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Abstract
Keywords

Background and aims: Today, many organizations and companies have
methods and instructions to analyze the causes of accidents. However, when Accident Analysis
an accident occurs, only a simple approach is implemented for analysis.
This study aims to investigate and identify the root causes of accidents in
the country’s drilling industry and provide a technique for a more accurate Iranian Drilling Industry
and comprehensive analysis of high-intensity and frequent accidents in this

industry.

Root Causes of the Accident

Methods: The present study was conducted in four main stages. In the first
stage, lessons learned from accidents in the drilling industry were studied
through document review. The factors identified in the first stage were weighted
by the AHP-Fuzzy method, and their impact on the occurrence of the accident
was determined according to expert opinion. One of the fatal accidents in an
oil drilling company was selected, and then the root causes of the accident were
analyzed according to the developed model. Received: 2022/06/5

Results: Based on the results of the document review, 29 factors, including Acce )
ts: 1 _ esults Feview pted : 2023/09/4

organizational, job, and individual factors, were identified as the root causes

of accidents. Among the second-level criteria, the organizational factor with

a weighting load of 0.533 had the highest impact, and the job criteria with a

weighting load of 0.0198 had the lowest impact. Based on the results, it was

found that job incompetence is one of the main causes of accidents, and job

incompatibility and safety training are among the second and third sub-criteria

and are among the main causes of the accident.

Conclusion: In the present study, three factors of organization, job, and
individual, based on the theory of human factors, were investigated as the root
causes of industrial accidents in the drilling industry. Analysis of the study data
showed that the designed tool is a simple and quantitative method to find the
root causes of accidents in the drilling industry and can be used as a practical
and comprehensive method for analyzing organizational accidents.
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EXTENDED ABSTRACT

INTRODUCTION

Accidents impose countless social and economic
costs on society, and the prevention of accidents is
crucial for achieving economic, social, and moral
goals. The analysis of the root causes of accidents is a
significant topic that can enhance the effectiveness of
preventive measures in accident occurrence. Therefore,
identifying the factors influencing the occurrence of
an accident and implementing preventive programs
are important for improving and enhancing the safety
performance level of an organization. According to
Heinrich’s theory, for every serious accident, a large
number of near-misses occur in an organization. This
theory states that any accident, before its occurrence,
repeatedly warns the organization of a high-intensity
incident that will likely happen in the future if
the organization does not pay attention and apply
control measures. However, some organizations, due
to the negligence and insignificance of the alarm,
inadvertently accept similar and repeated events
and the resulting damage. Today, many Iranian
organizations and companies have various safety
methods and instructions, but when an accident
occurs, the analysis is conducted only in a simple
and qualitative way. Examining different methods of
accident analysis such as HFACs, Fish Bone, Swiss
cheese, etc., shows that humans are not the only ones
involved in the occurrence of accidents, and factors
such as environmental conditions, organization,
technical and personal issues are influential in the
occurrence of an accident. However, many causes of
the accident and influencing factors are not properly
detected, tracked, and grouped. In this study, an
attempt has been made to develop and design an
accident analysis technique that provides a more
complete study of the main factors influencing the
accident. This approach seems to provide a better view
for incident management than traditional methods.

Based on the human factors model, the influential

Human failures

factors in an accident include organizational,
individual, and job factors (Figure 1). In addition,
according to James Reason’s Swiss cheese model, some
organizational processes and management decisions
have safety flaws that are imposed on the entire
system (role of the organization). These unfavorable
conditions may be reinforced in the workplace (role
of the job), and then, manpower errors and violations
(individual role) may create an accident as a result of
these organizational and environmental conditions.

Therefore, in order to deal comprehensively with
incident analysis, the role of all three factors must be
considered in the analysis of organizational events.
The drilling industry holds a strategic position as one
of the main processes of exploration, evaluation, and
development of oil and gas reservoirs and has always
been viewed as one of the primary challenges in the
Iranian oil industry.

