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 Abstract  One of the important oil and gas industry is oil and gas pipeline which serves to support the 

gas transmission and distribution process. The oil and gas pipeline routes are so long and cross through 

some areas that certainly raises the risk of adversely affecting the environment, especially for the pipeline 

located in a densely populated area, where at certain conditions, the pipe can leak and may cause the 

explosion. Many researches have been conducted concerning on the project pipeline risks which 

concluded that the oil and gas pipeline project has very complex risks. In addition, the oil and gas project 

may cause a potential disaster. Currently oil and gas companies have been implementing risk 

management to minimize the negative impacts, but the negative impacts are still occurred. This is due to 

ineffective risk management implementation. This study aims to analyze the effectiveness of risk 

management system for oil and gas pipeline project in Java Island. Based on a deep study literature 

review, it shows that the effectiveness of risk management can be achieved by taking account into 

environmental, social and economic factors that are the pillars of sustainable development system. The 

potential disaster was also to be considered as an addition factor. Therefore, four identified factors were 

analyzed using Analytical Hierarchy Process (AHP) method. Data were obtained using questionnaire 

which were distributed to oil and gas project team. It is found that the most factors to be considered was 

social aspect (40%) and the other factors contributed 31% for disaster, 15% for economic, 14% for 

environment. Those factors should be taken account in the design stage as the most priority. 
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I. INTRODUCTION
1 

In the oil and gas industry, there are several series 

of supporting activities, one of which is the 
transportation activities, which the current 
operations are carried out using pipelines. 
Transport by pipeline is considered safer, more 
effective and efficient than other transportation 
methods. However, transportation methods with 
pipelines also have risks that must be managed so 
that the objectives can be achieved in accordance 
with the expected plan [1]. As other activities 
constitute a series of projects within the oil and gas 
industry, pipeline projects within the oil and gas 
industry also have a potentially hazard [2]. 
Currently the company engaged in the pipeline has 
developed and adopted various methods to 
minimize and control the existing threats, but so far 
the application of risk management by oil and gas 
companies is used as a method that is preventive 
[2]. In addition, risk management tends to be used 

                                                           

 

 

at the operational stage and uses the Risk Based 
Inspection (RBI) reference. 

The risks contained in the oil and gas pipeline 
project can certainly be anticipated with risk 
management applications, but if risk management 
has been applied and still has a negative impact, it 
is because the risk management application is not 
systematic and ineffective. Therefore, it is 
necessary to develop a concept of risk management 
that can build an effective risk management system 
[3]. In ISO 31000: 2009, it is mentioned that the 
effectiveness of risk management can be achieved 
by considering 11 (eleven) risk management 
principles. Basically, the risk management 
principle shows that risk management must be done 
with regard to all aspects of the project 
management field so that risk management can 
help achieve the desired target [4]. 

Since pipeline projects are hazardous and 
potentially catastrophic, it is imperative that they 
no longer be subjected to preventive matters, but 
should be in coping activities [5]. One effort to 
undertake countermeasures can be done by taking 
into account the concept of sustainable 
development in activities to be undertaken [6]. As 
for the pipeline operating system, it is currently 
used with reference to the Pipeline Integration 
Management System (PIMS) [7]. Based on the 
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description, this paper aims to analyze an effective 
risk management system for oil and gas pipelines 
project in Java island. 

The effectiveness of risk management is 
conducted based on the review literature on 
relevant previous research results. The results of 
the literature review mentioned that, in general, risk 
management applied by some oil and gas 
companies more emphasis on risk management 
HSE (Health, Safety, and Environment) [8]. In ISO 
31000: 2009, it is mentioned that the effectiveness 
of risk management can be achieved by considering 
11 (eleven) risk management principles. Basically, 
the risk management principle shows that risk 
management must be done with regard to all 
aspects of the project management field so that risk 
management can help achieve the desired target. 

Currently, in addition to the principles that must 
be adhered to also there is a concept that must be 
considered and taken into account in every activity. 
It is a concept of sustainable development [6]. 
Sustainable development is a development concept 
that aims to provide a better quality of life for all 
people, both at present and in future generations 
[9]. Thus, construction project risk management 
must also be carried out taking into consideration 
the concept of sustainable development. So that the 
planned project can achieve a sustainable 
construction project and can support sustainable 
development targets [10]. 

