.S. NRC (ibid.) also gives recommendations of values of where the
probability values should lie to be accounted for as acceptable, something that the other two
guides does not.
In EUR the examples of PSFs seams to be for the whole PSA, both pre-initiators, initiators and
post-initiators, at least EUR does not give a any clues that they make a distinction of how preand post-initiators should be “evaluated”. The PSFs are given at quite a high level, such as stress,
complexity or difficulty of the situations. Factors that are not explicit asked in the survey but
that can be said to be covered in questions such as: “can you work undistractedly or are you
often interrupted”, “is there enough resources to complete the task” and “is there other factors
that cause mental load”.
In ASME (2001) PSFs are explicit mentioned for post-initiators, for pre-initiators the word PSF is
not mentioned, but some factors such as the quality of available written procedures should be
included as well as the quality of the human-machine interface.
In ASME (ibid.) the PSFs (for post-initiators) are given at a higher level for CC I and in more
detail for CC II and III, it is also stated that the PSFs should considered as plant-specific and POSspecific and scenario-specific, which the report has done. One PSFs mention in ASME (ibid.) is
“human-machine interface” which can be hard to interpret as this field is quite wide. But the
questions “Is there good resources (computers, registers etc.)?” and “Is the information needed
(from systems/processes), that the group needs accessible?” could be said in a vague to way be
included in the human-machine interface PSF. As there is a difference of the information being
available and being useful and usable.
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Also in IAEA (2006) the word PSF is only mentioned for post-initiators, while for pre-initiators
some factors are given as examples to consider when estimating HEPs. Such as: use of written
check-off list, independence if verifications of status, performance of a full functional test before
the activity is considered complete, and frequency of verification of status compared to
frequency of performance of the activity.
The PSFs (for post-initiators) in IAEA (ibid.) are basically the same as in ASME (ibid.), though
some are slightly differently formulated. There is one that is mentioned in (IAEA, 2006) that are
not included in ASME (ibid.) “time to reach physically the place if not permanently occupied”,
even though it could be said to be included in ASME (ibid.) PSF “accessibility of the equipment
requiring manipulation” but not completely.
In U.S. NRC (2005) the word PSF is explicit mentioned for both Pre-initiators and Post-initiators.
But the PSFs for the different initiators differs a bit, there is more PSFs given as examples for
post-initiators, such as; team dynamics, scenario timing, communication requirements, special
fitness needs and need and location of special tools. In general the PSFs in U.S. NRC (ibid.) are
better described (compared with (IAEA, 2006), (ASME, 2001) and EUR that shortly presents
PSFs in a list or tabular form), with more richness of what the different PSFs actually mean and
for post-initiators also during what conditions the different PSFs are particularly relevant.
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6.2 Review of HRA method descriptions and analysis reports from Swedish NPP
Material from the three nuclear power plants in Sweden has been reviewed; some has had a
separate description of their HRA methods and some reports describe their HRA method in the
analysis report. This section includes a review of analysis reports and method descriptions from
the three NPPs in Sweden regarding how their HRA should and have been performed. To get
access to the method descriptions and performed analyses a request was that there wouldn’t be
possible to trace back which units/NPPs used which method and therefore are all the reports
coded and given a number between 1 and 29, and only information of value to this thesis is
regarded. The formulation “the report” refers to the coded number representing the analysis
report or method description at one of the three NPPs in Sweden, and is stated in the beginning
of each new episode. Last in this section is included a table that shows which methods the
different units use when performing their HRA, here the unit numbers are coded from 1-10.
6.2.1

Document 1

Document 1 is a method description, with no further specifications of level of power operation.
This document is a method description for how HRA should be performed. The report gives a
good description of guidelines of how dependencies between manual operations should be
accounted for, with the accompanied text that the level of dependencies should be motivated
from case to case.
The method also stated two models to use when screening, the first includes discovery of a
problem and decision of measure and the second how to perform the measures chosen. The first
step includes a set of questions, where some is rated from 0-5, this gives a good insight in what
should be done in the screening process. Which documents that should be available and which
persons that needs to be included in the process to be able to get answers on the questions. The
method also gives clear guidelines of how to rate for example how easy it is to discover a
problem/the easiness of performing the measures to resolve the problem, or the probability that
a problem is not discovered.
What could be stated in the method description is from where the probabilities derive, a lot of
examples of values are given, but seldom a source for the given values.
6.2.2

Document 2

Document 2 is a performed analysis, for a level 2 analysis, full power operation.
This analysis states how the manual operations has been selected for further analysis, through a
2-day workshop including both PSA-, MTO-specialists and personnel from the specific plant. The
analysis also reports what the focus of the workshop has been. You could wish for a clearer focus
or to get a better insight in how the workshop was performed, with guide questions or maybe
specific answers that were search for. But this report still gives a better overview of how the
manual operations have been search for than in many other analyses, where the source of the
manual operations sometimes hardly is mentioned. To be able to derive how the manual
operations have been chosen is important.
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The report clearly states which PSFs that can be of importance for the different personnel
groups at this block. These PSFs are also a result from the same workshop as mentioned earlier.
It is good that the report states that not the same PSFs might be as important for all the work
groups. That they write the PSFs in a very specific way shows that they have had this specific
block and its constraints in mind when working them out. It would be interesting to know more
about the method used or concluding to these PSFs, did it include any specific questions, or was
another method laying the groundwork?
Another good thing in this report is that it states that a general error probability has been
chosen for manual operations that have to be performed during very high stress, which is taken
from Kirwan (1994). For some of the following manual operations the source of the error
probability is given, which is really good, to get a better insight in and be able to derive from
where the values comes and to know if the source is relevant for that particular manual
operation. One could only wish that this had been done for all manual operations.
For one manual operation the error probability is given through engineering judgements, but it
is also stated that the given value is stated higher than it might be had to, given the fact that no
interviews has been done, and no clear instructions for the operations exists. It is good that the
error probability is explained, and the reason for it is motivated.
6.2.3

Document 3

Document 3 is a performed analysis, with the specification of a level 2 analysis.
The analysis writes a list of which factors that can influence the performance, it’s good that they
are included and listed but it would be even better if the method leading up to them is included
in the analysis document as well. The appendix includes criteria for how the factors that
influence the performance have been ranked, and the factors that has been chosen for further
analysis.
The appendix also includes a collection of the criteria for judgement for how the PSFs has been
weighted, for following analysis this is a good way to see how PSFs can be weighted. It’s also a
good way to follow the train of thought in the analysis from where different conclusions
derivate.
The document gives a summarized table of the chosen manual operation, what they include and
with error probability. What would be useful to know is from where the values of error
probability is taken, sometimes it is mentioned as a general value, why can’t plant specific values
be used and from where is the general value taken (some specific method, same values as always
has been used, or taken from another plant/NPP)?
This is a typical example of how many analysis reports their manual operations, what the
manual operation includes and with a value of error probability. What I think is missing, and
would make the analysis better is a reference from where these error probability value is taken;
is it from the same plant, a generic value or an expert opinion? In the cases when generic values
have been used, it would be easier to understand why if it follows with a short explanation of
why not plant-specific values were used.
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The document has an extensive list of PSFs, the one thing missing is how these have been chosen
and data from them are included in the analysis (are they for example ranked or graded in some
way?)
The PSFs that the analysis present is extensive, and covers for example the PSFs that EUR (2009)
and U.S. NRC (2005) takes up as examples of good PSFs, described in a more specific way and
connected to the situations that can occur at that specific plant. The PSFs covers Capability
Category I in the ASME Standard, and just a few of the PSFs under CC II and III, such as
environment (lightning, heat, radiation) under which the operator is working.
6.2.4

Document 4

Document 4 is a performed analysis for level 1, for the operation modes start up and shut down.
This analysis has performed both interviews and surveys to measure PSFs. Data from the
interviews has been ranked from +3 to -3 (very supporting to very non-supporting) and the
surveys has been ranked 1-5 (from very bad to very good). The same surveys/interviews have
been performed for different working groups.
This way of selecting PSFs and ranking/grading them shows an understanding that different
PSFs can be important to take into account during different tasks and that the same PSF can
influence the work in different ways, depending on the task at hand. By ranking PSFs from
interviews and surveys the PSFs are specific for the plant being analysed, and not just being
taken as default from a commonly used standard. Also that different work groups are given the
same questions shows that the people performing the analysis are aware of the fact that the
same PSF can affect different workgroups in different ways. One thing that in general would be
interesting to know (both in this analysis, but also in number 3) is how much the
interview/surveys that are used to identify and rank the PSFs has been influenced by different
standards regarding the subject. In some ways the answers you get depends on the questions
that you ask, and a reason for not finding a PSFs in this analysis about for example ”Factors
affection communication between control room staff and field operators” (a PSF that has it's
originate from the ASME standard) could be that there aren’t any, or perhaps that the question
about it wasn’t included in the interviews.
The PSFs that are included in the survey are extensive and includes PSFs mentioned as examples
in both EUR (2009); ASME (2001); IAEA (2006) and U.S. NRC (2005) and are also divided in a
way that are easy to follow (PSFs for organisations and communication are mentioned together
and PSF questions about instructions, education and training mentioned together.
For quantifying risks it is clearly written that in those cases when human actions is the reason
for a scenario that can lead to a core damage probability values are set for:


Erroneous actions that can lead to an initiating event



That recovery for the initiating event does not succeed.



The formula for calculating probability is clearly presented.

All HRA must get their probability values from somewhere, and what is good about this analysis
is that they clearly states from where their probability numbers originate.
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This report gives a shorter description of operation with a description of possible human
erroneous actions and its error probability, with a clear reference from where this number is
taken. I interpret from the text that the result of which possible human erroneous actions that
are possible comes from interviews/surveys, but it would be of value if this were stated more
explicit.
If I interpret this piece of text correctly, the analysis has used interviews, and reading of
instruction/manuals to state which human errors that can occur for different manual
operations. This would be a good way of getting plant specific human errors, instead of using
human errors from a different plant or a different NPP. This way the human errors being
investigated further are up-to-date with the plant being analysed.
The report includes several appendix, where one gives a summary of risks for human erroneous
action for shut-down and start-up, with both a description, supporting functions, recovery
factors, possible consequences, judgement and probability.
For people reading the analysis this is a good way to get a quick overview of what has been done
in the analysis. It gives a compact description of the risks of human errors that has been
identified, a description of both the error per se, its consequences and probability of occurring.
The same pass for the summary table of the PSFs, which additionally clearly states the survey
questions that was used to retrieve the specific PSFs that were of importance for this plant.
One appendix also gives a summary of the different PSFs, how they have been judged by the
personnel on the plant, the explicit questions that they have used for the interviews and surveys
are also presented.
This openness of the analysis makes it easier to follow, and also gives a change to further use
and improve the questions used to rank PSFs.
6.2.5

