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Abstract 

With the rapid development and in-depth application of advanced technologies such as 
the Internet of Things, big data, cloud computing, and artificial intelligence, smart 
pipeline have become an inevitable trend in the construction and operation of the 
pipeline industry in the future. This article introduces the development background of 
smart pipeline in the oil and gas pipeline industry, sorts out the current situation of 
smart pipeline technology development, explains the key technologies of smart pipeline 
by combining the China-Russia Eastern Route smart pipeline example system, and sorts 
out the supporting pipeline "full digital handover, full intelligence The key technologies 
and phased results of "operation and full life cycle management" provide reference for 
the continuous advancement of the intelligent construction and development of China's 
pipelines. 
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1. Introduction 

At present, the construction and operation management of domestic long-distance oil and gas 
pipelines has got rid of the traditional construction and operation mode and comprehensively 
utilizes information and automation technology to realize the digitalization of pipeline 
construction and operation, which can reach the technical level of informatization, 

networking and visualization, that is, digital pipeline. In recent years, with the rapid 

development of advanced technologies such as the Internet of Things, big data, cloud 

computing, and artificial intelligence, higher requirements have been placed on pipeline 

construction, and more urgent requirements have been placed on pipeline operation reliability. 

Digital pipelines need to be further intelligent. Development, smart pipelines will be the future 

development direction of the pipeline industry. Based on this, this article starts from the 

perspective of pipeline technology, combined with the Sino-Russian East Route natural gas 

pipeline engineering examples and understanding of modern information technology, 
preliminary thoughts on some problems in the construction of intelligent pipelines in the oil 
and gas pipeline industry in my country, and formed some understanding and View. 

2. Background of Smart Pipeline 

In recent years, with the development of information technology, the concept of naming 
"wisdom" has sprung up in various fields of human society. In this era from Informatization to 
intelligence, the oil and gas pipeline industry with technology-intensive characteristics put 
forward the concept of smart pipeline is an inevitable choice to meet the requirements of the 
times. In November 2008, IBM put forward the concept of Smart Earth; in August 2009, it 
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released the "Smart Earth Wins in China" plan, officially unveiling the prelude to IBM's "Smart 

Earth" China strategy. At present, IBM's "Smart Earth" strategy has been universally 

recognized by all countries in the world, and technologies such as the Internet of Things, cloud 

computing, artificial intelligence, and blockchain, which are closely related to the "Smart 

Earth", have become the focus of many countries in formulating their development strategies[1]. 

Against this background, in April 2011, the Ministry of Industry and Information Technology, 

the Ministry of Science and Technology, the Ministry of Finance, the Ministry of Commerce, 
and the State-owned Assets Supervision and Administration Commission jointly issued the 
"Opinions on Accelerating the Deep Integration of Informatization and Industrialization", 
which proposed to Intelligent development is the direction of long-term efforts to integrate 
informatization and industrialization. It promotes the application of new-generation 
information technology such as cloud computing and the Internet of Things, and promotes the 

intelligentization of industrial products, infrastructure, key equipment, process management, 
and the collaborative sharing of manufacturing resources and capabilities. The industrial chain 
has jumped to the high end. In March 2015, Premier Li Keqiang's government work report put 

forward the concept of "Internet +" for the first time, marking the rise of "Internet +" as a 
national strategy and also announcing that China has officially opened the "Internet +" era. In 
July 2015, the State Council issued the "Guiding Opinions on Actively Promoting Internet + 

Actions", which proposed to give full play to the role of the Internet as a platform in promoting 

industrial upgrading and the deep integration of informatization and industrialization, to 

promote the reform of production methods and development models, and to determine the 

Internet +11 key actions including smart energy. Subsequently, the National Development and 

Reform Commission, the Energy Administration and the Ministry of Industry and Information 
Technology jointly issued the "Guiding Opinions on Promoting the Development of "Internet +" 
Smart Energy", proposing to use "Internet +" as a means to promote energy and information 

based on intelligence. Deep integration to promote the development of new technologies, new 

models and new business forms of the Energy Internet. For oil and gas pipelines, smart 
pipelines are the main development direction in the future and an important part of smart 
energy. 

The new round of information technology revolution represented by the Internet of Things, 

cloud computing, and next-generation Internet technologies is the development of information 

technology in the direction of intelligence and integration, the development of information 

networks in the direction of broadband and integration, and the high integration of 
information technology and other industrial technologies Provides an important technical 
foundation. The "smart pipeline" is the product of a new round of information technology 
reform and the further development of the knowledge economy. It is a manifestation of the in-
depth integration of industrialization and informatization and moving to a higher stage [2]. 

