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ABSTRACT
As China's energy needs keep climbing, the oil and gas pipeline transport industry has been booming. The efficient and safe 
operation and management of these pipelines is vital for energy security. This paper reviews domestic and international research 
on oil and gas pipeline operation and management. It focuses on key technologies like sensor technology, data analysis, 
machine learning, and corrosion assessment and life prediction. It also discusses existing challenges and forecasts optimization 
strategies and development trends based on predictive maintenance and intelligent digitalization. The aim is to provide a 
reference for enhancing the operational efficiency and safety of pipeline management.
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1　Domestic and international research status of oil and gas pipeline operation and management

In recent years, China has made significant progress in oil and gas pipeline operation and management. For example, 
Gong et al. Proposed a pipeline monitoring system based on fiber optic sensors, which can monitor temperature and 
strain changes in real time and detect potential safety hazards. In addition, Zhou et al. developed a fully intelligent 
inspection system based on drone remote sensing and deep learning, greatly improving the efficiency and accuracy of 
pipeline inspection. In data analysis, Tu et al. optimized the operational efficiency of oil and gas pipelines using big data 
analysis, achieving significant economic and social benefits. Guo et al.analyzed the corrosion and perforation failure of a 
production well central tube in an oilfield through macro analysis, material analysis, etc., providing new technical ideas 
and methods for domestic oil and gas pipeline corrosion prevention.

Internationally, scholars and enterprises have conducted in-depth research on sensor technology, data analysis, 
machine learning, etc., and have extensively applied these technologies to pipeline leakage detection, fault diagnosis, 
and operational optimization. For example, Columbia Pipeline Company in the United States used the GE Predix platform 
and PV software to achieve real-time risk management. Abroad, important achievements have also been made in the 
research of non-contact pig passage indicators for subsea pipelines. For instance, Guo et al. developed a non-contact pig 
passage indicator based on ultrasonic principles, which can accurately determine the passage of pigs or internal detectors 
in subsea pipelines, providing a more efficient and accurate monitoring method for subsea pipeline cleaning operations.

Pipeline corrosion assessment and remaining life prediction have become a common research focus both domestically 
and internationally. Guo et al. comprehensively assessed corrosion conditions and predicted the remaining life of 
pipelines by analyzing pipeline conditions, corrosion media, corrosion products, and utilizing multiphase flow simulation 
(e. g., OLGA) and corrosion prediction software (e. g., ECE), thereby providing a scientific basis for pipeline maintenance 
and management.

2　Research status of key technologies for oil and gas pipeline operation and management

2.1　Sensor technology

By installing various sensors on pipelines to collect physical information such as temperature, pressure, strain, and 
vibration in real time, sensor technology provides data support for pipeline operation status monitoring. For instance, 
fiber optic sensors, with advantages like anti-electromagnetic interference, high precision, and distributed measurement, 
can continuously monitor temperature and strain along pipelines and detect abnormalities in a timely manner. Guo et al. 
developed an ultrasonic non-contact pig passage indicator for subsea pipelines. Using ultrasonic sensors to collect 
pipeline noise and vibration signals, it accurately determines the passage of pigs or internal detectors, offering a new 
example of sensor technology application in pipeline operation and management.
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2.2　Data analysis technology

Data analysis technology extracts valuable information from large amounts of pipeline operation data through mining 
and analysis, enabling fault diagnosis, operational parameter optimization, and integrity management. Common 
methods include statistical analysis, pattern recognition, and data mining. Guo et al. in their study on internal corrosion 
assessment and remaining life prediction of a platform ’ s natural gas pipeline, used OLGA software for multiphase flow 
simulation and analyzed parameters such as flow pattern, temperature, and pressure. This provided strong support for 
pipeline corrosion risk assessment and life prediction, demonstrating the in-depth application of data analysis technology 
in pipeline corrosion management.

2.3　Machine learning algorithms

Machine learning algorithms establish a mapping relationship between fault characteristics and fault types to monitor 
and predict pipeline operation status in real time. For example, neural network algorithms can be used for pipeline 
leakage detection and location, and support vector machine algorithms for fault diagnosis. Guo et al. employed ECE 
software to predict the corrosion rate of natural gas pipelines and estimate the remaining life. This approach likely 
involves machine learning algorithms, serving as a reference for their application in pipeline life prediction.