Document 5

Document 5 is a combined method description as well and a performed analysis for level 1 and
more specifically for type A and B actions and for the opertation modes shut down, start up and
low power.
The report clearly states which sources of information that has been used when identifying
human actions and that has been used as support during the interviews. This makes the analysis
easy to follow and gives the readers insight in how human actions has been chosen and also
gives examples of which sources of information that should/could be included in future analysis.
The report also states the estimated time needed for the identification work as well as personnel
that should be present, which is not included in the standards but likewise is an important factor
when planning the analysis. In this report it is clear how the human actions has been identified,
that the HRA-team has been involved in the process. This is in accordance with for example IAEA
(2006) that states that (for pre-initiators) routine activities should be gone through to look after
incidents that can occur if the activities are not performed correctly. EUR (2009) states that a
systematic identification of human actions should be done and gives SHARP as an example of a
method to be used. Also ASME (2001) and U.S. NRC (2005) states that a systematic approach
should be used when identifying pre-initiators, through reviews of for example instructions,
procedures and design information. What this analysis report (5) could be more explicit about is
if they have used some sort of template when going through the documentations about the plant,
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have they used some sort of method or been inspired of one. This is something that is most often
not included in the standards and guides about HRA, EUR (2009) mentions SHARP as a possible
method otherwise only general guidelines are given.
This report has used “leading-questions” that can be used during interviews to lead the
discussion into the right subject (the answers to the questions that you are looking for). The
report also includes a form that can be used when leading and documenting the work when
identifying type A and B initiators during shutdown and start-up.
This analysis clearly states which type of ”errors” they investigate further, pre-initiators and
initiators (type A and B). The analysis also reports questions that they have used during their
interviews, to lead the discussions. This gives an insight of how the interviews were performed,
and therefore also an insight in how the work of choosing the human errors has been done.
In the appendix to the report is a form to use during the data collection and in another form is a
description of how the PSFs has been quantified, which resembles of the way that was used in
the previous analysis here numbered as 4.
6.2.6

Document 7

Document 7 is a performed analysis for level 2.
This analysis report clearly states that probability values for PSA level 2 is hard to estimated,
through the fact that high uncertainties exists. But different probability values are given, with
source and a shorter motivation. This is regarded as something good, the analysis is aware of the
fact that different probability values exists and gives an argument of why one is chosen.
The analysis gives a list of 19 PSFs that is said to influence the performance, this is good, but
would be better if a source/method had been stated of why these 19 PSFs are important. Neither
is any clear statement given for why eight of these 19 PSFs are chosen to be described for the
manual operations chosen for a more detailed analysis.
The analysis explains how the detailed analysis of the manual operations was performed and the
personnel that were included, which is also mentioned in regard to an earlier report, it would
also be interesting to know if some guide-questions were used or if the method is based on some
previous method.
It is good that for the manual operations that are included in the detailed analysis a description
of the operation is given along with how the operation is described in instructions, different
symptoms and alarms in the control room, available time of performing the action and
comments in regard to the estimated error probability. This gives a short but concise overview
of what the manual operation actually includes and its restrictions and requirements, not only
the quantitative probability value are of importance the more qualitative description of the
manual operations is of value to be able to understand the situation properly.
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6.2.7

Document 12

Document 12 is a performed analysis, for level 1 and the operation mode fullpower.
It is good that the analysis clearly states which method it follows and how it has been adjusted
by HRA-and subject-matter experts. The adjustments are further explained in the appendix, with
a step-by-step guidance.
The analysis gives a good description of the manual actions that has been chosen, including
information as its preceding events, the objective of the manual action, its time constraints and
quantitative results with comments. This gives an insight to during which circumstances the
actions is performed. What could be missing and interesting to know is a source or reference to
the HEP-values.
In the appendix a quantification of PSFs are given, in a good overview way. Thou it could be of
interest to know why those PSFs have been chosen, and the arguments for both their weighting
and point ranking. A source is given for the principles of calculating the probabilities, which is
good.
6.2.8

Document 13

Document 13 is a performed analysis, for level 1, and for type B actions, for the operation modes
shut down and start up.
It is good that the analysis clearly states which method it follows.
It is very good that the analysis explains which type of actions it will look further into (according
to IAEAs definition of type A, B or C actions). This makes the analysis easier to follow and no
question marks if the action regarded is a pre- initiator, initiator or post-initiator, which many
analyses miss to include in their analysis. This raises the questions if those analyses have a
reason for leaving this information out, or that it has “just been forgotten” or if different types of
actions wasn’t actually accounted for.
The analysis also states the general procedure to be used during the HRA, no method source is
given, but this “checklist” none the less gives a good insight in how the work has been performed
and the factors that have been included in the analysis.
The analysis states that notes were taken during all the interviews and this information were
also categorize in a clear way. (But no further statement on what the focus was for the note
taking or examples of how to categorize something in a clear way means).
This analysis also gives a short evaluation of quality of the written instructions that are available
and has been used in the analysis. This is something that is rather unique for this analysis but
very good. It gives a further insight on the quality of the material that the analysis builds on and
that the NPP operators have to work with.
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6.2.9