To achieve sustainable development, 
construction project risk management must be 
carried out with respect to the objectives of 
Sustainable Development Goals, which achieve 
sustainable development and lift people out of 
poverty. In an effort to alleviate poverty, it must be 
accompanied by economic growth, so that all kinds 
of risks that could adversely affect economic 
growth must be well managed, including those 
related to disaster risk and vulnerability in the 
development plan. This is because disaster can be a 
significant threat in achieving and sustaining 
development plans and objectives [11]. 

Based on the results of the review literature as 
described above, it can be seen that the risk 
management effectiveness factor in the oil and gas 
pipeline project is 3 (three) aspects of the main 
pillar of sustainable development system consisting 
of environmental, social and economic aspects, in 
addition there is one other important factor which 
is Disaster factors. For those, the four factors must 
be considered thoroughly and integrated at the 
design, construction and operational stages. 

The method of analysis used in this study was 
conducted using AHP. To apply the AHP, in this 
case the stages are carried out in accordance with 
the stages arranged in the AHP method. The AHP 
stages are: 

1. Define the problem and determine the desired 

solution 

In many researches, it has been known that 
there are problems related to risk management 
application in oil and gas industry project which is 
not systematic and ineffective. Based on this, in 
this study will analyze how effective risk 
management application. From the results of the 
identification obtained variables in this study is 
divided into 3 (three) parts. namely: 
a. Goal: Effectiveness of Risk Management  
b. Criteria: Environment, social, economic and 

disaster factors 
c. Sub Criteria: Design, construction and 

operational 
2. Create a hierarchical structure that begins with 

the main purpose. 
Variables that have been identified must be 
arranged in the hierarchy as can be seen in the 
figure 1. 
3. Calculate the priority evaluation value 

After the hierarchy is composed, the next step is 
to calculate the priority evaluation value with 
create a pairwise comparison matrix that describes 
the relative contribution or influence of each 
element to the above-stated objectives or criteria, 
and calculate the eigenvalues and test their 
consistency. 

 
 

 
 

 
 

Figure 1. Structure of The Research Hierarchy 
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The calculation is operated on each 

questionnaire result obtained from each responder. 
After that, calculate the eigenvectors and check the 
consistency of the hierarchy. 
4. Calculate the priority Vector Evaluation 

Value of Factors 

After obtaining the priority value of the criteria 
to subcriteria calculation results, then further 
perform a calculation for Priority Vector Value. 

The four factors in the three stages are then 
analyzed using Analytical Hierarchy Process 
(AHP). To obtain analytical data, these factors are 
arranged in a questionnaire and addressed to the 
Senior Pipeline Engineer and Senior Inspection 
Engineer. The data is then processed in the form of 
pairwise comparison of each criterion and sub 
criteria so that the weight of each factor and each 
stage of the project has been identified. The final 
step that must be done in the AHP stage is to check 
consistency, if the consistency value is <10% then 
the research is considered consistent and can be 
accounted for. For the stages in the research can be 
seen in Figure 2 

II. METHOD 

The effectiveness of risk management in this 
study is reviewed from the literature review that the 
effectiveness of risk management can be seen from 
the concept of sustainable development. From the 
literature review results can be seen there are 4 
(four) factors that must be considered in the 
application of risk management effectively at the 
design stage, construction stage and operational 
phase. 

III. RESULTS AND DISCUSSION 

1. Data Analysis 

The first step in the analysis using the ahp 
method is to collect data in pairs comparison based 
on the hierarchy that has been prepared as in figure 
1. while the data input done in this research is 
based on the average result from the questionnaire. 
The first pairwise comparison is performed on the 
criteria stage. From the results of pairwise 
comparison in the criteria stage we can know the 
weight of environmental factors is 14%, social 
factors is 40%, economic factors is 15% and 
disaster factors is 31%. The results are obtained 
based on the results of calculations in table 1. 

After computation of pairwise comparison and 
consistency check on criteria stage, then also done 
the same thing in sub criterion stage. 

As for the calculation phases at the sub criteria 
stage can be seen in table 2, table 3, table 4 and 
table 5. While for the weighting results of each 
stage in sub criteria can be seen in table 6. From 
the table 6 it can be seen that the design weight of 
57%, Construction weight of 33% and operating 
weight of 10%. 