Pipeline intelligence refers to the organic integration of advanced technologies such as sensor 
measurement, industrial control, mobile communications, Internet of Things, simulation, 

optimization, big data, and machine learning with oil and gas pipelines at various stages of 

pipeline construction and operation to form intelligent perception , Self-adaptable, optimized 
and balanced integrated management and control system. Its core is to comprehensively 
improve the real-time ubiquitous perception of pipelines. Through the construction, 

maintenance and management of digital twins that co-exist and grow with physical pipelines, 
in-depth analysis and efficient management of pipeline big data are realized for the 
construction and operation of pipelines throughout their life cycle. Management provides 
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scientific and timely risk pre-control and optimization decision support to ensure the safe, 
stable and efficient operation of pipelines. 

3. Development status of the smart pipeline 

3.1. Overview of foreign countries 

The construction of smart pipelines in foreign developed countries started early and basically 
kept pace with the progress of information technology. The Internet of Things, big data, and 
cloud computing technologies have been extensively adopted throughout the entire life cycle 
of pipeline construction and operation, and a large number of construction results have been 
achieved. The United States has established a unified geographic information system (GIS) to 
integrate geographic environment data and pipeline data, and at the same time connect with 

other information systems (such as pipeline network model systems, equipment management 

systems, video surveillance, etc.) to achieve unified management of all pipeline operating 
dynamic data. General Electric and Accenture jointly launched the world's first "Smart Pipeline 
Solution" in 2014, which was applied by Columbia Pipeline Company, one of the largest 

pipeline operators in the United States, in 2015. The intelligent pipeline solution integrates a 

geographic information system, production system, risk management system, equipment 

condition monitoring system, and combines with external data, such as weather, earthquake, 
and third-party activity information. The integrated data has an open data structure and can be 
Provide real-time digital reference for pipelines. Through this solution, users can integrate 
forecasting functions to provide support for future pipeline decisions. 

3.2. Domestic Overview 

my country's smart pipeline construction is still in the early stages of development. The three 
major oil companies of PetroChina, Sinopec, and China National Offshore Oil Corporation have 
fully mastered relevant technologies in digital pipelines and can build digital pipelines. 
PetroChina was the first to carry out the construction of digital pipelines. It was first applied in 
the Jining tie line of the West-East Gas Pipeline in 2004, and then used real-time data collection 
and pipeline network operation monitoring in projects such as the West-East Gas Pipeline and 
the China-Myanmar Oil and Gas Pipeline to achieve centralized monitoring. And run scheduling. 
Sinopec began the construction of digital pipelines in 2007, first applied to the Yuji pipeline, 

and then fully promoted on the Sichuan-East Gas Transmission Pipeline, building a 
professional pipeline geographic information system with data covering all pipelines and 
ancillary facilities. Due to the nature of its business, CNOOC has fewer independent operating 

pipelines, and the digitalization results are not yet complete. Digital technology is mainly used 
in the field of LNG receiving stations. 

In November 2014, China Petroleum and Chemical Corporation (Sinopec for short) officially 

launched the smart pipeline construction project, and completed the research and 

development of six functions of digital management, integrity management, pipeline 

operation, hidden danger management, emergency response, and comprehensive 
management. The project attaches great importance to data standardization and business 
process template cation. Through new construction, standard adoption and expansion, a set of 

intelligent pipeline standard system frameworks covering four categories of data, technology, 
business, and training has been formed. The intelligent pipeline has the alarm function of 
pipeline defects and hidden dangers, can understand the situation of the accident site in time, 

monitor the production and operation of the accident pipeline in real time, grasp the dynamics 
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of accident handling in real time, and control the impact and loss of the accident to the greatest 
extent. 

On June 15, 2017, at the Sino-Russian East Route Natural Gas Pipeline Project Management 

Seminar, PetroChina announced that it will rely on the Sino-Russian East Route natural gas 

pipeline project to start the construction of smart pipelines to realize digital handover, 

intelligent operation, and full life. Cycle management, fully promotes the construction of smart 

pipelines, and open the curtain of China's oil and gas pipelines from digital pipelines to smart 
pipeline construction [3]-[6]. 

4. China-Russia East Route Natural Gas Pipeline Project 

4.1. Engineering background and significance 

The China-Russia East Route Natural Gas Pipeline Project is a major strategic project personally 
decided and promoted by the heads of state of China and Russia. It is another beautiful business 
card of China's pipeline "going to the world". This project is the first large-scale natural gas 
long-distance pipeline designed with a large diameter of 1 422 mm, X80 high steel grade, 

12MPa high-pressure , and a large transmission capacity of 380×108 m3/a in the world. "The 

highest, the highest pressure, the largest output, and the longest mileage" is of great 

significance for ensuring national energy security, optimizing the energy structure, enhancing 

the ability to ensure supply, and winning the battle against the blue sky. 