Document 14

Document 14 is a method description, for level 1 and for type B and C actions, for the operation
modes shut down and start up.
This report is a method description and early states the focus, aim and goal of performing this
sort of HRA analysis.
The method gives a general step-by-step guideline of what the analysis should include. A little
more thoroughly description is given for the screening model; it is good that it states which
parameters should be included and how to rank them. This makes it easier for the analysts to
know which parts that are important and how to evaluate them, it gives some more specific
descriptions of the method that the more general information to be found in for example
international standards. Also for the recovery analysis a more detailed description is given, with
THERP given as the method to use, different parts of the time dependent curve are given
depending on the mental load or on how easy or hard the correction of the measure is. One can
argue both for and against that the method description specifies that different parts of the
THERP time-dependent curve should be used in different situation. On the one hand the method
is very easy to follow and clearly states how this part of the HRA should be performed, and
would also lead to a higher possibility to be able to compare HRA analysis on different plants or
NPPs. On the other hand a too specific method description could limit the quality of the analysis
by sometimes the method given is not always the best fit for the situation at hand.
The report clearly states that they do not consider PSFs, other than in the choice of THERPs
time-dependent curve, it is good that this is clearly stated but a further explanation of why PSFs
are not further included would be of interest.
It is good that the report specify which personnel that should be included when performing the
analysis, and the basic knowledge about PSA, specific computer software as well as the aim of
performing the HRA.
6.2.10 Document 15/16
Document 15 is a performed analysis, for level 1 for the operation mode low power. Document
16 is a method description, level 1 for the operation mode low power.
The analysis (15) has a clear reference to the method description (16) that is being used, which
through its title seems to be specific for this analysis.
The analysis has divided the results according to different workgroups, which shows that
different personnel groups in the same NPP ranks the 25 different factors that are said to
influence the work situation differently. Therefore the different workgroups could be said to
have different presumptions that they work from and accordingly, which is described in the
analysis. The 25 factors that could influence the work situation and performance of the tasks are
taken from the method description, and are in that document well described and commented
with requirements. It would though be interesting if the method sees these 25 factors that could
influence the work situation as PSFs, the parameters are close to each other but are not
mentioned as PSFs. Does the method make a difference between these 25 parameters and PSFs
as PSFs are mentioned in other analysis and reference documentation? Regardless, the 25
factors are well described, the train of thought is easy to follow and the method also gives a good
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description on how the 25 parameters should be ranked (from 1-5, where 5 comprehends to
“agrees completely”) as well as presumptions to be able to complete the work task. The method
also states that all areas that are clearly negative should be commented, and they have made the
judgment that a value is clearly negative if it’s under 2,5.
The method gives a reasonable description of how the screening analysis of manual operations
should be performed, with operating data or when that is not available with expert judgements
as a numerical estimate of how often a manual operation is wrongly executed. The method also
states a general description of how the expert judgements should be performed.
The analysis gives good information on which manual barriers and standby-system that exists
for preventing an action to lead to an initiating event and the probability of them failing.
The analysis gives clear recommendations on which shortcomings that should be corrected in
general, and also more specific which factors that could influence the work situation that could
be improved for the different workgroups. This is done in a simple and good overview way.
6.2.11 Document 17
Document 17 is a performed analysis for level 2.
The report is an analysis of level 2 PSA and it is good that there is a short description on what
the differences between level 1 and 2 PSA given, so the reader is up to date with the more
specific circumstances that exist during a level 2 PSA. In the report the situation on the unit after
a core damage is also described, this gives a deeper understanding of the more qualitative parts
of the analysis and also the situation that different workgroups on the plant is working in.
Included in the report are 19 factors that could influence the performance, which is good, that
the analysis takes such factors into account. But it would also be interesting to know the source
from where these factors spring. Further more from these 19 PSFs the ones that influence the
workgroups in the unit are described further, the feeling is that this has been done through
interviews but could be more explicitly described.
In the report ten manual operations are described in more detail, with both description of the
operation and how it is regarded in the instructions. Also the goal with the manual operation
and an estimate of its error probability with following comments are stated. This is a good and
informative way of describing the manual operation of importance, but a more informative
description of how the manual operation has been chosen is sought-after.
6.2.12 Document 20
Document 20 is a performed analysis, for level 1 including type A and C actions for the operation
mode fullpower.
This report is a performed HRA analysis for full power, and manual operations of type A and C
has been identified and analyzed.
For type A manual operations a set of guide-questions are presented that has been used to
estimate the probability for erroneous alignment component. This gives a good insight in how
the probability values has been established, and also gives the reader a better ground to make an
opinion about the reliability of the values. Depending on the answers (“yes”/”no”) given on the
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guide questions a correction factor can be derived from a matrix in the report, and from this and
from further two requirements the probability is estimated.
For the detail analysis a good and thoroughly description is given for its aim, prerequisite, time
window and with a table of course of events as well as how to quantify the manual operation.
This gives a good overview and understanding of how the situation around the manual
operations looks and also how the step is taken from being a human action to an estimated
probability value, with the help of the weighting and ranging of the PSFs.
For type C manual operations it is stated that the analysis has been made in broad outline with
screening values. A good description is given of measures taken, prerequisite, available time and
the diagnosis and interference, this gives a good view of the circumstances in which the manual
operation exist. What is missing, and is better described for manual operations of type A, are a
source and/or explanation of the estimated screening- and probability- values.
It is stated that a simplified model for dependencies are used, taken from THERP, it could be said
that more dependencies could be taken into account. The description includes a matrix of the
dependencies accounted for with related probability values; the matrix gives an informative and
easy to read overview of what aspects that has been included in the simplified model.
6.2.13 Document 21
Document 21 is a performed analysis, for level 1 including type B and C actions, for the
operation mode shutdown.
This report is an HRA analysis made for shutdown NPP, it is stated that manual operations of
type A and C (except for one manual operation of type C) is discussed in the analysis for full
power and is therefore not further analyzed here, what this report focus on is manual actions of
type B. This clear statement of what type of action the report includes makes it easy to follow
and to understand the train of thought during the explanation of how the analysis should be
done.
The analysis states that interviews has been performed with workgroups to identify which of
the workgroups that execute manual operations and in which documentation the instructions
for them are to be found. Following, those instructions has been gone through step by step with
the thought in mind if something can go wrong, disturb or worsen the situation it will be looked
into further (it is also good that an explanation is given on what it means in this analysis with the
term/concept of disturbed or worsened situation). Not only does this analysis state how the
documents for further analysis has been chosen, it also specifies in more detail than many
reports what has been the aim when studying instruction documentation, it gives more detail on
what has been the thought of reading the instructions in the first place.
In the report the selected manual operations that could be harmful are described, along with
quantification according to a screening model described in the appendix. For one manual
operation THERPs time-diagnostic curve is mention as a method to estimate the probability.
In the appendix is a description of how the screening model for manual action are to be
performed; which parameters that should be regarded, instructions for how the ranking should
be done and how to translate the ranking into probability values. It is good that the screening
model is explained step by step, and it is easy to follow and understand. One question that does
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occur is if the parameters to be regarded here are to be thought of as PSFs? Why and from where
have these specific parameters (complexity, experience/habit and feedback) been chosen?
6.2.14 Document 22
Document 22 is a performed analysis, for level 1, including type B and C actions, for the
operation mode start up.
This report is an HRA analysis made for start-up NPP, early in the report it is stated that it is an
overview analysis that has been made with the results in screening values. Human actions of
type B has been analyzed, along with one human action type C, for other type C and A actions the
analysis refer to the analysis made for full-power at the same NPP. The following analysis is very
similar to the one for shutdown NPP, 21, above.
6.2.15 Document 24
Document 24 is a performed analysis, for level 2.
This analysis is made on PSA level 2 and it is said that 13 manual actions has been chosen for
further analysis, what would be interesting to know is how and why these particular actions has
been chosen.
It is good that the report describes the special circumstances that exist in the NPP when a
meltdown has occurred, e.g. the circumstances that the PSA level 2 analyzes. This gives a better
insight in the new conditions compared with the circumstances that exist under PSA level 1. The
analysis also describes what the direction of the analysis have been, that the main weight has
been laid on qualitative descriptions of the manual actions and for that reason the quantitative
“description” has only had an screening character.
The report also describes and gives good references to why some general error probabilities
have been used. A discussion can of course be made of the reliability of using general values
(compared to plant/activity specific values) in general, but that a reasoning is made in the report
of why the authors think this can be done is good and the references to the general values makes
it easier for the reader of the analysis to make up their of idea of the reliability of the used
values.
The analysis gives good descriptions of the scope of the report and what is not to be included. In
a shorter paragraph it is stated that the descriptions of the manual actions are based on
walkthroughs of drift instructions, discussions with different personnel groups and a workshop.
Furthermore that the manual actions that were selected for further analysis, where analyzed by
a PSA-specialist, a MTO-specialist and two drift-experts during a two day workshop. It is good
that the time allocated for the analysis is stated and also which personnel that were included in
the work.
A list of 19 PSFs are given, but it would also be interesting to know from where these come, are
they from some well accepted method or have they been established by the personnel in the
workshop, and which method was then used?
For each and one of the selected manual operations a description of its prerequisite is given, this
gives the reader a good view of the conditions under which the manual operation are to be
performed and therefore also a feeling of the work environment on the unit. This also includes a
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description of different workgroups tasks, how they should support and unload/relive other
workgroups and their work situation. The analysis also makes a connection between the general
PSFs that were presented earlier with the specific workgroups that are involved in scenarios for
PSA level 2. This gives a better overview of how the PSFs actually influence specific situations,
the only thing that could be interesting to know is how this has been done, is it a result of the
workshop or has some other method been used?
The different manual operations are defined, explained with the goal of the measures,
symptoms, available time, available instructions, as well as comments and estimate of error
probability (sometimes the general value mention in the beginning is used, and sometime other
values and then most often with a clear reference).
6.2.16 Document 25
Document 25 is a method description, including all three types of actions (A, B and C actions).
This report is a method description for HRA, both the scope of the human actions that should be
analyzed, the prerequisites as well as which main sources of input information that shall be used
are stated. It is also mentioned that THERP is to be used along with a PC-program.
The report gives good information on what is meant with type A, B and C actions as well as skillbased, rule-based and knowledge-based behaviour, what could be said to be missing is a
connection between this information and how to actually use it in the analysis. Also the different
methods to be used are briefly described, with short comments on when to use which method
(THERP, ASEP or HCR). Along with this information a general guide of the work performance is
given, this gives a good and well described overview of what shall be done in the analysis, which
parts that are important and why with good references when needed. For example it is both
mentioned that there should be a familiarization with the plant in question, with a review of
information of human actions that could affect system-critical components. It is also given a few
“steps” on what should be done in the qualitative assessment (that it should include a review of
procedures and a task-analysis) and some guidelines on how this should be done. This
information is also given for the quantitative assessment (assignment of HEPs, estimating the
relative effects of PSFs, assessment of dependence, determination of failure probabilities and
recovery factors). Lastly also some guidance of how to (and why) incorporate this information in
the fault-tree/event-tree model. This information/step-by-step guideline gives a good picture of
how a HRA should be performed, in which order and often with explanations of why.
6.2.17 Document 27
Document 27 is a method description for the operation mode full power.
This report is a method description for full power NPPs. In the beginning the description makes
a clear division between type A, B and C actions, with a short explanation of each and which
should be further included in the analysis. This clear division of which type of action that are
considered continues through the report, which makes it easy to follow and to know which
action that are considered, and that the different actions do have different methodologies. It also
states that the authors are aware of that different types of actions do exists and those they are to
be evaluated and quantified in different ways.
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The report also makes a reference to U.S. NRC (2005) as a state-of-art, which they try to follow.
As well as conducting interviews with operation, maintenance and training staff to take into
account plant-specific knowledge. This show not only a deeper knowledge of international
guidelines when it comes to HRA but also one important thing when performing HRA: to get
plant specific data when possible by talking to personnel and reading instructions.
The report specifies that the HRA should be an integrated part of the PSA, and through the
method description this is clearly shown.
When it comes to quantifying HRA the report shows an awareness that often is not as
clear/explicit in other description. That data for quantifying HRA is not always as available as
data for mechanical parts, and for that reason expert judgments from HRA literature are used
and modified with the help from experts on the plant. Another interesting ting to be found here
are that the report says that the numbers (quantifications) have been adjusted to be able to get a
uniform scale between all units at the plant, but that the values still are in line with those on
other plant and in other PSA-studies. What this could be showing is an aspiration towards a
more unifying PSA-studies, and possibility to compare results between units. This could also be
shown in the fact that the plant has one method description for HRA for all its units and that the
different descriptions for full-power, shutdown and start-up and shut-down all makes
references to each other.
An interesting quote from the report in relation to this is:
“[…] instead of the credibility of single (isolated?) numbers the scale of the whole analysis
(of which operations that are identified and modelled), consideration to dependencies
and the consideration to the ability of feedback should play a bigger role in the end
result.”
Included in the report are also several tables of error probabilities; with probability values, type,
and comments about the ranking of the probability. The tables are easy to follow, and the
thought that the same tables are to be used on all the units in the NPP are refreshing.
The report also comprises a section of which personnel that should be included in the HRA-team
and which roles they have in the different steps of the analysis. This is an important question
when performing any kind of analysis, who should be included and what their roles are . The
method description leaves no questions about which individuals they think should perform the
analysis, and the information of what their different roles are also gives information on how and
what the analysis should include.
When it comes to material to be include in the study the method description gives clear
examples of which instructions and reports that are to be included, or that could help the
analysis. Also clear formulas to use are given, and for example Swains time independent model
are mentioned.
For type C actions a table of calibration factors are given, that are very similar to PSFs, with
examples and advice of how to estimate them. A question arises from where these calibration
factors derivate, a sources or reference would be interesting and to give further information of
why these calibration factors have been chosen and why others are not included. Though a good
step by step description for how the expert judgments are to be done for the calibration factors
is given.
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A short text is given that manual operations for level 2 PSA should be analyzed by the same
method as in level 1 PSA, are this to say that they see manual operations in level 1 and 2 the
same, with no differences?
For the detailed analysis the aim is said to be to qualitatively investigate the conditions for the
manual operations and to identify and credit recoveries as well as barriers and an evaluation of
PSFs. What would be interesting is a further/or detailed discussion of the method for identifying
barriers, not just that they should be discussed and identified. The same could be said about the
section describing the evaluation of PSFs, compared to the rest of the document the information
given on how this should be done is parsimonious, but on the other hand compared to some
other method description the information that it should be performed is at least there.
When describing the process of uncertainty- and sensitivity analysis it is clear that the HRA is
performed as a part of the PSA, namely in the fact that the quantification of them are not done
separately in the HRA but for the whole PSA-model.
Lastly the document gives a checklist of the information that should be included in the
documentation of the analysis.
6.2.18 Document 28
Document 28 is a method description, for the operation modes shut down and start up.
This report is a method description for shut down and start up NPPs and are closely related to
the document above (27) and below (29). Here it is clearly stated that it is human actions of type
B and C that are regarded and that information (regarding identification of actions) should come
from interviews and be documented in a hierarchical task analysis according to (Kirwan, 1994).
A description of how this qualitative analysis should be done is given and for the quantitative
part, detailed analysis, uncertainty analysis and how to document the process reference is given
to follow the procedure in the method description for full power NPPs.
6.2.19 Document 29
Document 29 is a method description, for the operation mode low power.
This report is a method description for shut-down NPPs and have many references to the
method description for full power (27); both for the overall analysis steps and different types of
actions. It seems that a set of action has been identified in earlier stages and that it is from this
list of actions that each unit map out the actions that are current for the unit being analyzed.
This is something that is a bit unclear in the report, and how do you know that all possible
actions are included in the first list to choose from? A more thoroughly description is given for
how the sequences of actions are to be identified, with the help from example interviews and
instructions, as well as a more detailed description of how action type B should be analyzed,
with tables of probability values for manual actions and recoveries.
This was a review and comments of things worth mentioning from the method descriptions and
performed analyses from Swedish NPPs, below is a table that summarizes which methods that
are used on the different NPPs in Sweden when performing HRA. Some of the units make a clear
distinction on which methods are to be used for initiators, pre- and post-initiators and some
does not have a distinction for this. Some units have clear and easy to follow method description,
with references and others do not have a clear method source.
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Table 5, Used HRA methods on Swedish NPPs

Utility

Pre-initiator

Initiator

Post-initiator

Unit 1 – Power
operation

Method not defined
for analysis of manual
operations. RELCONs
HRA-method with
adjustments for the
quantification. THERP
for dependencies

-

Method not defined,
but THERP is used for
dependencies

Unit 1 – Low power
operation

-

THERP for
quantification of
recovery, otherwise
method source not
identified

-

Unit 1, PSA Level 2

Makes no apparent distinction between types of initiators. THERP,
ASEP, and general probability values from Kirwan (1994).

Units 2-4

THERP, ASEP and
HCR

THERP, ASEP and
HCR

THERP, ASEP and
HCR

THERP for detailed
valuation of HEP,
ASEP (simplified
method based on
THERP) is used for
estimation of
probabilities in a
screening process,
and applied in the
case of minor result
importance of a
human action.

THERP for detailed
valuation of HEP,
ASEP (simplified
method based on
THERP) is used for
estimation of
probabilities in a
screening process,
and applied in the
case of minor result
importance of a
human action.

THERP for detailed
valuation of HEP,
ASEP (simplified
method based on
THERP) is used for
estimation of
probabilities in a
screening process,
and applied in the
case of minor result
importance of a
human action.

Unit 5 – Power
operation

Makes no clear distinction between types of initiators. Relcons HRAmethod with adjustments for qualitative screening and recovery
model.

