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ABSTRACT 
 

Safety management has changed with the evolution of management methods, named Quality Systems, 
moving from Quality Control, where the focus was the product, passing through Quality Assurance, which 
takes care of the whole manufacturing process and reaching the Total Quality Management, where policies 
and goals are established. Nowadays, there is a trend towards Management Systems, which integrate all 
different aspects related to the management of an organization (safety, environment, security, quality, costs 
and, etc), but it is necessary to have features to establish and assure that safety overrides the remaining 
aspects. The most usual way to reach this goal is to establish a policy where safety is a priority, but its 
implementation and the assessment of its effectiveness are no so simple. Nuclear power plants usually have 
over a hundred safety indicators in many processes dedicated to prevent and detect problems, although a lot 
of them do not evaluate these indicators in an integrated manner or point out degradation trends of 
organizational aspects, which can affect the plant safety. This work develops an aggregation of proactive 
and reactive safety indicators in order to evaluate the effectiveness of nuclear power plant safety 
management and to detect, at early stages, signs of process degradation or activities used to establish, 
maintain and assure safety conditions. The aggregation integrates indicators of the usual processes and is 
based on the manner the management activities have been developed in the last decades, that is: Planning, 
Doing, Checking and Acting - known as PDCA cycle – plus a fifth element related to the capability of 
those who perform safety activities. The proposed aggregation is in accordance to Brazilian standards and 
international recommendations and constitutes a friendly link between the top management level and the 
daily aspects of the organization. 

 
 
 

1. INTRODUCTION 

Today, the management of safety trends to be in the context of an integrated management 
system, which in addition to nuclear safety, dealing with aspects of occupational health, 
environment, physical protection, quality and cost [1,2,3] , which sometimes can cause 
conflicts between production and safety. Therefore, it is necessary to take due care so that 
the other aspects, taken into account in an Integrated Management System, do not bypass 
the focus on safety. The most usual way of doing this is to establish, within the 
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organization policies, the guideline that safety shall override all other aspects. The 
question that remains is: how to assess the implementation of such a guideline? 
  
One possible mechanism is to assess the effectiveness of integrated management with 
specific focus on safety, that is, if a facility is governed by various aspects, in addition to 
safety, one should check, as a priority, the effectiveness of the facility measures 
associated to safety. 
 
The assessment of safety management should be dynamic and take into account the use 
of quantitative and qualitative tools. Indicators are commonly used since they facilitate 
the vision of the desirable and the achievable, i. e., where we are and how far we are from 
where we should be. Moreover, indicators can show how much we are moving to or away 
from our goals. 
 
The number of indicators used by nuclear plants varies considerably [4]. Some have 
around 100 indicators, while others have up to 300 and there are those which have more 
than 1,000 indicators, even though not all of them are related to safety. 
 
This paper shows an aggregation of proactive and reactive safety indicators in order to 
evaluate the effectiveness of nuclear power plant safety management and to detect, in 
early stages, signs of degradation of processes or activities used to establish, maintain and 
assure the safety conditions. The aggregation integrates indicators of usual processes and 
is based on the manner management activities have been developed in the last decades, 
that is: Planning, Doing, Checking and Acting - known as PDCA cycle, being applicable 
to integrated or dedicated safety management systems. 
 
 

2. FACTORS THAT IMPACT THE SAFETY OF A FACILITY 
 

Many authors [5] recognize 
the growing role of 
organizational factors in 
safety as the third age of 
safety, while the technology 
for control of hazards has 
been identified as the first 
age and human factors as the 
second one, as illustrated in 
Figure 1. 

 
Accidents happen when there is a breach of the multiple barriers often used by facilities 
that deal with dangerous technology. These barriers, which characterize the concept of 
defense in depth, can be physical or administrative, usually being most often a 
combination of these [6]. 
 

 

 

1970 1980 2000 1990 2010

 Human Factor

    Organizational

  Safety Culture 

     Technical

1st age 2nd age 3rd age

Seveso → 

        Challenger/Chernobyl →     

         Columbia  → 
     Davis-Besse  → 

   TMI → 

    Bhopal → 

Figure 1 - Chronological Development of the concept of safety, [5] 
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Reason [6] suggests that there are two types of failures in complex systems: active 
failures and latent failures. Active failures are those which have an adverse effect 
immediately. These are usually linked to the activities of the "front line", i. e., failures are 
committed by the people who are executing the task, through mistakes or violations. 
 
