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ABSTRACT

Introduction: Unit risk management is a critical component of gas refining management, as
risks that are not well-managed may lead to trip production failures. The present study aimed
to provide a structural model for investigating the role and effect of different variables on
stopping the gas production process in the gas refinery.

Material and Methods: This study was a retrospective cross-sectional and systematic analysis,
which was carried out on key risks in the trip gas sweetening unit in a gas refinery industry
located in Asaluyeh, Iran. The systems analysis was applied by using Fishbone Diagram, and
then data modeling was prepared by Structural Equation Modeling (SEM) for an incident that
occurred during gas sweetening production. Tools for the data analysis included the SPSS 24
and Smart PLS 2 software.

Results: Results of this research indicate that “Environment Risk” with a path coefficient of
0.943 and T- Value of 103.791; “Cost Risk” with a path coefficient of 0.937 and T- Value of
95.168; “Implementation of management system Risk” with a path coefficient of 0.847 and T-
Value of 35.23; “Accident Risk” with path coefficient of 0.577 and T- Value of 25.410; “Time Risk”
with path coefficient of 0.758 and T- Value of 15.121; “Human Error Risk” with path coefficient
of 0.712 and T- Value of 11.215 had the most important coefficients of the paths respectively,
that are effective in stopping production concerning other risks. Also, by comparing the path
coefficients of the risks we can see that the impact of each of the risks on stopping production
is different.

Conclusion: The findings of the present study revealed that a combination of variables can
affect stopping production in the gas industry. Therefore, the role of these risks in losses in the
refinery system should be investigated.
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1. INTRODUCTION

Stopping production processes and extraction
of gas will cause huge losses in the refinery industry
and a large part of the national capital will be
lost. Given that the risks of the refining process
occur in different groups and affect production,
it is critically important to identify and categorize
them in order to detect the situations where errors
occur. On the other hand, it is of great importance
in the risk management process to make decisions
on risk elimination or reduction with the help of
appropriate interventions in terms of the awareness
of risk levels and types, and can increase the
effectiveness of the potential to reduce errors in the
system.

Identifying and analyzing cause-and-effect
relationships between risks is not performed in
common risk assessment methods due to the
latent effects of some certain risks on the others. In
addition, in risk control decision-making methods,
the effect of risk reduction, which may lead to the
reduction or increase of other risks, is not analyzed
either. Structural equation modeling (SEM)
provides a structure to regulate risk identification
and enhance the complex relationships between
variables, the effectiveness and quality of the risk
identification process.

Considering the relationship between risk
management (RM) and refining management of
sour gas extraction, the present study aimed to
analyze and model risk variables and the impact of
the factors on the production cessation index in the
gas-sweetening unit.

2. MATERIAL AND METHODS

The research method was descriptive-
correlational and variance matrix analysis.
Using a SEM, the researchers examined the
research hypotheses on the relationships between
the variables and their effects on cessation of
production through a comprehensive statistical
approach. The complex relationships between the
variables and the various factors that were directly
or indirectly, and covertly or explicitly involved in
the occurrence of incidents were analyzed using
the SEM method analysis. The conceptual model of
cessation of the gas extraction system including the
research hypotheses is presented in Fig. 1.

The SPSS-24 statistical software was used to
analyze the data, and the partial least squares (PLS)
method as well as the smart PLS software were used
to analyze the hypotheses and the model.
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The data weighting was performed using the
triangular fuzzy analytic hierarchy process (FAHP),
in which the probability of occurrence of each cause
and the percentage of impact on the occurrence
of the main incident were calculated, and finally,
suggestions on improvement strategies were
provided. Finally impact rate (IR) was converted to
probability using Equations (1) and (2).

o 110v IR#£0
robability of IR =
E v [ 0 IR=0

(Eq. 1 and 2)
k= 2.301 x [(1 — IR)/IR]*?

Based on the consensus of the experts, 128
most likely causes of the cessation of the gas
sweetening unit were identified. They were the
items of the questionnaire that was provided to 65
managers and heads of different units as well as the
supervisors and deputy of the repair contractor,
unit supervisor, operators, and technicians.

The reliability and validity in the PLS method
were examined in two sections: a) the section
dealing with the measurement model, which
included index reliability, convergent validity, and
divergent validity; b) the section addressing the
structural model, in which the research hypotheses
were examined. The significance T-Value was used
to test the hypotheses. If the absolute value of these
numbers exceeded 1.96, there would be correct
relationships between the structures and thus, the
research hypotheses would be confirmed at the
95% confidence level (Fig. 2).
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Production
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Fig. 1: Conceptual framework of study
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Fig. 3: The T-Value and the significance level of each risk

The value of T-student statistics corresponding
to each coefficient was used to measure the
significance of the estimated paths, which are
reported in Table 1.

Table 2 presents the fit of the structural model
for the path significance coefficients and the
T-values on the paths of the dependent variables.
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3. RESULTS AND DISCUSSION

The T-Value and the significance level of each
risk on the unit stop are shown in Figure 3; as
observed, each risk had a different impact on the
unit stop.

The data analysis showed that the risk associated
with the ER environment variable had the greatest
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Table 1: Regression weights in the parameters of the structural equation model

Risk Path (B)
Environmental Factor Risk (ER) 0.43
Management System Risk (MR) 0.847

Costs Assessment Risk (CR) 0.937
Timed Operation Risk (TR) 0.758
Human Error Risk (HR) 0.712
Accident Risk (AR) 0.791

T-Value Priority
103.791 1

35.236

95.168
15.121
11.215
25.41

=N L N W

Table 2: Results of Structural Model Dependent Variables

Dependent variables Path (B)
ER to MR 0.344
CR to MR 0.234
MR to TR 0.427

impact on stopping the gas-sweetening unit, the
root causes of which were the lack of access to the
main piece and the management’s decision to use
the consumable piece in accordance with vendor’s
instructions. The supply of major and minor pieces
and warehousing them had the greatest impact on
saving the costs of supplying the pieces, justifying
the formation of a committee for the purchase of
essential pieces and warehousing at the refinery as
a long-term investment.

The control room operator’s error and emergency
stop of the pump (reading motor consumption
voltage, output line pressure), inadequate supervision
of the employer on installing the pieces, and the
technical inspector’s error in approving the repaired
piece (not repaired correctly) were the root causes of
human error risks with the least effect on stopping the
unit. Therefore, employee perception and awareness
could be an important indicator of their proper
performance, because understanding the risks could
help employees to learn the right way to work in
advance and in fact, take preventive measures.
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T-Value Result
3.886 OK
2.613 OK
4.079 OK

4. CONCLUSIONS

The findings of the present study showed
that this type of incident was a multi-causal
phenomenon caused by various factors and
varijables at different levels and perspectives of the
system, and the causal analysis of its occurrence was
well reflected. It was found in the structural model
fit that the impact of each risk to the cessation of
production was different from the others, and the
risks associated with the environment variable and
the one associated with the supply of pieces and
the cost had the greatest impact on stopping the
unit. According to the results, it is suggested to use
this type of tools and methods to analyze system
management issues and to design and develop a
robust structure for collecting and recording all
the data related to incidents and other incomes of
refining gas extraction in the workplace in order to
achieve the ultimate goal of improving productivity
and reducing costs in all workplaces, especially oil
and gas industries and projects, through systematic
analysis of occupational safety and health.
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