Unit 5 – Low power
operation

Method source not
defined. But mentions
THERP for time
dependent recovery
actions.

Method source not
defined. But mentions
THERP for time
dependent recovery
actions.

Method source not
defined. But mentions
THERP for time
dependent recovery
actions.

Unit 5 – Cold
shutdown

Method source not
defined

Method source not
defined

Method source not
defined
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Utility

Pre-initiator

Unit 6 – Power
operation

Method source not clearly defined

Unit 6 – Low power
and cold shutdown

Method source not
clearly defined

Method source not
clearly defined

Method source not
clearly defined

Unit 7 – Low power
operation

Method source not
clearly defined

Method source not
clearly defined

Method source not
clearly defined

Unit 7 – Cold
shutdown

Makes no clear distinction between types of initiator. CREAM, THERP
for recovery

Unit 7 – PSA Level 2

Makes no clear distinction between types of initiator. Method source
not clearly defined. THERP and Kirwan are mentioned for error
probability values.

Unit 8/9 and 10 –
Power operation.

State-of-the art
method, follows
NUREG-1792, but for
quantification older,
first generation HRA
is used. Swains
Handbook, table 20-1,
base probability
curve.

Not included in the
analysis

Same as for preinitiators

Unit 8/9 and 10 –
Cold shutdown

Only included if
significant effect on
the identified event
sequences, same
method as preinitiator full power

Follows pre- and
post- initiators for full
power and also
service experience
from TVO (expert
judgements and
experience)

Follows pre- and post
- initiator for full
power

Unit 8/9 and 10 –
Low power operation

In general not
applicable but this is
checked during
interviews. If
applicable the same
probability values as
for full power is used.

Follows pre-and postinitiators for full
power and initiators
for cold shutdown

Follows pre- and
post- initiator for full
power

(Same method for
both Level 1 and
Level 2 PSA.)
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Initiator

Post-initiator

6.3 Interview results
Below is the results from the interviews presented, answers from the different interviews are
given to each of the questions that are relevant to the thesis. To in some way further explore the
aim of the thesis and hopefully answer some questions that the method descriptions and
performed analyses have left unsaid. The interviews were performed in Swedish and the
following quotes in this section are translated into English, and it is the core of their answers
that are reported.
6.3.1

About the HEP values and accepted limit for HEP

When talking about the use of HEP values and accepted limits for them one of the interviewees
expressed the following:
“But for it (the HEP value) to be true the dispersion is large because it is such a big
uncertainty in it and that is the part that I find contradictory. What you need then is a
method/a workflow that tries to narrow down the value in a correct way” … “the latest
we did was through expert judgements, what we can’t handle is that we don’t have
enough experts, they are hard to get hold on” … “we are hardly more than 3-4 and what
we try to do is to rank the things included and have a general discussion about the values.
The ranking is then tested against other experts/operators that were not included in the
discussion.” Interview 1
For the accepted limit of HEP values: “When you do these big analysis (the whole PSA-analysis),
it is not every individual value that are a restrictive value but it is the whole of the PSA.”
Interview 1
“In general, we do not have the possibility and resources to do analysis on all values and
then you put general values and when you run the analysis and particularly when you
run the sensitivity analysis you will know which values that are sensitive, that are
important that it is estimated properly if it is pervasive. And this shows us on which
values we should do detailed analysis.” Interview 1
“The HEP values are from that thick book from the 70’s… THERP … we mainly use those
tables.” Interview 2
“Which HEP values to used depends on the analysis/application that you make, but
originally they build on the values from THERP and Kirwan.” Interview 3
“HEP values comes from expert opinions, around 6-8 experts, and the values didn’t differ
all too much” Interview 4
6.3.2

About different HRA methods and HRA methodology

The interviews also included a question about the use of different HRA methods, where some
saw it as hard to only use a fixed methodology for all categories and actions that needs to be
analysed. Below is some quotes from two of the interviewees
“I can’t see that you can have one general method and use it regardless of where you are
to put the value, the important thing is that you describe how you did so that someone
else can understand why you got that particular number” Interview 1
“(have one base methodology) and we often do modernised versions of that, depending
on how much time we have and how many operators/experts we can get hold of”
Interview 2
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From interview 2 it also follows that they often include expert opinions and estimates in the
analysis and that they always starts with performed deterministic analysis that states how much
time the operators have to perform a specific sequence of events.
“How many operators/experts that they can get hold of and the time available for the
analysis is what plays the biggest role in how the method looks (how they modernise the
base methodology)” Interview 2
From interview 2 it also follows that the interviewee seems to think that there do exist good
HRA methodology for the qualitative parts, but what is needed are resources to actually fully use
them.
“There is good HRA methods, at least I think so for the qualitative parts. But we don’t
have the resources to use them and also it doesn’t really matter if we do a really good
qualitative investigation anyway if we later put up a finger and says this table seems
good, it is that connection that I would like to see developed.”
From interview 2 it also follows that the interviewee feels that they need a number to present to
the authority/government that they would have to defend themselves if they do not present a
value. The interviewee also mentions that for quantitative results it is easier to put a limit for
what values that are acceptable and which are not, that is harder for qualitative results. The
interviewee also mentions that it seems like people get a feeling that something is safer if it has a
“value of how safe it is” compared to more qualitative results.
6.3.3

About manual operations for screening analysis or detail analysis

From interview 1 it follows that screening analysis are to be compared to general descriptions
and that detailed analysis is expert judgements. It is also added that expert judgements in some
way is subjective judgements, that some people might be more pessimistic or optimistic than
others and that it would do good if the more of these sequences of events could be tested in for
example a simulator. It is also added that as far as the interviewee knows they do not have any
formal methods for conducting interviews in the HRA.
“If I have understood it correct, when some values stands out too much and we might be
saved by a manual action, this is when we perform the HRA analysis on those sequences.”
Interview 2
“But it’s not structured interviews, more like workshops. In the beginning it could be
more formal and guided but then it is the operators that talks and explains how they
would work in that situation that we have described for them and during that time we
ask questions “but what if this or that happen”. We don’t record the interviews; it is more
as “medias of meeting”. “Interview 2
“First you are happy with a form of screening analysis or a conservative analysis where
you don’t put so much, maybe you have a lot of different operations that you need some
form of data for quite fast, you do not want to put in a lot of time on detail analysis on all
the operations before you know how important they are for the analysis. That’s when you
do a screening analysis/conservative analysis, that doesn’t take so long time to perform
and tries to put that into the PSA to see if there is some operations that we should make a
detailed analysis on.” Interview 3
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Interviewee 3 also mentions that it is of importance to always have an eye on the whole of your
PSA, that you can’t say if a values is over or under a specific value, those kinds of judgement is
made in relation to the whole of the PSA.
6.3.4

About PSFs

Interviewee 1 reports that they use more of a fix list of PSFs than a flexible one, and thinks that
that list from the beginning comes from THERP and that they have added PSFs to it later on. The
judgement of the PSFs is made through discussions, with maybe 3-4 operators/experts, and put
+/- in addition to a qualitative description of them.”
“When you use PSFs in your analysis you exclude some of them because they are not
relevant or that they are within the normal span and then you look at the PSFs that you
think have a bigger influence on the operation.” Interview 1
Interviewee 2 sees the PSFs as one of the most important parts of the HRA, and that the
judgement of them is a sort of ranking with +/- for the PSFs that are most relevant in the
different situations, time is most often relevant.
“That (PSFs) is what we most often always use in some way, in some analysis more
explicit than in others and in those kinds of analysis you have a process where you try to
map which PSFs that are important for this plant and this operation in cooperation with
the operators. But all probability values, even those that are taken directly from THERP
or Kirwan or some other book, builds on that there is some specific circumstance (you
might be under a lot of stress during certain operations, or have to take a decision in a
short amount of time), so all HRA that you perform in some way builds on or presupposes
the use of PSFs in some way or another. It’s more a question of how explicit you are on
showing which PSFs you are using, or taking into account.” Interview 3
Interviewee 4 states that PSFs are important to get an estimate of surrounding factors.
6.3.5

About comparing results between units and what would be needed do be able to so?

Interviewee 1 does not think there is any goal in comparing results between units or plants.
“I think that in that case you are regarding the numbers/values as a form of truth, and
they are just a ground of judgement between other judgements that you have made.
What you want to do is to use the values to be able to priorities your work to improve it.
But I can’t say that one power plant is as dangerous as some other plants just because
there is a PSA analysis that has an end value that says so… “ Interview 1
“If you have a big uncertainty in some numbers and then compare them with some other
values, I don’t think you can handle to keep track on what you really are comparing.”
Interview 1
“Yes, between similar units (it’s worth comparing results), partly to know how they have
reached those conclusions, how the analysis is performed and to maybe see which values
that sticks out and if they are similar.” Interview 2
Interviewee 2 seems to see that a relevant study is a study with the aim to investigate the work
methods or approach on the different units instead of the aim of putting a number into the PSA.
“What is it, is there some difference when it comes to instructions or in the units, or the
way of working in the units that makes the conditions better in one unit compared to
another. So, from that view it is very interesting to compare HRA results, but differences
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in probabilities for a failure or HEP value could also have their ground in that it is not
differences in the units per se but maybe differences in how the analysis were performed.”
Interview 3
Interviewee 3 also mentions that to be able to compare the results you have to know underlying
assumption and simplifications that the results are built on. How the analysis were performed,
was it a screening or detailed analysis, were/which PSFs were regarded, maybe the results from
two different units are similar but in one case it’s more traceable than in the other.
Interviewee 4 thinks that for similar units it should be a learning factor to compare results, but
that they have to have equivalent methods.
6.3.6

About the HRA results (quantitative vs. qualitative)

The quote below is how interviewee 1 thinks about the HRA results, that the results need to be
quantified partly to have a number to put in to the PSA but also to be able to rank the results
from different actions beeing analysed.
“There is two reason to why you do it (quantify the HRA results), one is to put it directly
into the PSA. But the other is that you have to have some sort of ranking to other things.
[…] To have some sort of ranking, there is no point write down everything that possibly
can go wrong if you don’t rank them. To know that this error (something that can go
wrong) have a low probability but it’s consequences are severe and not acceptable and
then you might have to do something to correct that error, you have to look at the whole
picture. And in some way you have to do a ranking of how often it occurs.” Interview 1
Interviewee 2 mentions that when it comes to the qualitative part of the results it be performed
better but the main thing is that the results could be taken care of better.
Interviewee 3 answers that (to the question for whom is it important that you quantify the HRA
results?) the results are to be put into the PSA.
“You cannot, you cannot use, how much power you put on the qualitative parts and how
well you describe the conditions for a manual operation, you can’t use them in your PSA if
you do not have a quantitative value.” Interview 3
About another value of performing HRA, except for the number going into the PSA –
Interviewee 1 thinks that it could be a value of making a stronger and clearer connection
between the qualitative parts of the HRA to the educational side. The interviewee also says that
he thinks that the authority has a demand that the HRA should include both a quantitative and a
qualitative part, but also says that he doesn’t know if the authority always sees the qualitative
part of the HRA, that that part gets lost and not looked into further because the HRA already has
a number and it’s number you go on.
Interviewee 4 sees another value for example for the operators that are included in performing
the analysis. That just being a part of the analysis gives something back to the operators, that it
encourages the operators to think about safety in a different way and that it leads to that the
group (of operators included in performing the analysis) gets positively surprised and gets
another respect, and sees the value in their own work and the aim/value of performing these
kinds of analyses. That the operators that are included to perform the HRA gets another
understanding for their work and for the analysis per se.
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6.3.7