Latent failures are actions whose harmful consequences may be hibernating for a long 
time, becoming apparent only when combined with local factors and active or technical 
failures, to create a propitious alignment of failures that lead to an accident or incident. 
Reason [6] argues that most active failures are the consequences and not causes. Latent 
failures may increase the likelihood of adverse environmental conditions of work, 
resulting in errors or violations. While active failures tend to be unique to a given event, 
Perrow (apud REASON [6]) says that human and organizational errors are able to affect 
more than one layer of protection simultaneously (common cause of failure) and when 
aligned with different factors cause different consequences. 
Organizational and safety culture 
indicators can provide 
anticipatory signals (called 
proactive indicators) that critical 
processes are not working as they 
should [5]. As illustrated in 
Figure 2, the analysis of recent 
events in the nuclear and non-
nuclear areas shows how the 
identification of these anticipatory 
signals is crucial in preventing 
accidents. 
 
Let us imagine the following event: a valve fails in closed position preventing the proper 
functioning of a safety system. Automatically the second train (redundancy) is put into 
operation to meet demand. A request to repair the valve is opened. The work supervisor 
authorizes the designated mechanic to start the isolation of the affected system without 
his presence. Due to a work previously performed, the system components are not 
identified. The work instruction is not clear in identifying the affected train. The 
mechanic is in doubt which is the actually affected redundancy, but continues the task. 
The mechanic isolates the wrong train, causing a total loss of the safety function. 
 
Each situation described above would not be able to independently cause a loss of the 
safety function. Probably, if only one of them did not happen, the event would not 
happen, but when they aligned in an undesirable way they enabled the mechanic to 
committ the error. 
We can realize that violations were associated with planning (deficient work instruction), 
execution (lack of components identification), control (lack of supervision) and staff 
attitude (lack of safety culture). 
  
Most current indicator aggregations [7, 8, 9] are not capable of capturing such 
deficiencies to allow that actions are taken before the undesirable events happen. 
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Figure 2 – Safety indicators x safety deterioration 
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3. THE AGGREGATION DEVELOPMENT. 
 

3.1 The Use of PDCA Cycle in Safety Related Activities 
 
While each organization of the nuclear industry may have different degrees of 
formalization, all base their management system in the PDCA cycle.  
Usually, whether in nuclear or other facilities that deals with dangerous technology, 
activities are developed as displayed in Figure 3. 
 
 
 

 
 
 
The flow of an activity starts with the first two elements (Plan and Do) of the PDCA 
cycle. Based on the concept of assessment (the C of PDCA) activities are monitored 
through processes known as mechanisms for prevention and detection of problems. Some 
of these processes assess the activity during the execution and have a preventive 
character, as perceived and corrected deficiencies in the implementation of the activity, 
preventing, therefore, that failure to propagate or to remain for a long time, and so 
increasing the chance of an event. These are called control processes and, as examples, 
one has the double check, the review, the supervision/authorization, the post-maintenance 
test, the quality control, etc. Other processes evaluate the activities after the execution 
and have a reactive character, because failures are only seen after the task completion. 
These others are called verification processes, and the most common are internal and 
external audits, self-assessments, surveillance tests and others. If, nevertheless, these 
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Figura 3 – Activities development in a Nuclear Power Plant 
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processes are not able to prevent an unwanted event to occur, a process of operational 
events analysis should be established to determine the event causes and make actions to 
ensure this will not be repeated. These activities are displayed in Figure 3. 
 
Although the analysis of events is an important tool to correct deficiencies, this should 
not be the only mechanism for this purpose due to its reactive characteristics, as 
corrective measures are only established after an event has occurred. Therefore, the 
correction of problems or even the improvement of processes (the last PDCA cycle 
element) should take into account other mechanisms that can detect defects that may not 
alone cause an event, but may combine with others, causing an undesirable event.  
 
 
3.2 Global Indicators  
 
The planning, implementation, control, evaluation and correction are essential in 
effective management of safety, but not sufficient, since these factors strongly depend on 
the people who interact with them at different levels of the organization. 
 
To perform their activities people should have knowledge, skill and attitude awareness. 
These attributes influence all areas and are known as cross-cuting elements, Figure 3. 
  
