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ABSTRACT 

 
There are many methodologies used for investigation of accidents to facilitate the search of the factors that 

cause these events in different areas of industry. These can be called proactive methods, if they are used before 

the occurrence of the events, or reactive methods that are applied after the occurrence of the incident or 

accident, and are used as a basis of information to prevent further events. One of these methods is the Causal 

Tree Method (CTM). The basic idea of this technique is that incidents and accidents result from variations in 

usual processes. These variations can be related to the individual, the task, the material or the environment. The 

tree starts with the end event (incident or accident) and works backwards. The facts relating to the end event are 

used in the construction of the causal tree. The end event is the starting point and only the facts that contributed 

to the incident or accident should be selected. The analyst has to identify and list the variations and then display 

them in the analytic tree, showing causal relations. The objective of this paper is to test the application of the 

CTM method in investigation of incidents and accidents involving radioactive materials, in order to evaluate its 

efficiency on finding the typical factors causing these events. 
 

 

1. INTRODUCTION 

 

Industrial accidents cause thousands of deaths every day around the world and Brazil is one 

of the champions of occurrences. They are caused by many factors such as human, 

organizational, and equipment failures, as well as environmental conditions. There are many 

methodologies used for investigation of accidents to facilitate the search of the factors that 

cause these events in different areas of industry. These can be called proactive methods, if 

they are used before the occurrence of the events, or reactive methods that are applied after 

the occurrence of the incident or accident, and are used as a basis of information to prevent 

further events. Causal Tree Method (CTM) is an incident and accident investigating 

methodology that was originally developed in the late 1970s by ”Institut National de 

Recherche et de Sécurité (INRS)” [1]. In the early 1990s the use of causal tree method for 

investigation of industrial accidents began to gain ground in Brazil [2]. The main idea of the 

technique is that incidents and accidents result from variations in usual processes. These 

variations can be related to the individual, the task, the material or the environment. The tree 

starts with the end event (incident or accident) and works backwards. The facts relating to the 

end event are used in the construction of the causal tree. 
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According to CNEN [3] the owner of radioactive facilities should immediately investigate the 

causes of incidents and accidents and the actions to be taken, and inform them to the 

licensing body. The objective of this paper is to test the application of the CTM method in 

investigations of incidents and accidents involving radioactive materials, in order to evaluate 

its efficiency on finding the typical factors causing these events. The method will be used in 

an application example investigating a radioactive incident, in combination with Fault Tree 

Analysis technique [4]. 

 

 

2. CAUSAL TREE METHOD - CTM 

 

2.1 Overview 

 

Between the techniques for investigation of incidents and accidents involving radioactive 

materials, the CTM method can be highlighted. It can help the identification of the types and 

cause not only of equipment failures, but also of human errors, and to derive effective 

countermeasures to prevent and reduce future recurrences [5]. CTM was originally developed 

by Leplat [6] and, as the name suggests, involves the development of a tree of causes. The 

method uses deductive logic and intends to make the construction of the trees and the logic 

easier to apply. 

 

The basic principle of the method is that an incident or accident results from changes or 

variations in the normal process. The analyst must identify the changes in the system, list the 

changes, organize them into a diagram and define their interrelationship. Unlike a fault tree, 

the method only includes the branches actually leading to the incident. Thus no „OR‟ gates 

are represented, only „AND‟ gates. The construction of the diagram is guided by simple rules 

which specify event chains and resulting relationships. 

 

CTM requires the analysis to be undertaken by a group including the victim or other involved 

people (if possible), supervisor, safety engineer, member of the safety committee, decision 

maker and someone experienced in CTM. 

 

2.2 Structure 

 

A list of facts is drawn up as a result of the data collection phase of the incident or accident 

analysis process. The causal tree is used to put these facts in order and to identify the 

relationship between them. The tree starts with the end event (the incident or accident under 

analysis) and works backwards. 

 

Within the scope of Causal Tree Methodology, there are four components that make up an 

activity: 

 

Individual (I): is the person working on their professional environment and suffering the 

effects of the activity being performed, or accident victim or person whose activities are 

related more or less to the victim (team member, leader etc.). 

 

Task (T): means generally the actions of the individual who participates in the production or 

part of a good or service (arriving at workplace, using an equipment etc.). 
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Material (M): includes all technical means, the raw material and products available to the 

worker to perform some task (a forklift, an equipment, a product to use etc.). 

 

Work Environment (WE): is the physical and social environment in which the individual 

performs its task. 