About the tight connection between the HRA and the PSA

Interviewee 3 says that maybe the more qualitative parts of the HRA gets more attention and
resources if you perform it as a stand-alone-analysis, rather than connected and as an input to
the PSA.
“As I see it PSA is the superior analysis and HRA is one part of the PSA.” Interview 3
6.3.8

About Swedish HRA standards

Interviewee 1 doesn’t think there is a Swedish standard, and that their standards probably are
grounded on the American standards.
Interviewee 2 doesn’t think that there exists a Swedish standard, and the closes example of one
would probably be SKI (2003).
Interviewee 4 says that the Swedish standards are poorly developed.
6.3.9

General comments about HRA

Interviewee 1 states that humans are more controlled by feelings than of probabilities and that it
is always from accidents that you discuss, you don’t really see the preventive work that has been
and is being done.
“… and it probably is this that our feelings control and here there are much focus on
occurred events and we have to handle those very strict and in a correct manner, and the
authority is watching our back and reviews these reports thoroughly. So we put a lot of
resources on those types of actions, even if they are, banal is a bit harsh to say, but for us
that works within the nuclear power they can be seen as banal but from the outside all
our incidents are serious.
Interviewee 1 mentions an accident on one unit at another plant, and when it was looked into
the same conditions for that particular sequence of events existed on one of their units and if
that accident would happen at their unit the consequences would be much more sever. But the
general opinion outside the power plants were that it was worse on the first unit, were it
actually happened than on the other unit, because it hadn’t happened there.
“It’s often demanded that you talk to more than two operators to be able to make some
changes in the plant, to know that we really are looking at the right things and in the
right way. Which in a way might sound strange when you can put values into the PSA
after talking to just two operators” Interview 2
“If it says that general value has been used (for example general HEP values has been
used in an analysis) I would suppose that those values are from THERP.” Interview 2
Interviewee 4 says that there is much qualitative information that gets lost when the focus is so
strong on getting a resulting number, and that the HRA method would benefit of a development
to include the qualitative information and evaluate it in another way.
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6.4 Result summary
The results from this study is three folded, first there is the result from the international
standards included in this thesis ((ASME, 2001); (IAEA, 2006) and (U.S. NRC, 2005)) consisting
of found requirements that are put on the different technical elements that a HRA should
include. The next part is the method descriptions and performed HRA analyses from the three
Swedish NPPs, describing either their method for how HRA should be performed or how the
analysis has been made. Last, but not least, is the result from interviews with HRA performers,
and their view of using HRA methods and general thoughts about HRA and probability.
Some of the finding from the first part (requirements found in the international standards) of
the result are presented in Table 6. This table tries to condense what a HRA should consist of
and how this should be fulfilled. The table is not meant to serve as a comparison between the
three international standards, but as a summary of what the three of them include and press on
important factors found.
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Table 6, "What a HRA should include, condensed from the three international standards"

Pre-initiators
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“Technical element”

“Requirements/How-to”

Systematic identification of
routine human activities that could
leave equipment unavailable

Review of procedures and operational practices as well as equipment for all routine testing and
maintenance with the focus to find the opportunities for operators to fail to realign equipment to its
required status. Especially activities that can disable multiple trains of systems simultaneously (for
example same crew, common incorrect calibration/tools, training, proximity in
time/space/location)

Screen human activities that do
not need to be modelled, based on
an assessment of how reactor and
plant specific operational practices

Rules should be made for when to screen out an activity or not. Actions must not be screened out if
it affects redundant or multiple diverse equipment, but can be screened put if the equipment is
automatically re-aligned, the equipment signal is indicated in the control room and its status is
routinely checked and realignment can be made from the control room.

Define/Model appropriate/specific
HFEs for the unscreened human
activities

Define the non-screened HFEs as basic events in an appropriate level of detail, and should include
all significant contributors to equipment unavailability and for example those modes of
unavailability that results from failure to restore for example equipment to the desired standby or
operational status or automatic realignment or power. Also include the impact of miscalibration as
a failure mode.

Quantify/Assess the probabilities
(HEPs) of the pre-initiator HFEs
using a systematic process, and
use of plant-specific and accident
scenario specific factors when
necessary

For initial quantification use screening-level HEP estimates that make the PSA quantification
process more efficient, but no HEP screening value should be lower than 0.01 and multiple HFEs in
the same sequence should not have a joint probability lower than 0.005. For significant HFEs
perform detailed assessments and include for example plant-specific information such as the
quality of written procedures and the quality of human-machine interface. The HEP assessment
should also account for relevant plant- and activity-specific PSFs as well as plant-specific recovery
factors and the dependence between HFEs should be assessed (recommended values are given in
for example (U.S. NRC, 2005)). Also the uncertainty in the HEP values and their reasonableness

should be assessed.
Documentation
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For both pre- and post-initiators the HRA analysis should be documented on a level of detail that
are appropriate to the PSA application and the issue that are being addressed. Mentioned as a rule
of thumb for adequate documentation is that an knowledgeable reviewer should be able to
understand the analysis and be able to approximately reproduce and reach the resulting
conclusions.

Post-initiators
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“Technical elements”

“Requirements/How-to”

Systematic identification of
potential post-initiators

Review of relevant procedures and training materials as well as a review of functions and
associated systems and equipment. A list of certain expected types of actions is also given.

Define how to model the HFEs that
correspond to the identified
human actions in the PSA in an
accurate way

Always include HFEs that are needed in the PSA model, HFEs that cause an initiating event or
follows from an initiating event shall be defined. When defining and assessing the events, make sure
that they are plant- as well as accident sequence-specific when needed. This process also include
for example talk through, walk downs, field observations and simulator exercises when needed to
fully understand the nature of the actions.

Quantify/Assess probabilities for
the post –initiating HFEs

Assessing probabilities should be done using a well-defined and self-consistent process that take
both reactor-, plant- and scenario-specific influences (PSFs) as well as dependencies between HFEs
in the same event sequences into account. When quantifying there is a recommendation to use
screening values during the early stages, but for example should no conservative HEP values be
lower than the worst case scenario and generally not lower than 0.1 and multiple HFEs in the same
sequence should not have a joint probability lower than 0.05. For significant HFEs perform detailed
assessments and include for example plant-specific information such as the quality of written
procedures and the quality of human-machine interface. The HEP assessment should also account
for relevant plant- and activity-specific PSFs as well as plant-specific recovery factors and the
dependence between HFEs should be assessed (recommended values are given in for example U.S.
NRC (2005), the same standard also provides examples of PSFs that should be considered for
certain actions. Uncertainty in the HEP values and their reasonableness should be assessed.

Identify and model recovery
actions

Recovery actions that can restore the functions of systems and that are plausible and feasible
should be modelled.

Additional findings are amongst others that the three documents on the whole give a good
descriptions on what should be done, but not exactly how or the level of detail needed. This
seems to be something that experience in the field from performing such analyses could give
better answers to.
Some of the results from the review of method descriptions and analyses from Swedish NPPs
amongst other things show that there is variability in the level of detail in the descriptions of
how manual actions have been chosen. A natural explanation of this could be a difference in if
the manual actions have been chosen by the HRA team or earlier by the PSA team. There is also a
high variability of how the probability values are presented and with/without references. Where
some reports give obvious and clear references to where the values are derived from and others
give a more vague reference to an earlier report, which in turn have a reference to yet another
report. Another difference between some reports is the level of detail in the description of
manual actions, and how the information is presented. Some reports have very detailed and easy
to follow qualitative descriptions of the chosen manual actions, of both what happened before
the manual action; time restraints and operator conditions. One last point is how PSFs are
regarded, some reports have more vague references to their PSFs, and others clearly display
from where their list of PSFs derivate. Some reports give a good overview of how to quantify the
PSFs and other reports just give a qualitative description.
Interesting results from the interviews are amongst others that depending on the interviewee's
background knowledge and experience slightly different answers were given to questions
regarding for instance some other value of performing HRA than just as an input value to the
PSA. Another result from the interviews are that several of the probability values are said to
derivate from Kirwan and THERP, and one interviewee also stated that expert opinions were
used. Regarding PSFs some interviewees saw them as one of the most important parts of the
HRA, and that one way of taking them into account (beyond the qualitative description) is to
rank them in relation to each other.
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7

Result discussion

This section discuss the results from the study, first the results from the literature survey
including the three international standards regarding HRA requirements are made. Following is
a discussion about specific requirements on both PSA and HRA and thereafter a discussion on
requirements on HRA from Swedish NPPs.

7.1 Different requirements on HRA from the three standards
In general the three international standards ASME (2001); IAEA (2006) and U.S. NRC (2005) are
quite similar, they are more of a generic nature and do not often give specific examples on how
something should be done or examples of which method that could be used. The three of them
do include approximately the same technical elements, expressed in slightly different terms. The
requirements or “how-to” are similar but sometimes differs a bit in their specifications. In Table
6 is a condensed summary of what a HRA should include from the three international standards,
most of the information are to be found in each one of the international standards. If to chose
one the standard from U.S. NRC (2005) could be said to include the most comprehensive and
with the most detailed information on what the HRA should consist of. Not only with what
aspects that is important to think about but also includes some comments of what can happen if
an aspect is not taken into account.
7.1.1

Manual actions and screening

The first step of HRA includes choosing which manual actions that should be included in the
analysis. From the standards follows that for both pre- and post-initiators this should be done
through a systematic review of procedures, operational practices as for equipment. As this is
written in the international standards it is perceived as this is to be done by the personnel
performing the HRA analysis. In contrast to this it follows from the interviews that most of the
times manual actions to be analyzed and included in the HRA are chosen by the PSA team and
then given to the HRA team to analyze. This could be one reason for why it's, in several
performed HRA analyses from the NPPs, not always clear from where the manual actions has
been taken and why they are included in the analysis. What this also shows on is the very tight
connection that the HRA has to the PSA. Actions that cannot be modelled in the PSA and includes
human contributions are taken out of the PSA to be evaluated in the HRA and then put back into
the PSA. The general comment regarding how manual actions have been chosen to be included
in the performed HRA analyses is that it do not follow the recommendations from the
international standards, or at least that it cannot be derived how the human actions have
actually been chosen.
Another part of the HRA method that are poorly described in several HRA methods at the
Swedish NPPs is the distinction between screening and detailed analysis of Human Failure
Events (HFEs), when is the one or other done and what do they actually include? The
international standards concludes that this part of the analysis should include making rules for
when an action should be screened out and not, and gives examples of during which
circumstances an action must not be screened out. From the interviews follows that screening
analyses are to be regarded as general descriptions. That it is some form of conservative analysis
that you perform when you do not want to put too much effort or time into the analysis before
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you know which human actions that influence that sequence the most. One interviewee
expresses it as this: “In general screening analyses are done to save resources” (interview 5).
When the value of the screening analysis are put into the PSA, the output of the whole of the PSA
shows which human actions that are the most likely to influence a chain of events and therefore
are the human actions that are the most important to perform detailed analyses on.
Since the derivate of the human actions is not always known in all HRA analyses (when they are
chosen by the PSA-team) the reason for why the screening process is not always well
documented is understandable.
7.1.2

