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Abstract
Liquids such as water, chemicals,oil, and gas are mostly transported via pipelines worldwide. It is considered one of the.
fastest, cheapest, and most reliable methods of ransporting o and gas. One of the major threats to this form of transpor-
tation of liquids s leakage due to vandalism or deteroration causing economic loss,environmental amages,and loss of
5 and properties.To mitigate these threats, several techniques have been proposed. This systematic review analysed
the various principles and approaches of pipeline leakage detection and monitoring. Furthermore, relevant standard,

taxonomy of different methods of monitoring, and leakage detection of oil and gas in pipelines were discussed; their
merits, performance and limitations were also discussed. Kitchenham literature search strategy was adopted to search
relevant academic databases using various principles of inclusion and exclusion criteria to filter unaligned artcles. It was.
found that integrating two or more techniques enhances the efficiency, effectiveness and accuracy of detecting and
monitoring leakages in pipeline. Finally, this review concludes by outlining potential ways for future researchers based
on the limitations and findings of the reviewed articles.
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the various principles and approaches of pipeline leakage detection and monitoring. Furthermore, relevant standard,
taxonomy of different methods of monitoring, and leakage detection of oil and gas in pipelines were discussed; their
merits, performance and limitations were also discussed. Kitchenhar lterature search strategy was adopted to search
relevant academic databases using various principles of inclusion and exclusion criteia o filter unaligned articles. It was
found that integrating two or more techniques enhances the eficiency, effectiveness and accuracy of detecting and
monitoring leakages n pipeline. Finall, this review concludes by outlining potential ways for future researchers based

on the limitations and findings of the reviewed articles.
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1 Introduction

‘The increasing worldwide demand for petroleum products since the nineteenth century has led to the construction of
‘e networks to meet market needs.In the view of Valery et a.[114], the market need for il and gas is expected to
continue growing as several countries are expanding and building new industries for economic reasons, The transporta-
tion of petroleum and natural gas has always been a significant concern for both the government and industries because
it requires major investments [16]. From an environmental, economic and safety view point,pipeline could be considered
one of the safest, cheapest and reliable method of transportation of oil and gas [43]. Pipeline networks traverse through
tens to thousands of miles, carrying oil and gas from one region to another, with such length, there are increases in the.
chances of damage by corrosion, vandals or industrial defects which can have disastrous effects on humans, animals,
economy and environment. Aibinu et a. 5] described 2 pipeline as a path, medium or channel through which liquid fluids
are conveyed from one point to another. Several oil- producing countries depend on oil and gas as sources of Internally
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Generated Revenue (IGR). The significance of pipelines to diverse sectors of a nation's economy cannot be overempha-
sized. Hence the need for an effcient, effective and automatic means ofidentifying leakages in a imely manner.

This study presents a bibliometric and systematic iterature review of the principles, approachesand analyss of pipe-
line leakage detection and monitoring. Therefore, this study aims to presents the following outcomes:

Taxonomy of pipeline monitoring and leakage detection.
I, Analysis associated with the various principles and approaches of p
iometric and comprehensive systemati

e leakage detection and monitoring.
literature review for pipeline leakage detection and monitoring

The subsequent parts of the paper are organized as follows: Sect. 2 outlines the analysis of existing related surveys
and bibliometrics, Sect. 3 details the principles and approaches of the research methods,the taxonomy of the pipeline.
leakage detection and monitoring are described in Sect. 4, Sect. 5 unresolved research problems and Sect. 6 concludes.
the article.

2 Existing related surveys

‘This section presents existing relevant surveys and some lteraturein the feld of pipeline monitoring and leakage detec-
tion research. The taxonomy, references, bibliography, and survey covered are shown in Table 1 and Fig. 2.