 

2.3 Incident or accident description 

 

This step describes the event history objectively, using short sentences that report the facts 

and factors of an incident or accident, which should not be emphasizing the issue of value 

judgments or interpretations. All occurrences (causes) culminating in the undesired event 

itself must be described. 

 

2.4 Data organization and analysis 

 

The data collected should be organized in order to allow a coherent description of the 

undesired event and allows the analyst to view more fully as it happened. Only after 

preparing the description of the event is that one should analyze and interpret the recorded 

information that will guide the prevention actions. 

 

The organization of events is carried out rating, in simplified form, listed in activity 

component (Individual, Task, Material and Work Environment) [7, 8]. The usual facts 

(marked with □) are those features of the activity considered as routine. The variations facts 

(marked with O) are the ones that somehow interfered with routine activity causing 

unforeseen changes that alter the normal working. An example of this organization and 

symbols used by CTM are shown in Table 1. 

 

 

Table 1 – Organization and symbols used by CTM 

 

Facts Components □O 

The worker breaks his leg  Individual (I) O 

The gate hits his leg Task (T) O 

(...................................................................)   

The weight of the gate is 90 kg Material (M) □ 
There is a rainstorm Work Environment 

(WE) 
□ 

Source: Adapted from [8]. 
 

 

2.5 Conducting an Analysis 

 

The working group selected for the analysis must collect the data and reconstruct the 

incident. This method states a written summary rather than a diagrammatic form. From this 

information the working group must extract the facts relating to the incident. Each „fact‟ is a 

singular event or occurrence. 
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The list of facts is used in the construction of the causal tree. The end event serves as the 

starting point and the group must select the facts from the list that contributed to this incident. 

Working one level at a time the group works backwards through the event until a point is 

reached at which the team agrees that it would be unproductive to go further. 

 

To achieve this, three questions are asked: 

 

1. What are the causes of this result? 

 

The items in the list are considered, and those that are agreed to be contributory are selected. 

The next two questions are considered from this filtered list before items are added to the 

tree. 

 

2. What was directly necessary to cause the end result? 

 

Only those factors that were directly necessary to have caused the result to occur should be 

selected. This method only looks for what has happened and not what could have happened. 

 

3. Are these factors (identified from 2) sufficient to have caused the result? 

 

If not, the team needs to identify other factors necessary to complete the logic of the tree. If 

the answer is yes, then the group can move on to the next stage, considering all of the facts 

identified as the end result and breaking them down in turn. 

 

The choice of facts and the way in which the tree is structured must be agreed unanimously 

by the group. When the group decides that a sufficient level of detail has been reached it must 

stop the analysis. The group is always asked to identify a minimum of three factors for each 

incident, one from each of three broad categories: organizational, human and material factors. 

 

 

3. AN APPLICATION EXAMPLE 

 

An application example was carried out in order to show the applicability of CTM method in 

investigation of an incident involving radioactive materials. 

 

3.1 Incident scenarios 

 

A radioactive facility that handles radioisotopes in different concentrations in liquid state, 

equipped with two hotcells, was used by two researchers in an unusual experiment aimed to 

produce new radioisotopes. This experiment involved the use of a hotcell different from that 

of the routine activities and would be performed with non-radioactive materials. 

 

The hotcell used in routine activities always goes through a process of cleaning up after the 

work day. This cleaning process consists in washing the capillary tube leading the 

radioisotope to the hotcell and all washing water is conducted and held in a shielding 

container located outside the hotcell room. 
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The experiment consisted primarily of installing clean bottles, filled with water, a special 

device for the production of radioisotopes in the study, with its connection to the capillary 

tube for driving liquid to the facility. 

 

During this operation the radiation alarm installed in the room rang and contamination was 

found in the hands of the researcher (researcher 1) who did the installation of the device, and 

in the feet of the researcher (researcher 2) who found radiation levels above normal in the 

hotcell and closed it. 

 

3.2 Incident Investigation 

 

The incident to be investigated is the accidental release of radioactive material in hotcell 

room with contamination of two researchers. So, the end event of causal tree is “Accidental 

doses received by researchers 1 and 2”. 

 

3.2.1 Possible causes of incident 

 

After discussion between the investigation group and the researchers involved in the incident, 

the following possible causes of presence of radioactive material in hotcell room were 

screened: 

 

Cause 1 – Release of radioactive material in gas or vapor form to the chimney and subsequent 

aspiration of this material through the exhaust system in the room. 