From the calculated weights obtained, it can be 
described in the hierarchy as can be seen in figure 
3.  
2. Sustainable development system and risk 

management effectiveness 

The importance of risk management in the 
pursuit of sustainable development objectives 
encourages researchers to examine them with 
different methods. Al-Khalil et al (2005) developed 
the concept of risk management with the AHP 
(Analytic Hierarchy Process) method that can 
support the decision making system on the 
maintenance aspects of the oil and gas pipeline 
network so that the pipeline project can survive by 
taking into account the quality of pipes and 
environmental conditions [12]. Nielsen (2006) 

Figure 2. Flow Diagram of Research Start 

Identify problems and goals 

Concept and theory review 

Identify variables 

Data collection 

Data analysis (AHP) 
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presents the concept of risk management in a 
pipeline project that not only deals with political 
and economic benefits but also on community 
needs and environmental conditions so as to 
achieve sustainable projects. The results of research 
conducted with theoretical statistical techniques 
show that risk management can be used 
comprehensively and effectively in project 
management to reduce the impact of emerging risks 
[4]. 

In the oil and gas pipeline project there is a 
dangerous failure so that required methods that can 
predict and failures that exist. Parvizsedghy and 
Zayed (2015), proposed a Neurofuzzy method that 
proved able to predict leak-related and explosive 
failures that impact on financial and environmental 
conditions. The method can be applied in the 
planning and maintenance phase. Failure in the 
pipeline project can also be caused by the theft of 
oil and gas through pipelines [13]. Therefore Hasan 
(2016) performs risk analysis using AHP (Analytic 
Hierarchy Process) which can support in decision 
system on aspect of improvement of pipeline 
network security and optimize security cost [2]. 

Based on the results of the previous research 
review as described above, the effectiveness of risk 
management in achieving sustainable construction 
projects can be done by integrating project risk, 
environmental risk and disaster risk.  

 
IV. CONCLUSION 

From the results of the discussion has been 
known that from 4 (four factors identified, social 
factors have a weight of 40%, then the second 
highest weight is the factor of disaster by 31%, the 
third is the economic factor with the weight of 15% 
and the last is the environmental factor With a total 
weight of 14%. Whereas at the sub-criteria stage it 
is known that the biggest weight lies in the design 
phase, which is 62%, the second in the construction  
 
stage with the weight of 26% and the lowest weight 
is at the operational stage, with weight of 12% 

The result is directly proportional to the toeri on 
sustainable development proposed by Abduh 
(2007), which mentions sustainable development as 
a development concept that aims to provide a better 
quality life for all people, both at present and also 
in generation in the future come [9]. So in this case 
social factors should be a priority in the design 
phase of the oil and gas pipeline project. 
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Effectiveness of RM Environment Social Economic Disaster Weight 

Environtment 1 1/2 1/2 1/2 14% 

Social 2 1 3 2 40% 

Economic 2 1/3 1 1/4 15% 

Disaster 2 1/2 4 1 31% 

 
 

 
ENVIRONMENT Design Construction Operational Weight 

Design 1 2 6 55% 

Construction 1/2 1 7 37% 

Operational 1/6 1/7 1 7% 

 
 

 
SOCIAL Design Construction Operational Weight 

Design 1 2 4 53% 

Construction 1/2 1 5 37% 

Operational 1/4 1/5 1 10% 

 
 

 
ECONOMIC Design Construction Operational Weight 

Design 1 7 6 75% 

Construction 1/7 1 2 15% 

Operational 1/6 1/2 1 10% 

 
 

 
DISASTER Design Construction Operational Weight 

Design 1 3 7 53% 

Construction 1/3 1 6 37% 

Operational 1/7 1/6 1 10% 

 
 

 
Factor Environment Social Economic Disaster Weight 

Design 0.08 0.21 0.12 0.16 0.57 

Construction 0.05 0.15 0.02 0.11 0.33 

Operational 0.01 0.04 0.02 0.03 0.10 

 
 
 
 
 
 

Table 1. Pairwise Comparison and Calculate the Consistency Ratio of Criteria 

Table 2. Pairwise Comparison and Calculate the  Weighted Sum Vector of Environment to Sub Criteria 

Table 3. Pairwise Comparison and Calculate the Weighted Sum Vector of Social to Sub Criteria 

Table 4. Pairwise Comparison and Calculate the  Weighted Sum Vector of Economic to Sub Criteria 

Table 5. Pairwise Comparison and Calculate the  Weighted Sum Vector of disaster to sub criteria 

Table 6. Calculate the Weighted of Sub Criteria 
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Figure 3. The Weight in The Hierarchical Structure 
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