Sharma et al. [100] conducted a systematic lterature review on the current state of pipeline leakage detection in gas
pipelines using cloud technology with an Internet of Things (loT) ecosystem. The authors explored the various non-
sensor and, sensor-based, oT techniques and systems used for leakage detection of gas content n pipeline, thei rela-
tive weaknesses and strengths. The authors also review the current challenges and trends i leakage detection of gas
pipelines and recommend future research directions to enhance the system efficiency,relabilty and accuracy. Qurthobi
etal. (93] proposed a systematic review of acoustic techniques for identifying mechanical faults in industrial machinery.
‘The authors further classified the causes of acoustic mechanical failures by analysing the principles, approaches, and
techniques, identified gaps in existing literatures and recommended the potentialareas of research to work on. Korlapati
etal.(63] dwelled on the review and analysis of pipeline leakage methods and suggested ritical areas to consider for
potential future research. Khald et l. 58] presents comprehensive review of gas pipeline leakage detection and mon-
toring techniques used for identifying faultsin pipelines. The authors analysed the techniques and identified the pros
and cons of recently used techniques in identification of faults in pipeline and recommend areas to work on by future
researchersin order to come up with lasting solutions and reform to oil and gas sector from prospective of inspection,
security, surveillance and emergency response. Mutiu et al. [82] summarises cutting-edge achievements and recent
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sensor and, sensor-based, oT techniques and systems used for leakage detection of gas content ine, their rela-
tive weaknesses and strengths. The authors also review the current challenges and trends in leakage detection of gas
pipelines and recommend future research directions to enhance the system efficiency,relabilty and accuracy. Qurthobi
etal. (93] proposed a systematic review of acoustic techniques for identifying mechanical faults in industrial machinery.
The authors further clasified the causes of acoustic mechanical failures by analysing the principles, approaches, and
techniques, identified gaps in existing literatures and recommended the potential areas of research to work on. Korlapati
etal.(63] dwelled on the review and analysis of pipeline leakage methods and suggested ritical areas to consider for
potential future research. Khalid et a. (58] resents comprehensive review of gas pipeline leakage detection and moni-
toring techniques used for dentifying faults n pipelines. The authors analysed the techniques and identified the pros
and cons of recently used techniques in identifcation of faults in pipeline and recommend areas to work on by future
researchersin order to come up with lsting solutions and reform to oil and gas sector from prospective of inspection,
security, surveillance and emergency response. Mutiu et a. [32] summarises cutting-edge achievements and recent
advances in moder pipeline monitoring and leakage detection techniques The authors also highlighted the weakness
and strength of different technologies for monitoring and detecting leakage in pipelines;identify gaps, and open issues
and recommend potential deas for development of rliable eak detection system.

Zheng et al. [130] condlucted a scientometrics'analysis of bibliographic datasets of leak detection and localzation in
oiland gas pipelines. The authors further identified the most current literatures techniques and their challenges. The
authors alo classified the techniques using a comprehensive and systematic literature review, summarized relevant
standards of monitoring and detecting leaks in oiland gas pipelines, rovided a lowchart or slecting leakage detection
methods identifythe strength and weakness of each technique, iscussed the performance of each method in detail and
recommended potential directions forfuture research. Zaman et l.[128] submission focused on review ofcritcal evalu-
ation and performance-oriented of pipeline leakage detection principles conveying different types of fluids, analysed
and classfied an extensive array ofak detection methods with thei technicalites, and recommended enhancements
of various methods of eak detection techniques to achieve desired results. Al-Sabacc et al. (5] presented a systematic
literatur review that focused on the novelty of using deep learning methods such as Artifical Neural Networks (ANNs),
Hybrid Machine Learning (HML) algorithms and Support Vector Machines (SVMs) to predict different pipeline falures
in oiland gas companies. The authors further explicit the utilzation of machine learning techniques parameters as well
asdatarliabiltes A-Sabaeci et l. (] further anayse the|
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causes of leakages in underground pipelines, and sinkholes and the effectiveness of Wireless Sensor Network (WSN) in
detecting and localization of leakages as well as sink holes.
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