2.4　Corrosion assessment and life prediction technology

Corrosion assessment and life prediction technology evaluates the current corrosion status of pipelines and predicts 
their remaining life using models and software. Guo et al.analyzed the corrosion and perforation failure of a production 
well central tube in an oilfield through macro analysis, material analysis, water quality analysis, corrosion product analysis, 
and corrosion simulation experiments. They identified the causes of corrosion and proposed improvement measures. Guo 
et al. further used multiphase flow simulation and ECE software to predict the internal corrosion and remaining life of a 
platform ’ s natural gas pipeline, providing a scientific basis for pipeline maintenance and management.

3　Research status of optimization strategies for oil and gas pipeline operation and management

3.1　Predictive maintenance model development

A predictive maintenance model based on multidimensional data takes into account pipeline operation status, 
historical fault data, environmental factors, etc. It predicts the probability and timing of pipeline failures through 
mathematical models and risk assessment methods. This facilitates the formulation of rational maintenance plans and 
resource allocation schemes, enabling effective management of pipeline risks and optimization of resource allocation. 
Guo et al. ’ s research on internal corrosion assessment and remaining life prediction of a platform ’ s natural gas pipeline 
offers new ideas for predictive maintenance models. Accurately assessing pipeline corrosion status and predicting 
remaining life can lead to more scientific maintenance scheduling and resource allocation.

3.2　Effect evaluation of optimization strategies

Economic and Environmental Benefits: The implementation of optimization strategies helps reduce pipeline operation 
costs, improve economic efficiency, and lower the risk of leakage accidents and environmental pollution. By rationally 
planning maintenance, unnecessary inspections and resource waste can be avoided, thereby further enhancing the 
economic efficiency of pipeline operations. For example, advanced corrosion assessment and life prediction technologies 
can precisely identify high-risk areas, enabling targeted maintenance and repair. This reduces resource input while 
lowering accident risks.

Enhancing Pipeline Safety and Stability: Advanced technologies and optimized management strategies, such as non-
contact ultrasonic pig passage indicators and fiber optic sensors, can detect and address potential pipeline safety hazards 
in a timely manner. This enhances pipeline stability and reliability, thereby providing a robust guarantee for national 
energy security. Guo et al. ’ s analysis of corrosion perforation failure in a production well central tube emphasized the 
importance of timely detection and handling of pipeline corrosion. Optimized management and maintenance strategies 
can effectively prevent similar accidents and ensure safe and stable pipeline operation.

3.3　New intelligent and digital optimization strategies

Intelligent Monitoring and Management Systems: With the development of the Internet of Things (IoT), big data, and 
artificial intelligence, oil and gas pipeline operation and management are moving toward intelligence. Intelligent 
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monitoring and management systems integrate data from various sources, including sensor data, satellite remote sensing 
data, and drone inspection data, to achieve real-time monitoring and intelligent analysis of pipeline operational status. 
For example, using machine learning algorithms to predict pipeline leakage risks and taking preventive measures in 
advance can improve pipeline safety and reliability.

Digital Platforms and Decision Support Systems: Establishing digital platforms to centrally manage and analyze 
pipeline data across the entire lifecycle—from design and construction to operation and maintenance—provides a 
scientific basis for decision-making. Decision support systems provide optimization solutions and decision-making 
recommendations for pipeline operation and management through data mining and analytical techniques. This helps 
managers better cope with complex operating environments and diverse management requirements.

4　Conclusions and outlooks

This paper reviews the research status of oil and gas pipeline operation and management and draws the following 
conclusions. Oil and gas pipeline operation and management is crucial for ensuring energy security and promoting 
economic development. Significant research achievements have been made both domestically and internationally, 
encompassing novel sensor technologies, data analysis techniques, machine learning algorithms, as well as corrosion 
assessment and life prediction methodologies. However, challenges remain in the practical application of these 
technologies, including integration difficulties, insufficient adaptability to complex operating conditions, and the 
complexity of model development. Additionally, enterprises face obstacles in adopting and implementing new 
technologies. Despite these issues, these key technologies have broad application prospects in oil and gas pipeline 
operation and management. Future research and development should focus on enhancing the performance and 
reliability of these technologies.
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