The purpose of this study is for the authors to
investigate and identify the root causes of accidents
in the country’s drilling industry and also to provide
a technique for more accurate and comprehensive
analysis of accidents with high intensity and frequency.
It is hoped that by developing this method, more
suitable conditions can be obtained for managers to
make decisions in order to prevent the recurrence of
similar incidents.

METHODOLOGY
The present research is of an applied type and the
steps of conducting the research are as follows:

Step 1: Identify the root causes of the accident

Based on the theory of human factors, the
root causes of the accident were identified in three
categories:  organizational, environmental, and
occupational factors. In this step, the reports of
lessons learned in the drilling industry registered in
the International Association of Drilling Contractors

Organisation
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Fig. 1. Accident model based on the approach of human factors
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(IADC) were analyzed through document review.
Then, the relevant codes were determined by the
research team. Experts had at least one of the
following characteristics: they were faculty members
of universities in the field of safety, occupational
health; HSE managers of companies in the field of oil
drilling with doctoral and master’s degrees in the fields
of environment, industrial safety, and occupational
health, and HSE experts and supervisors with more
than 10 years of experience working in the field of oil
and gas.

Step 2: Develop an accident analysis technique

At this stage, the final tool for the analysis of the
roots of accidents was developed using the designed
guide tables to identify the impact of the criteria and
also the severity of the impact of each of the criteria.
In the guide tables using the 5-point Likert scale, the
number 5 indicates poor status and the number 1
indicates good status.

Step 3: Analyze the identified incidents based on the
developed technique
Based on statistics and reports, accidents in the
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drilling industry were investigated and the most
important accidents were identified in terms of
intensity and frequency. The incidents extracted in
the previous stage were analyzed using the technique
developed in this research and the root causes of the
accident were identified. One of the fatal accidents at
an onshore drilling company was selected as described
below.

RESULTS

The identification of themes and the determination
of related codes were examined according to the study
of 110 reports of lessons learned in the drilling industry
recorded in the International Association of Drilling
Contractors (IADC) through document review. Based
on the results obtained from the review of documents,
organizational, job, and environmental criteria were
identified in relation to the root causes of accidents.
Among the organizational factors, 13 factors were
identified as influential in the occurrence of drilling
industry accidents. These include managerial safety
training, managers’ safety performance evaluation,
managers visit of the workplace, operational
supervisors’ safety training, operational supervisors’

Table 1. Criteria affecting the occurrence of accidents

Factors Sub-factors weight load
Managers safety training 0.149728
safety performance of managers 0.117558
Managers visit the workplace 0.113446
Safety training of supervisors 0.122124
performance of supervisors 0.078472
Organizational supervisors visit of the workplace 0.068763
factors Safety Communications 0.073872
Employee participation 0.081945
Incident investigation team 0.072572
worker safety training 0.052422
Rules and instructions 0.035150
Maintenance program 0.016511
Emergency preparedness and response 0.017437
Job fitness 0.27346
Workload 0.23610
Individual factors Job Skills 0.20989
job competency 0.15033
Job stress 0.12828
Job Satisfaction 0.00194
noise 0.120530
Lighting 0.126178
Heat and humidity 0.126481
Ergonomics 0.115552
Chemical agents 0.105973
Job factors .
Machinery safety 0.112198
Workplace safety 0.098690
Safety of equipment and tools 0.088578
Status of warning systems 0.069779
Status of control systems 0.036041
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performance evaluation, supervisors visit of the
workplace, safety = communication, employee
participation, incident investigation team, operational
worker safety training, rules and regulations,
maintenance program, and emergency preparedness
and response.

Also, job fitness, workload, job skills, job
competence, job stress, and job satisfaction were
considered as effective factors in the group of job-
related factors. Noise, lighting, heat and humidity,
ergonomics, exposure to chemical agents, machine
safety, workplace safety, equipment and tool safety,
warning systems, and control systems were identified
as effective environmental factors (Table 1).