Assessing HEP values and PSFs

How to assess the HEP values could be seen as the main process in performing a HRA because it
is this value that is put into the PSA and therefore in some sense represents the performed HRA
analysis. It is this value that should represent the qualitative work of the analysis; therefore a
more elaborated method description for this part is sought. The international standards include
that screening values (= conservative values) could be used for the initial quantification and one
of the standards U.S. NRC (2005) gives a recommendation on suitable values to use. As for the
detailed assessment of the HEP values recommendations for the more qualitative parts of what
should be taken into consideration when performing the analysis is clearly presented. This
includes for example to take plant- and activity-specific PSFs into account, and examples of what
this actually means as well as recommendations of recovery factors and potential dependencies
that should be regarded. But there is no clear guidance of how to go from these more qualitative
descriptions of that particular situation on the plant to an actual quantitative value to put into
the PSA as an estimate of the human influence on the situation. This is also one of the aspects
that are taken up during the interviews, that the connections between the qualitative and
quantitative parts of the HRA should have a better overlap, be better integrated with each other
as well as better explained both in standards but also in the more specific method descriptions.
In estimating the HEP values one step is to take PSFs into account, for pre-initiators the
recommended PSFs are not as well described as for post-initiators (in the international
standards). But there is a description of main elements that should be taken into account during
the qualitative estimate of which factors that have potential to influence the human actions. And
U.S. NRC (ibid.) provides an appendix for post-initiators PSFs that includes well described
information on what to take into account. What could be said is missing is how to transform this
qualitatively described information into quantitative values, since it follows from the interviews
that some sort of ranking of the PSFs is desirable.
From the interviews also follows that PSFs always should be included in the analysis, that they
are important to get an estimate of underlying factors. Except for qualitatively describing the
most relevant PSFs for a given situation a common way of evaluating them are to rank (+/-)
them. One interviewee had a little different view on PSFs, that even if you do not include them
explicitly in you analysis they are in some sense still regarded in the probability values you
chose to use, “[…] even those that are taken directly from THERP or Kirwan or some other book,
builds on that there is some specific circumstances” Interview 4.
When it comes to choosing which PSFs that should be included in the analysis, it follows from
the interviews that, this is done in consensus with the operators during the interviews/work-
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shops. Where the most relevant PSFs are regarded and ranked and others excluded from the
analysis.
From the international standards follows for example which PSFs that should/could be included
in an HRA analysis. As I see it these could be used as a baseline/checklist in the analysis to see if
the operators have regarded “all” possible PSFs, or if some more should be included. What the
international standards on the other hand leaves out is how the PSFs should be regarded, and
furthermore how they should be ranked to in the best possible way help and lead up to a
representative numerical value to serve as an input to the PSA?

7.2 Requirements for specific applications on both PSA and HRA
Both in the interviews and the documentation it is clearly stated that HRA is tightly connected to
PSA. That HRA in some sense is driven by the PSA and closely follows the requirements that are
put on the PSA depending on its application. Guiding documents for different PSA applications
have for example been published by U.S. NRC, including more specific requirements for different
applications. But these include requirements on the PSA and even though the same
requirements are to be put on the HRA (that is a subset of the PSA) not many comments are
made explicitly on which requirements that are put on the HRA. The few to be found are also
quite hard to find and you have to read between the lines to understand if a certain comment is
actually a hidden requirement or not.
Another reason that the work of finding requirements on HRA, depending on its application, was
so hard started with the inconsistency of the definition of what a PSA application actually is. Not
only does the word application have different meaning in Swedish and English (and therefore
not regarded the same in international and national documentation) but also different
practitioners have a different views on what a PSA application is and how it differ from what in
this report is regarded as a “base-case PSA”. Taken together this lead to some initial confusion,
before a framework for what a PSA application are to be regarded as and from there finding the
right cues to search through the standards.
As one plausible explanation to this is that it is hard for a novice within HRA to get a quick
overview of both HRA as well as PSA to get an understanding for how the two analyses works
and see connections to how requirements on a HRA is derived from a certain PSA application
without being able to find clear written guidelines about this. As will be discussed in more detail,
there is a possibility that someone with more background knowledge and experience of both
PSA as HRA could find and see other connections between different applications, and following
requirements, in the two analyses.

7.3 Requirements on HRA from Swedish NPPs
Different HRA methods are used on different NPPs and sometimes also on different units within
the same power plant. As stated earlier some units have a clear method source for their method
descriptions for HRA and other units don’t. THERP is the most commonly mentioned method by
several units, both when it comes to accounting for dependencies, quantification of recoveries
but also when it comes to detailed evaluation of HEPs and as a source for general probability
values.
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There is also a difference between different NPPs on how much the mentioned methods for
different units and for initiators, pre- and post-initiators refers and builds on each other. Some
units make no distinction on if the human action is a pre- or a post-initiator, while other units
have clear distinctions and different methods for different initiators. Some NPPs also have
connections and cross-references between their units and some NPPs have different method
descriptions for all of their units.
According to the interviews it follows that different units uses different kinds of methods and
also that it would be hard to have just one HRA method and use it regardless of where you are to
put the value. One thought from the interviews was that there should be one base HRA
methodology and modernised versions of that should be used depending on for example how
much time and resources the analysis has. From the interviews it also follows that different
methods have both advantages and disadvantages, and that it is more important that the right
method is used in the right and appropriate situation than that there is one HRA method that is
always to be used. In connection to this another interviewee also mentioned that it’s not just the
importance of what method you use but also how you chose to describe and explain the chosen
method for the readers of the report, to make the analysis traceable.
One interviewee also mentioned the difference of acceptance when it comes to quantitative
compared to qualitative results or output from the HRA. The interviewee believes that it do exist
good methods for the more qualitative parts of the HRA but that there, amongst other things, is a
lack of resources to be able to use them. The interviewee continues with that when they are used
there is not really a good connection between the qualitative and the quantitative parts of the
method. The interviewee expressed a sort of resignation of performing good qualitative HRA, if
the value going into the PSA is the only thing that matters, “[…] also it doesn’t really matter if we
do a really good qualitative investigation anyway if we later put up a finger and says this table
seems good.” This is a point of view that is connected to the fact that HRA is tightly connected
and driven by the PSA, a numerical value always have to be one of the results from the HRA if it
is to be used in and as a part of the PSA.
The challenge then could be said to be able to lift up the qualitative results of the HRA to the
same level of importance as the quantitative results or evaluate if HRA at all should be included
in the PSA, could more be said about HRA and more be done in the analysis if it is done as a
stand-alone-analysis with qualitative results? One quite big issue then is how you evaluate your
result, as one interviewee mentioned it as that it is feels like people get a feeling that something
is safer if it has a “value of how safe it is” (Interview 2) compared to more qualitative results.
In another view the challenge could be, if a numerical value is to be the main result of the HRA,
to strengthen the connection between the qualitative and quantitative parts. To be as sure as
possible that the method for reaching the numerical value as good as possible represents the
findings in the qualitative part of the analysis. One interviewee mentioned this connection as
something that is missing today in how HRA is performed.
From the interviews it also follows that the other reason for quantifying the HRA results (except
as an input to the PSA) is to be able to rank it to other things, to as I understand it relate the
results is some way. In some way be able to say not only how often an incident is likely to occur
but also how severe its consequences are.
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Another “confusion” that arouse during the interviews were the demands and requirements on
HRA from the authorities. One interviewee expressed an uncertainty if the authority at all saw
and read the qualitative part of the HRA after that the HRA already had gotten a numerical value
from the quantitative part. One interviewee mentions that when there is so much focus on the
quantitative parts of the HRA there is much qualitative information that gets lost, and that the
HRA methods would benefit to evolve to include the qualitative information and to estimate it in
another way. From this it seems that there is a need to develop a better connection and
integration between the qualitative and the quantitative parts of the HRA.
Some of the interviewees also mentioned that they do not have any specific methods for
example for performing interviews or how to go through instructions, and in performed analysis
there is often hard to distinguish how this work has been done. This could for example influence
the reliability in the HRA. Not only is it hard to derivate how the results from the
interviews/instructions were reached but it will also be hard to be able to do some sort of
comparison of results between different units if the method reaching up to the results can't be
compared.
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8

Method discussion

The methods used in this thesis were partly a literature survey and partly interviews, both their
roles in trying to reach conclusions about the aim for this thesis will be discussed.

8.1 International standards
The work of finding relevant international standards to get the first impression and introductory
knowledge about the area of HRA and PSA were both quite easy but at the same time very timedemanding. The PSA field is huge and there is a lot of information for the interested to search
through, information about HRA is a bit harder to find. Sometimes it can be found under other
search-words and sometimes immersed in the PSA documentation. The three international
standards that were chosen as a sort of basis for this thesis all have a well defined chapter for
HRA, where the area and its connection to PSA is explained and the different technical elements
included in the HRA is presented and in more or less detail of how to perform the technical
elements. The three international standards ASME (2001); IAEA (2006) and U.S. NRC (2005) all
spring from well-established organisations both within the field of nuclear energy and more
widely in the field of mechanical engineering. The material from the three international
organisations gave a good foundation for further building up knowledge and an understanding
of how HRA analyses are performed at Swedish NPPs.
The method of first extracting which technical elements that a HRA should include were easy to
get a grip of, the three standards has a similar structure and in general includes almost the same
technical parts. What was harder to understand was what the different standards sought to be
important factors to be included in the technical elements and how these should be performed.
Most of the information given by the international standards is in a generic manner, saying that
certain factors should be evaluated but not explicit how it should be done. From reading only the
international standards, this lead to some problems as a novice of understanding what it actually
means to perform a HRA, how are you suppose to perform the different technical elements in the
HRA to get a reliable value to put into your PSA? The method descriptions and performed
analysis from the Swedish NPPs were of help to get more hands on information of how an actual
HRA is to be performed.
The work of identifying requirements on HRA in general and more specifically on the technical
elements were in some cases hard to decode, some of the requirements are written in a way that
you (as a novice in the field) sometimes have to read between the lines to understand that the
text actually includes an underlying requirement. There might be a possibility that an expert
with more knowledge in both PSA and HRA would have found more requirements that are put
on HRA. Especially when it comes to finding HRA requirements in PSA documentation (U.S. NRC
(2002); U.S. NRC (1.175), (1998); U.S. NRC (1.176), (1998); U.S. NRC (1.177), 1998); U.S. NRC
(2003) and NRC (2007)), that are written to describe PSA for different applications. Such
standards do not exist in the same extent for HRA (HRA for different applications), but in
documentation of PSA for different applications aspects regarding human reliability are
sometimes mentioned but can be found under different wording and not always clear enough
for a novice to find. Without help from an expert in the field decrypting some of these documents
and getting tips on how to find and view some underlying aspects the external reliability of this
process probably would not have been as high.
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As always when beginning a new search for information in a whole new area there is some
problems of knowing "with which glasses" to look at the material as well as knowing how to
rank the gained information. The layout of some of the international standards made this
process a bit easier, with quite clear division of the different parts that a HRA should include; it
wasn't until different requirements on the HRA were to be found that extra guidance were
useful.