It is therefore more appropriate for the management of safety to have its effectiveness 
measured against the performance of the stages of the PDCA cycle, to allow those 
responsible for the safety of an installation to check if there is decline in the performance 
of each of these stages and the effectiveness of corrective actions implemented. 
 
Thus, as illustrated in Figure 4, the first level of the group will be composed of global 
indicators, which should reflect the status of each step of the PDCA cycle, plus a fifth 
element called Capability, which encompasses the cross-cutting elements that affect the 
performance of individuals and consequently of the entire organization.  
 
 
 

 

SAFETY MANAGEMENT 

PLAN DO CHECK ACT CAPABILITY 

Figure 4 – Global indicators of safety management 
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3.3 Strategic Indicators  
 
PLAN - The planning of activities is the first link between the safety policy and the 
effective control of risk. This phase has the aim of predicting resources (material, 
personal and financial), hazards, methods, controls and precautions necessary to achieve 
the targets. 
 
The first step of planning is to list all the safety requirements associated with the task. 
The regulatory requirements, standards and codes adopted are regarded as minimal and 
are the bases of a technical management of safety, but several other coming from 
designers, manufacturers and the operational experience should be taken into account. So, 
the definition of safety requirements has been choosen as a strategic indicator. 
 
It is known that safety requirements do not cover all situations and interfaces. Therefore, 
another component of the planning stage is the task hazard analysis and the determination 
of preventive measures or adequate protection, in order to keep the risk within acceptable 
limits. 
 
Last but not least, is that the planning would not be effective if it identified the 
requirements and assessed the impact of activity on security, but did not pass them on to 
the proper executors. In an organization structured communication between planning and 
execution occurs through procedures, instructions or other form of written guidance on 
how to perform the activity, what are the limitations and precautions, which is the 
acceptance criteria and the records required. Therefore, to reflect the planning attributes, 
the strategic indicators "Definition of requirements", "Hazards Analisys", and 
"Procedures" have been selected. 
 
DO - It is known that if the planning was properly done, the requirements and safety 
precautions are incorporated into procedures for implementation. However, this phase is 
more prone to errors or violations, whether caused by lapses or adverse working 
conditions, which reinforces the importance of safety culture. As described above, the 
execution is guided by planning "what to do" and "how to do", thus not running what was 
planned or not performing as planned are ways to violate the requirements of 
implementation. Thus, in terms of strategic indicators, it is understood that adherence to 
the work program and to procedures are the most representative indicators of the state of 
the global indicator "DO", since the issues of safety culture will be treated in the 
“Capability” indicator. 
 
The indicator strategic "work program" refers to the adherence to activities being planned 
for either the improvement or maintenance of safety of the installation or for the 
correction of problems. 
  
The second indicator strategy, called "Conformity" should reflect the degree of 
compliance to activity procedures. 
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CHECK - Planning provides measures not only for performers but also for those who 
have the responsibility to monitor the correct implementation of an activity or process. As 
already mentioned, the activities are checked through processes known as mechanisms 
for prevention and detection of problems. The first one, implemented during the 
performance of an activity and having a preventive aim, will be referred as “Control” 
measures.  
 
The second mechanism, which evaluates the activities after they are finished, will be 
referred as “Verification” measures that usually are performed by independent areas, 
inside or outside the organization. 
 
These processes complement each other and are key tools for the organization in order to 
have feedback about the effectiveness of the planning and execution activities. 
 
Thus, it is understood that the global indicator "CHECK", illustrated in Figure 4, must 
have a strategic indicator that reflects adherence to measures designed to control and 
another to indicate adherence to the verification programs established by the 
organization. 
 
ACT - The correction of deficiencies or improvement of processes depends on the 
determination and correct understanding of the causes of the findings. While it may be 
argued that the determination of causes is a process associated with the global indicator 
"CHECK", it is understood that, by its multidisciplinary nature and its direct dependence 
on higher hierarchical levels, it should be associated with this last stage of the PDCA 
cycle. Therefore, it should monitor if the causes are being evaluated in time and if their 
assessment is effective. 
 