Factors influencing the occurrence of accidents
were weighted according to the results of fuzzy
hierarchical analysis (FAHP). Among the second-level
criteria, organizational and environmental factors
had the most and the least effect on the occurrence
of accidents with a weight load of 0.533 and 0.01998,
respectively. Also, among the organizational sub-
criteria, the safety training factor of managers with a
weight of 0.149 and the maintenance program factor
with a weight of 0.0165 gained the highest and the
lowest weight load, respectively. According to expert’s
judgment, job fitness and workload factors had the
greatest impact among job criteria. The heat and
humidity factor with a weight load of 0.1264 and the
status of control systems with a weight load of 0.036
obtained the highest and lowest effects on the score of
environmental criteria, respectively.

In order to score the root causes in the occurrence of
accidents, guidance tables were designed and adjusted
based on the 5-point Likert scale. The rank and score
of the sub-criteria and criteria were determined by
considering the weights calculated by the Fuzzy AHP
method in the previous section and applying the
calculated weights to the average scores of each. Three
experienced experts from the accident investigation
team in the drilling industry were selected to score
the root causes of the accident. Separate scores were
obtained for each sub-factor based on the identified
criteria and sub-criteria as well as the guidance tables
(Table 2). Based on the results, it was found that a lack
of job skills is one of the main causes of accidents. A
lack of job fitness and safety training are also among
the sub-criteria of the second and third categories,
which were identified as root causes of the accident.

DISCUSSION

Based on the results of the present study, three
factors including organization, individual, and job
factors were examined based on the theory of human
factorsfor finding the root causes of industrial accidents
in the drilling industry. Among organizational factors,
the safety training of managers and operational
supervisors gained the most importance. Also, job
fitness and workload sub-factors had the highest
weight load among individual factors. Noise, heat and
humidity sub-factors, as well as ergonomic conditions
of the workplace, were considered by experts as the
most important job factors.

Table 2. Scoring the sub-criteria affecting the occurrence of the accident

Weighting  Expert  Expert  Expert Local Total
factors Sub- factors AVE AVEx WF
factor(WF) 1 2 3 rank rank
Managers safety training 0.1497 5 5 4 4.66 0.698 First Third
performance of managers 0.1175 5 4 3 4.00 0.470 Third Eighth
Managers visit o 0.1134 3 4 5 4.00 0.453 Fourth ninth
supervisors training 0.1221 5 5 4 4.66 0.569 Second Fifth
performance of supervisors 0.0784 5 5 3 4.33 0.340 Seventh fifteenth
Organizational supervisors visit 0.0687 4 5 5 4.66 0.320 Eighth seventeenth
factors Safety Communications 0.0738 5 5 4 4.66 0.344 sixth Fourteenth
Employee participation 0.0819 4 5 4 4.33 0.355 Fifth Twelve
Incident analysis team 0.0725 4 5 4 4.33 0.314 ninth nineteenth
worker safety training 0.0524 4 4 3 3.67 0.192 tenth twenty third
Rules and instructions 0.0351 4 4 4 4.00 0.140 Eleventh Twenty fourth
Maintenance program 0.0165 4 4 2 333 0.055 Thirteenth twenty eighth
Emergency preparedness 0.0174 3 4 3 3.33 0.058 Twelve twenty seventh
Job fitness 0.2734 4 3 2 3.00 0.820 Second Second
Workload 0.2361 1 4 2 2.33 0.550 Fourth sixth
Individual factors Job Skills 0.2098 4 5 4 4.33 0.909 First First
job competency 0.1503 4 5 3 4.00 0.601 Third Fourth
Job stress 0.1282 3 4 3 3.33 0.427 Fifth tenth
Job Satisfaction 0.0019 2 3 4 3.00 0.005 sixth twenty ninth
noise 0.1205 4 4 4 4.00 0.482 First Seventh
Lighting 0.1261 2 3 3 2.66 0.336 Fourth Sixteenth
Heat and humidity 0.1264 3 4 3 333 0.421 Second Eleventh
Ergonomics 0.1155 2 3 4 3.00 0.346 Third Thirteenth
Chemical agents 0.1059 1 5 3 3.00 0.317 Fifth Eighteenth
Job factors K
Machinery safety 0.1121 3 3 1 2.33 0.261 Seventh twenty first
Workplace safety 0.0986 3 4 1 2.66 0.263 sixth Twentieth
Safety of equipment and tools 0.0885 2 3 2 233 0.206 Eighth twenty second
Status of warning systems 0.0697 1 1 3 1.66 0.116 ninth twenty fifth
Status of control systems 0.0360 3 1 4 2.66 0.096 tenth twenty sixth
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Accident analysis is the starting point for an
accident prevention strategy and certainly one of the
most important items in the effectiveness of accident
prevention measures. The Center for Chemical
Process Safety (CCPS) outlines three main objectives
for performing incident investigation techniques,
including organizing incident information, explaining,
and rooting accident causation to help substantiate
expert hypotheses and evaluate corrective action. The
results of this study showed that it is possible to achieve
these three goals based on the developed model.