8.2 Method description from Swedish NPPs
The work of getting access to method descriptions and performed HRA analysis from Swedish
NPPs was harder. As mentioned before, some units present their method description included in
the analysis-report, which makes it both harder to find but also hard to distinguish what is
actually the method and what is interpretations of the method. Another point making the
processes time-demanding and difficult to figure out how the method is suppose to work is that
there exists many reports and that they often have cross-references between them or for
example updates of a method description that cannot be used as a standalone but have to be
used as a complement to the first method description. All this taken together, made the process
of just finding the right documents to start the search of how different units actually perform
their HRA analyses quite time demanding. But well found the work of identifying if and how the
different technical elements were performed were easier.
The work process of starting with the international standards and from them identifying
technical elements that the HRA should include and then trying to find some requirements on
these technical elements to be able to have a starting point for reading through the material
from Swedish NPPs are perceived as a good way of working. This work process was at start very
time demanding and delayed the analysis of actually going through the material from the
Swedish NPPs. At the same time, without the knowledge assimilated from the international
standards the information to be found in the material from the Swedish NPPs would not have
made as much sense as they did now. Since the method description and performed analyses
don’t really go through the meaning of performing the analysis and its role in the PSA and since
many of the method descriptions differ between them, it was well invested time to have some
sort of platform to start from of what could actually be included in an HRA and some sort of
comprehension of how the analysis should or could be done. Not reading through the
international standards in the beginning would have lead to much confusion when reading the
material from the NPPs about what and how an HRA should include and look like.
Analyses of the material from Swedish NPPs builds on previous findings from the international
standards. The technical requirements in the first step were searched for in the method
descriptions and performed analyses, and how these were handled were taken into account and
when possible compared to the requirements in the international standards. There could also be
said that this process and its findings depends on the knowledge and experience in the field, not
only when it comes to HRA but also, since HRA is so tightly connected to PSA, knowledge about
PSA could influence which findings are regarded as important and not.
The aim of this process of work was that the international standards would present a platform
and ground knowledge of HRA and PSA. From this base platform more specific information
about how to perform a HRA was to be sought through the study of material from the Swedish
NPPs and interviews with experts and performers within the area. The method used to achieve
this did work and reached the goal, but might have worked better with some modifications. For
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example could a few interviews have been included earlier in the process to get a first insight in
the area and save some time and work of searching through the international standards to get a
conceptual understanding of the process of performing a HRA and foremost the tight connection
between HRA and PSA, that is hard to actually understand only through the literature survey. As
the potential interviewees with HRA knowledge were few it was early decided to save them and
included them in later interviews. Another thought is that a few interviews could have been
performed with interviewees with knowledge about PSA and the nuclear power area (with some
basic connections to HRA). This could have improved the process of trying to understand the
necessary parts of the huge area of NPPs, and which parts that is extra important in connection
to performing a HRA. This is information that is not really included in either the international
standards or the material from the Swedish NPPs, but knowledge that have been collected from
other sources during the work of the thesis. Some introductory interviews or meetings with
knowledgeable individuals could have made this process easier and less confusing.
Another way of study this and get information about how an HRA are to be performed could for
example have been to participate in an HRA analysis or observing experts performing a HRA,
and in that way gain knowledge in the area. This would indeed have lead to more hands-on
information about how an analysis actually is done and probably a deeper understanding for
which parts in the analysis that are of more importance or different difficult parts that need
extra resources. Unfortunately no HRA analyses were to be performed in close time proximity of
this thesis.

8.3 Interviews
Both the international standards and the material from the NNPs left some questions
unanswered and interviewing experts in the field gave another sense of how it is to actually use
and perform HRA analyses that reading through the international standards and performed HRA
analyses did not. Through the interviews a deeper understanding for the difficulties and process
in for example how to quantify the results were achieved. Not in the sense of “this is how we
always do it”, but more in the sense of which aspects that have to be accounted for and the
dissimilarity that seems to exist between practitioners with different backgrounds. Partly
because of this difference in backgrounds (both academic background but also when it comes to
work experience in the field) and partly to get more interesting discussion about the use of HRA
a workshop or focus group would have been very interesting to perform. This would have
enabled deeper interactions between for example the different thoughts about “right and
wrong” when quantifying the results or for example interesting discussions about the fact that
one of the widely used methods today (THERP, though often not used in its whole but parts of
it), were developed during a time when human error was seen on in the same sense as
mechanical malfunctions.
When formulating the interview questions findings in the two previous steps were taken into
account, as the aim for the interviews were to get a deeper insight and supplement fields within
the HRA that the international standards and method descriptions do not include or where the
information are regarded as deficient. As these three sub processes builds on each other there is
a possibility that something that were missed in the first step influence how the next step were
performed and therefore also the findings in the following step. One aspect of this is that some
requirements in the international standards that were not either included in any of the material
from the NPPs was therefore not either included to be further discussed in the interviews.
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Another possible aspect of this is that perhaps more basic questions were asked during the
interviews that an expert could have found information about during the literature survey, with
the eyes of reading between the lines as mentioned earlier. As for performing the interviews, the
process used builds on both the references mentioned in the thesis but also on earlier
experience of performing interviews. This is an area where there probably always is room for
development and improvement, to be able to interview a wide range of personalities and
individuals in a suitable way. To be able to focus on the interview and what was being said, the
choice was made to record the interviews. By doing this, more focus could be put on what were
actually being said (instead of for example taking notes) and picking up on and following up
sidetracks. There might also be that more knowledge and experience within the field of HRA
could have lead to different kinds of interviews. That an expert in HRA would have asked
different questions or picked up on other sorts of sidetracks during the interview, as well as a
more experienced interviewer might be better at picking up body language or how to formulate
questions.
Probably connected to the fact that there was dispersion between the interviewees when it came
to field knowledge and experience, not all of the interviewees did feel comfortable to answer all
of the prepared questions. This lead to that some questions only got answered by some of the
interviewers, the interviewer tried to reformulate the question but this seldom lead to a direct
answer on the original question. This might show on the fact that HRA is a complex analysis that
it takes longer time to master and feel comfortable to use and discuss than to participate in one
or a few analysis.
One author that influenced the method for performing the interviews was Kvale (1997), who
mentions that interviewees can be seen as an opportunity to hear the interviewees own
experience and perception about a domain, and puts together a checklist for when to perform
interviews (see, 5.1.2), these overall checkpoints worked well to use in this study. What was a
bit harder to follow were the checkpoints for putting together the interview questions and the
structure of the interview; this might be something that gets easier with more knowledge and
foremost more experience of performing interviews. How to know how to ask a question is not
always easy, a main thought of each question was written down beforehand but when asked
there was an attempt to adjust the question to the interviewee, the situation and the answers
from earlier questions.
Some of the checkpoints might also work better in theory and/or in some sort of interviewing
areas, and are harder to apply more widely. To mention one is the checkpoint “The ideal
interview should largely be interpreted during the interview”, why this should be a goal in itself
can be questioned. In one way it could be interpreted as that all loose ends should be followed
up during the course of the interview and that the interviewer should feel that there is “no more
questions to ask” when the interview is finished. On the other hand new questions or thoughts
can often occur after a couple interviews and when analyzing and comparing interviews that
have been performed.
Kvale (ibid.) also puts up a checklist over criteria’s that the interviewer should live up to (see
5.1.2), some of these are hard to argue through introspection if the interviewer lived up to or
not. Some of the check points regarding if the interviewer were clear, kind, sensitive and open
lies in the eyes of the beholder and perhaps also in personal chemistry. All the check points are
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good to take into account in theory but in reality there might arise situations when some sort of
priority is needed, depending on occurring situations.
Instead of interviews the information could have been collected in for example a survey, to get in
touch with more practitioners and in that way work around the time and distance restraints that
the interviews led to. A survey would indeed include more practitioners and experts opinions
about HRA and the use of methods when doing an analysis. As with most surveys a drawback is
that it is hard to formulate written questions so that you know that the majority of the recipients
understand it in the way you want them to. Performing interviews gave the opportunity to
further elaborate the questions when noticing that the interviewee did not understand the
question as thought. As the area of HRA could be said to lie in between the science of behaviour
and engineering interviews were seen as a better option. There were several times when
interviewer noticed that the prepared questions were not always fully understood by some of
the interviewees. To have the opportunity to further explain the question in another wording
probably led to fewer confusions when analysing the results. One reason that the interviewer
and some of the interviewees from time to time had some difficulties understanding each other
can be due to the fact that they had different scientific backgrounds. It was noticed that some of
the questions were easier understood by interviewees with a more similar background to the
interviewer than by interviewers with more of a different academic background.

8.4 Validitiy and Reliability
After analysing the material and reaching conclusions from the study, these conclusions have to
be regarded in for example the light of its quality and credibility. Miles & Huberman (1994), p.
277-280 takes up a few points regarding standards for the quality of the conclusions to be
drawn from a qualitative study. Concepts relevant for this study are discussed below.
The work of going through the international standards and first finding technical elements
included in the HRA could be said to have been done in a neutral way and without strong
influences of biases. These results, which technical elements that a HRA should include, can be
said to depend more on:
“[…] the subjects and conditions of the inquiry rather than on the inquirer” (Miles &
Huberman (1994) p. 278)
This was more or less a process of accepting that this standard states that these technical
elements should be included and that the next international standard states that these technical
elements are important to include in your analysis.
The credibility of the study is regarded as good. The steps of the method used in the search of
answering the research questions, and the description of the method for the three steps included
in this thesis are regarded as well described with references so that it could be redone in a
similar way. Also the selection of the interviewees are described and during the interviews the
interviewee tried to repeat important episodes in another wording so that the interviewees had
a chance to correct or comment if the interviewee hadn't interpreted the information as
intended and then given a chance for further explanation. So that misunderstandings and
misquotations were tried to be kept at a minimum.
Of course there are always the questions of what the researcher brings to the site, how the
knowledge and experience of the researcher influence what is actually found. As has been
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mentioned, maybe more knowledge and experience within the field would have lead to some
different findings regarding requirements on HRA in different applications. At the same time,
during the time span of this thesis a reasonable knowledge acquisition can be said to have been
done to be able to evaluate the reasonableness of for example the answers from the
interviewees.
The validity for the literature study can be regarded both in aspect of the international
standards as well as for the material from the NPPs. Since the three international standards
chosen are published by three well known organisations that practitioners in the field
themselves refer to and rely on, the literature are regarded as relevant and reliable. In the
search for international standards several more reports were read through, that was published
by not as well known organisations and that sometimes resembled of the material in the chosen
standards and sometimes with references to them. The material from the Swedish NPPs
consisted of both method descriptions and performed analyses. The actual performed analyses
can be said to better show how a HRA analysis actually has been performed on a unit, and
therefore be more reliable. This since a method description can be differently interpreted
depending on the performer and that a method description often is more general and that an
actual performed analysis is specific on for example which probabilistic numbers that has been
used.
In regard to the external validity or transferability of the study it can be said that the interviews
were performed with different individuals with different knowledge and experiences from
working at for example different NPPs. This gives a higher external validity to the study, as it can
be said that the results from the interviews are not tied to a certain company, NPP or to
individuals with a specific academic background. The results of this thesis could be said to be of
importance when for example developing new or improving existing HRA methods, to know
what requirements international standards put on a method. As well as being able to use
previous knowledge of how HRA has been done at Swedish NPPs, both to learn from not as good
methodological choices but also to make sure good practices are kept and further interwoven in
newer methods.
Internal validity or conformability of the study, such as the researcher's ability to be neutral and
not color the data with own pre-understandings. In a step of trying to avoid this the interviewees
for example were given the opportunity to comment/give further explanations of their own
statements that were seen as especially important by the interviewer, this to minimize
misunderstandings or that the researcher interpreted the statement in her own words and not
as the interviewee intended.
As for the reliability/dependability of the study it can be mentioned that the quality of the mp3
player and microphone worked well in all but one interviews. There were no problems of
hearing what was being said for the transcriptions of the material. In the thesis is also included a
shorter description of the background of the author of the thesis, in relation to for example the
interviewees, and some issues regarding this. The author of the thesis had from the beginning
more knowledge in the area of human factors than in the fields of HRA, PSA and NPPs.
Experiences and knowledge in the beginning of the thesis much included a gathering of
information of the three mentioned fields. These first insights in the field could have influenced
the chosen way of work for the next step in the thesis. To determine the reliability of the results
as well as the process of the work of for example establishing the requirements on HRA an
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expert in the field were of assistance. In this way it is a higher probability that no important
steps/facts were missed and therefore could be said to lead to a higher reliability.
In a step of keeping a high reliability of the study, extractions from the international standards
and material from the NPPs are included to show how the information are presented before the
researcher show her interpretations and summaries. For the same reason are quotes from the
transcribed interviews included, to give the reader an opportunity to read and evaluate some of
the important "raw data" in relation to the researcher's conclusions.
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9