Another factor affecting the “ACT” indicator is the effective implementation of 
corrective actions. Sometimes the organization knows how to fix, but it has difficulties in 
deploying the solution and this can be caused by lack of resources, priority and 
commitment, among other aspects. Managerial issues as complacence, focus on 
production, excessive self confidence, isolationism, work overload and others that affect 
the safety performance of an organization cannot be directly measured, but a long stand 
in determining or implementing corrective actions are proactive indicators that may be 
associated with one or more of these issues. 
 
Thus, for the overall indicator "ACT", it will set up a strategic indicator showing the 
status of the mechanisms for determining the corrective actions, called "Identification" 
and another that represents the organization's ability to implement such actions. The 
second indicator is called "Implementation." 
 
CAPABILITY - People in an organization need to know what to do, how to do and the 
results to be achieved, and for that purpose the organization needs to establish policies, 
guidelines and targets. To implement them workers must have three elements: 
knowledge, skill and attitude, which should be compatible with the activity type and 
complexity. 
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Knowledge is acquired through study, observation and information, and normally 
organizations seeking people with a certain level of knowledge compatible with their 
needs, i. e., a precondition qualification so that a person is admitted for a particular 
function, such as engineer, mechanic, welder, among others. 
  
The skill is the ability to achieve something or to transform knowledge into action and 
comes from training and experience. Employee knowlodge is not enough, it is necessary 
to know the characteristics associated with the task, such as where the task is executed, 
the properties and limitations of the system or process in which it will work, the 
environmental conditions where it will work, the administrative controls associated with 
the task, etc. These are dependent on many variables not only the type of task, but also on 
each organization where it is executed. 
 
The third element of what it is calling “CAPABILITY” is related to the attitude, because 
the performance of someone running a task depends not only on their qualifications and 
training. Given the complexity of tasks and processes used in industries dealing with 
dangerous technology, the organizational factors and environmental conditions of work 
are crucial in the performance of the staff encharged to plan, implement and control an 
activity. This context is directly linked to the safety culture issue, where the questioning 
attitude, a rigorous and prudent approach and communication are essential attributes to 
address the threats imposed by latent conditions. In this last element we have 
incorporated the organizational aspects related to policies, goals and targets, as they are 
so determinat in the staff attitude and, therefore, in safety performance. 
To represent the three elements described above, respectively it will be elect the strategic 
indicators "Qualification", "Training" and "Safety Culture". 
 
 
3.4 Specific Indicators  
 
Depending on the organization size and type, it is possible that a more intermediate level 
of indicators can be assigned to facilitate the evaluation of the safety management. It is 
understood, however, that the proposed grouping with three levels (global, strategic and 
specific indicators) is sufficient and appropriate. 
 
This work does not intend to identify specific indicators that give an overview of the 
status of each strategic indicator because they are dependent on each installation, but 
recommends that they are searched in all the processes that are usually standardized in 
nuclear power plants. References [10] and [11] give an idea of areas to be covered for the 
safe operation of a plant. In reference [12] several examples of specific indicators are 
cited and the main considerations deemed important for the development of them are 
highlighted. 
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Figure 5 – Safety Indicators Aggregation to Assess the Safety Management Effectiveness of Nuclear Power Plants
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4. CONCLUSIONS 
 
The determination of an indicator aggregation is not a trivial task and becomes more 
complex when attempting to evaluate the performance of organizational aspects, often 
specific to each organization, and when safety and other elements affected by their 
activities are treated in the same management system. 
 
Current methods of aggregation, include how indicators affect the management of safety, 
but do as management was another aspect to be considered, as well as the technical and 
human are, and not as if it influences all the others. 
 
Although we did not find in the literature such kind of aggregation, as illustrated in 
Figure 5, it is compatible with Brazilian nuclear standards [10, 13] and international 
recommendations of IAEA [1, 2, 14] and others [3, 15]. It is an administrative tool to 
verify, in an integrated manner, the effectiveness of safety management of nuclear plants 
and allows the detection of trends safety degradation, enabling latent adverse conditions 
to be corrected. The choice of global indicators that represents the PDCA cycle, so 
familiar to the managerial levels of an organization, establishes a friendly link between 
the high level and day-to-day aspects of the organization, reflected by specific indicators. 
 
The proposed aggregation can be applied for dedicated or integrated safety management 
systems. In the case where integrated management is used, the adoption of this proposal 
is a useful tool to deploy safety as a priority in management. 
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