Research on several major industrial accidents
over the past few years has provided a new area of
study. These studies have shown that “the root causes
ofaccidents go beyond technical or human problems.”
In fact, these are organizational and cultural factors
that form the cornerstone of accidents in high-tech
industries. As Heinrich suggested in 1931, despite
the fact that the vast majority of accidents still occur
as a result of unsafe behaviors, organizational and
cultural factors significantly affect unsafe behaviors.
In the present study, based on the aggregated opinions
of experts in the field of safety, organizational factors
with a weight load of 0.5333 had the most roles
among other factors affecting the occurrence of
accidents in the drilling industry. Also, Jabbari et
al. determined the social responsibility and the role
of the groups involved in work-related accidents. It
was known that the role of the construction project
management team has 74.65/ responsibility for
work-related accidents.

Research emphasizes that attention to the
technical approach alone is not sufficient to reduce
workplace injuries and increase employee safety.
Some researchers also highlight that the use of human
factors can be effective in reducing accidents. After the
Chernobyl accident, the role of organizational factors
has received significant attention as a part of human
factors in recent years. Studies are limited to the other
two components of human factors, including job and

Developing a new method for analyzing the root ...

individual factors. Some job and individual factors
have been studied in the construction, petrochemical,
railway, nuclear energy, and transportation industries.
Some studies also point to the role of a person’s
perception of the work environment, risky behaviors,
emotional instability, job satisfaction, and job stress
on safety performance. Gunesh et al. (2004) found
that working conditions and the work environment
have a significant effect on occupational accidents.
These findings indicate that workers are less likely to
have a work accident if they have a positive attitude
towards their work environment. Lee et al. (2001)
also emphasized that workplace injuries are caused by
poor person-environment adaptation, which leads to
mental distress and ultimately work-related accidents.
Job stress is one of the influential components in
the individual factor assessment tool presented in
the present study. Freon concluded that negative
feelings and emotional instability of workers may
lead to errors in their attention and distraction and
therefore can increase the likelihood of occupational
accidents. In addition, many studies have pointed to
the role of job satisfaction in the safety performance
of the organization. Job satisfaction is defined as a
complex emotional response to a job that is related to
production, motivation, absenteeism, procrastination,
carelessness, fatigue, and mental health that can
ultimately affect the occurrence of occupational
accidents.

CONCLUSION

In the present study, three factors of organization,
individual, and job were examined based on the theory
of human factors in the root causes of industrial
accidents in the drilling industry. The analysis of
the study data showed that the tool designed by the
authors is an objective and simple method to find the
root causes of accidents in the drilling industry and
can be used as a practical and comprehensive method
for analyzing organizational accidents.
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