Conclusion

The research questions presented in the beginning of the thesis are here answered according to
the findings in the study.

9.1 What requirements do international standards have on HRA?
The main and general requirements that are mentioned in all (of the more or less generic)
international standars are of the nature that the HRA should be performed taking into account
necessary plant-, activity- and scenario-specific factors. As well as not screening out potential
relevant activities and accounting for required dependencies and recovery factors for the
specific application of the HRA.

9.2 Do requirements on different PSA applications put any specific requirement
on the HRA that is included in the PSA?
For a novice in the field there are not many explicit and specific requirements on both HRA and
PSA for the same application. As has been mentioned some HRA requirements can, between the
lines, be found in PSA documentation, but they are very few. Mainly this could lead back to the
fact today there are not, in the same extent as for PSA, HRA documents and guidance for specific
different applications.

9.3 What requirements do Swedish NPPs have on HRA?
In short most of the Swedish NPPs says that they follow some sort of international standard, and
even if they do not refer or quote explicitly there is a sense that the inspiration is taken from for
example U.S. NRC (2005) or that some probabilistic values resembles of ones mentioned in for
example THERP for similar actions.

9.4 Does the way HRA has been performed on Swedish NPPs comprehend to the
requirements the international standards include?
Yes, overall the analyses from the Swedish NPPs follow the requirements in the international
standards. Which might not be surprising since the international standards have few specific
requirements either when it comes to the use of a certain methods or explicit values to use, and
there does not exist any equalent national standard that could be followed.

9.5 Is there a difference regarding this between units and/or NPPs?
The main difference between different units could more be said to lie in the level of detail and
clarity of their method descriptions than that they use completely different methods. Some of
the method descriptions are easier to follow and with a higher traceability.
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10 Reflection and further research
One aim of this study, that due to lack of time weren't further investigated, but that could be
studied further in following research could be on more specific requirements on PSA and if this
broadly complies with the HRA requirements that have been found in this thesis.
Another interesting aspect, and that in some sense is the core of HRA, that would be interesting
to read further studies about would be if/how you on a reliably way can quantify the qualitative
results. Or in some other way be able to clarify the qualitative results in relation to the
quantitative input to the PSA. A few of the persons interviewed expressed a kind of resignation
over the fact that much of the qualitative results weren't valued and was credited in the same
way as the quantitative results to the PSA. From the interviews, what would be extra interesting
to see more research on is if/how PSFs can be valued quantitatively in a reliable way. As of
today, the methods used vary largely between the units.
Further research could also be done to investigate the need for HRA to be a part of PSA, or would
for example both analyses benefit from beeing separated? From both sides there are issues of
trying to map the output of the HRA so that it matched the input of the PSA. Would it for example
be possible to perform the HRA were the resulting part doesn't have to be a numerical value to
go into the PSA? Or, if the HRA has to be a part of the PSA, is there some way to evaluate and
present the qualitative results ? Or, as HRA is widely used in NPP's is there a way to initiate a
study that collects data on human erronuous actions, but not for the sake of reporting the
individual, but to start the work of trying to build a database. A database that possible could be a
more updated/additional version of THERP for Swedish NPPs.
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Appendix A – Interview questions
1. Vad är din erfarenhet av att jobba med HRA och PSA?
a. Vad var din roll I att utföra HRA/PSA? ”titel”?
b. Har du utfört HRA/PSA analyser på en eller flera olika anläggningar?
c. Har du utfört HRA/PSA analyser på ett eller flera kärnkraftverk
2. Vad är, enligt din mening och erfarenhet, källan till sannolikhetsvärden som använs I HRA?
Hur väljer du värden för HEP?
a. Driftdata, generela värden (från t.ex. THERP, specifika för verket i fråga, expert
bedömningar, andra?
3. När det gäller använda metoder för att genomföra en HRA analys, kan du se någon skillnad
mellan olika anläggningar och/eller mellan olika kärnkraftverk?
a. Vilka metoder har du arbetat med?
i. Kan du se att några metoder varit enklare/lättare att använda än andra? I så
fall hur och varför?
4. I början av utvecklingen av PSA/HRA fans det en uppfattning om att mänskliga handlingar
kunde beskrivas på samma sätt som mekaniska delar i en maskin. En del av de äldre
metoderna, så som THERP, började utvecklas under 50-talet, hur ser du på att
sannolikhetsvärden från dessa metoder fortfarande används idag?
a. (för mig själv, det jag vill nå fram till är huruvida de ser en risk i att använda värden
som växt fram under en tidsepok då mänskliga handlingar mer eller mindre
likställdes med mekaniska delar, och föga verkar ha validerats på senare tid).
b. (för mig själv, det går ev. kankse även att spinna vidare på hur de ser på att värden
rent generellt kan flyttas mellan anläggningar, hur man kan säkerställa
tillförlitligheten i att flytta värden mellan anläggningar/grupper av
männsikor/aktiviteter)
5. Kirwan (1994) nämner i relation till uppskattade HEPs att om de uträknade frekvenserna är
utanför de gränser som tidigare definerats så måste de uträknade frekvenserna (HEPs) på
något sätt reduceras. Hur genomförs detta i praktiken?
6. I några av analyserna som jag har läst kan du hitta formuleringen “generela värden har
använts/general valus have been used” utan någon ytterligare källa eller referens. Är det
vanligt inom liknande analyser att formulera sig så, att de flesta vet vilka generela värden
det är som används, och var de härstammar från?
7. I några analyser som jag har läst står det att för en del manuella operationer (mänskliga
handlingar) har detaljerade analyser utförts och för andra har endast screening-analyser
utförts. Är detta något som du skulle kunna berätta mer om, varför denna uppdelning finns
och hur valet går till att utföra det ena eller andra?

i

8. I några analyser jag har läst kan du hitta att en av de viktigaste källorna av information för
att systematiskt identifiera viktiga mänsliga handlingar är intervjuer med personal på
anläggningen. Men det är sällan som det finns ytterligare/mer information om hur dessa
intervjuer borde utföras eller senare analyseras. Är detta något som du har varit inblandad
i/själv genomför sådana intervjuer så att du skulle kunna berätta mer om dem? Hur väljer
du t.ex. vilka mänskliga handlingar som ska vara inkluderade i HRAn? Använder du något
form av guide under intervjuerna eller vid analyserna av intervjuerna?
a. Om du inte har varit med att själv ha utfört intervjuer av detta slag, har du varit med
om att mänskliga handlingar har valts ut enligt någon annan metod? Hur
dokumenteras intervjuerna.
9. Några anlayser tar upp PSFs och några inte, vad är din åsikt om att använda PSFs?
a. Använder du t.ex. en fast/fix lista med PSFs eller en mer flexibel? Var kommer den
ifrån?
b. Hur går processen till att välja ut vilka PSFs som ska inkluderas? Från t.ex. en given
metod eller ... ?
10. Finns det något mål med att kunna jämföra HRA and/or PSA results från olika anläggningar
inom ett verk och/eller mellan verk? Varför skulle detta vara intressant? Och vad skulle
krävas för att kunna göra detta?
11. Hur ser du på HRA, måste den vara en del av PSA, eller skulle kanske både HRA och PSA
analyserna var för sig dra nytta av att HRA utvecklades som en egen metod, utan så starka
kopplingar till PSA?
a. (för mig själv, det jag tänker på är t.ex. kvantifiering som är en väldigt viktig del inom
PSA, men som kanske hämmar HRAn, eller att de händelser som väljs ut till vidare
analys styrs (och ofta verkar utförs av PSA-teamet) av PSAn och att HRA analysen
inte riktigt börjar förren de redan har fått ett antal händelser på sitt bord att
analysera. Kärnan är kankse att HRA styrs av kraven på PSAn, finns det då kanske
andra krav som är viktiga för HRAn som åsidosätts?)
12. När det gäller kvantifiering av resultaten av HRA, för vem är det viktigt att resultaten
kvantifieras och varför? Är det själva kvantifieringen som är det viktigaste med att utföra
HRA eller finns det något annat värde i att genomföra den, vilka?
13. Är det mest internationella ”best practices” (så som IAEA 1511, Nureg 1792 eller ASMEs
standard) som du använder dig av eller finns det någon svensk motsvarighet?
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Appendix B – Information letter
Hej,
Jag heter Hella Aho Mathiesen och läser det Kognitionsvetenskapliga masterprogrammet på
Linköpings universitet och skriver nu mitt exjobb på RelconScandpower AB.
Kognitionsvetenskap är en tvärvetenskaplig utbildning där de största områdena inkluderar
datavetenskap, psykologi och lingvistik. I mitt exjobb undersöker jag HRA, och närmare bestämt
vilka krav som ställs på din HRA både från internationella standarder och från de svenska
kärnkraftverken. Detta dels genom litteraturstudie men även med hjälp av intervjuer.
Intervjun som jag är tacksam att du ställer upp i tar lite drygt en timme och kommer inkludera
frågor om bland annat din erfarenhet av hur HRA processen ser ut; från vilka källor som
sannolikhetsvärden kommer; hur du ser på användandet av PSFs men även mer generella
tankar om HRA.
Om det är okej med dig kommer jag att spela in intervjun med en mp3-spelare, detta endast för
att underlätta för mig så att jag inte missar att anteckna något av dina svar. I rapporten kommer
din intervju givetvis vara anonym och alla svar vara transkriberade och avkodade.
Om du efter intervjun har några frågor eller tillägg tveka inte att höra av dig, tack för hjälpen!
Hella Aho Mathiesen,
ham@scandpower.com
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