 

Cause 2 – Water contaminated with radioactive material inadvertently introduced in hotcell; 

 

Cause 3 - Reflux of radioactive material in gas/vapor form by exhaust system of hotcell; 

 

Cause 4 – Connection errors between source of radionuclides and hotcell; 

 

Cause 5 – Connection valves with leakage; 

 

Cause 6 – Switching errors during washing or transferring of radioactive materials. 

 

The possible causes ant their basic events were developed using the Fault Tree Analysis 

Technique (FTA). They were constructed using the OpenFTA software [9] and are shown in 

Figures 1, 2 and 3, considering the Top Event “Accidental release of radioactive material in 

hotcell room”. 
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Figure 1: Fault tree for the top event “Accidental release of radioactive material in 

hotcell room”. 

 



 

 

 

Figure 2: First continuation for the Figure 1. 
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Figure 3: Second continuation for the Figure 1. 

 

 

3.2.2Qualitative Fault Tree Analysis 

 

A qualitative analysis of the identified incident causes in the fault trees presented above is 

presented below. 

 

Cause 1 – Unlikely: With the closing of the hotcell the radiation level in the room should 

have increased because it is considered, in this case, that the introduction of radioactive 

material was being taken by exhaust of the room. Furthermore, the monitoring of the output 

of the chimney did not demonstrate the presence of radiation. 

 

Cause 2 – Unlikely: In the places where the water was collected and where they were picked 

in order to run the experiment was not verified the presence of radioactive. Although there 

was this possibility, the radiation alarm would be ring when entering the room with such 
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material, because the bottle was not shielded and the detector is located next to the entrance 

door. 

 

Cause 3 – Unlikely: The type of the contamination has strong suspicion that this 

contamination occurred with radioactive material in liquid form and not gas. This suspection 

is based on the fact that the researcher 1 that ran the experiment, when disconnecting the 

capillary feeding bottle with the end product, poured water on the room floor, thereby 

contaminating their hands and feet. The researcher 2 who approached the hotcell to monitor 

and close it did not touch the inside of the hotcell with his hands, but stepped on the poured 

water contaminating their feet. 

 

Cause 4 – Probable: It has been reported that during the laboratory commissioning step there 

was manipulation of capillaries that make the connection between the source of radionuclides 

and hotcells, and may have been, in this operation, some mistake in the connections of the 

valves that make this transferring. 

 

Cause 5 – Probable: Failure in the sealing of the valves can allow passage of the material 

coming from the source of radionuclide to more than one hotcell. 

 

Cause 6 – Probable: Following routine operation of laboratory the washing of another hotcell 

was carried out. It was reported that the wash water was collected and checked their arrival to 

this hotcell. After washing with water, air was passed through the system for removal of 

remaining droplets. It is also suspected that at this time, may have been done inadvertently, in 

the operating room, switching and consequent redirection of washing water for hotcell where 

the incident occurred. 

 

3.2.3 Causal Tree Analysis 

 

After qualitative fault tree analysis, elimination of unlikely causes and new discussions with 

involved with incident, it was found that the most likely sequence of events leading to the 

occurrence of the reported incident is that shown in causal tree shown in Figure 4. 
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Figure 4: Causal tree for investigation of the incident of application example. 

 

 

As can be seen at above causal tree, the main measures to be adopted to control and reduce 

future recurrence of such type of event in the analyzed facility are: 

 

 Interlocking of transfer mechanisms; 

 Stating and training of drying procedures; 

 Stating and training of communication procedures; 

 Enhancement of maintenance procedure of radiation detectors; 

 Training of supervision procedures; 

 Training and practices in emergency procedures. 

 

 

4. CONCLUDING REMARKS 

 

This paper has shown that the Causal Tree Method (CTM) can be used for investigation of 

incidents and accidents involving radioactive materials, in order to evaluate its efficiency on 

finding the typical factors causing these events. This technique can be very useful for 

professionals for improving the workplace conditions and reducing radiological risks through 

the adoption of measures of control of identified causes. Integrated to traditional techniques 

of logically investigating causes of accidents, such as Fault Tree Analysis (FTA), the causes 

can be easily identified and preventive corrective actions can be efficiently implemented. In 
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the application example, measures to be adopted to control and reduce future recurrence of 

accidental dose in the analyzed radioactive facility, such as training and enhancement of 

procedures, were identified through the analysis of causal tree. 
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