The China-Russia Eastern Route is an important strategic cooperation project to establish a 
comprehensive China-Russia energy partnership. At the 2014 CICA Summit, China and Russia 

issued a joint statement: With the joint and determined efforts of both sides, , China-Russia 
relations have been upgraded to a new stage of comprehensive strategic partnership of 
cooperation. The two sides will take new measures to improve the level of practical cooperation 
and expand the scope of practical cooperation; continue to work hard to promote the bilateral 
trade volume to reach US$1,000×108 by 2015 and US$2,000×108 by 2020; establish a 

comprehensive China-Russia energy partnership Relations, further deepen sub-cooperation in 

the oil field, and start Russia's supply of natural gas to China as soon as possible. 

The China-Russia Eastern Route is an important project for constructing China's northeast oil 
and gas strategic channel. After its completion, China's natural gas imports will form four 

strategic channels in the northeast, northwest, southwest and offshore. The realization of a 
diversified natural gas import pattern is of great significance to China's energy security. . The 
construction of the China-Russia Eastern Route not only opens up new resource channels in 
eastern China, but also connects Russian natural gas resources with key gas markets in 

Northeast China, the Bohai Sea Rim, and the Yangtze River Delta, which will ensure the safety 
of natural gas supply in these regions. 

As China's first smart pipeline design pilot project, the China-Russia Eastern Route is superior 

to the already-built pipelines in terms of informatization, automation, and intelligence. In the 

process of large-scale construction of China's oil and gas pipeline network, the level of 

standardization, modularization, and informatization have been continuously improved. The 

transformation from traditional pipelines to digital pipelines has been completed, and 

digitalization of design, construction mechanization, electronic material extraction, and 
management information have been realized. During the engineering design process of China-
Russia Eastern Route, with the goal of full digital handover,full life cycle management,and full 

intelligent operation,with the help of mobile terminal + cloud computing + big data cloud 

platform construction,data information is integrated to build full life cycle information The 
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system's intelligent integrated application platform has opened a new journey for the design 
and construction of China's smart pipeline and smart pipe network [7]-[8]. 

4.2. Key technologies of China-Russia Eastern Route Smart Pipeline 

Since the construction of the China-Russia East Route Natural Gas Pipeline Project, focusing on 

the goal of "full digital handover, full intelligent operation, and full life cycle management", 

we have made every effort to tackle key scientific and technological problems, actively 

promote the application of new technologies, new processes, and new products, and make 
steady progress. The intelligent construction of pipelines has achieved more prominent phased 
innovations, and at the same time promoted the upgrading and transformation of pipeline 
construction and operation management models. 

4.2.1. All-digital handover 

The all-digital handover is to open up the data transmission interface between the design cloud 
platform, the pipeline construction management system, the pipeline integrity management 

system, the pipeline digital twin, etc. by constructing the pipeline digital model, using the 

Internet of Things, industrial Internet and other information methods. Realize the data 

association and sharing between platforms, promote the real-time online transfer of data 

during the construction period to the management during the operation period, ensure the 

seamless connection of data management, and provide a comprehensive, detailed and reliable 
data foundation for the intelligent operation of pipelines. 

(1) Data backflow and completion delivery 

The China-Russia East Route Natural Gas Pipeline Project has opened up the data transmission 
interface between the pipeline construction management system (PCM) and the three-
dimensional visualization platform, cloud design platform, and pipeline integrity management 

system (PIS). In the design stage, the construction drawings are handed over to the PCM 
system after the design is completed to guide the on-site construction operations. In the 
construction phase, the data generated by the on-site construction will be returned to the cloud 

design platform in time, and the return data will be verified through the completion data 

storage, verification algorithm, data mining and other technologies to realize the difference 
analysis between the completion data and the construction drawings. Reduce as-built data 
errors and redundancy, and provide real data on-site for project as-built drawings and three-

dimensional pipeline digital models. After the completion of the construction, the three-
dimensional model of the design stage and the data information in the PCM system of the 
construction stage (such as welding, anti-corrosion, buried depth, etc.) will all be transferred 

to the PIS system, and the as-built data will be automatically generated through the digital 
design platform to complete the as-built drawing. Provide accurate and true digital pipeline 
assets for subsequent operation and management. 

(2) Digital twin construction 

The system creates digital twins for pipes, digital twins for equipment, digital twins for control 

systems, and digital twins for stations, and is implemented simultaneously with the 
construction of the China-Russia East Route Natural Gas Pipeline Project. Carry out data 
collection at the stages of feasibility study, design, procurement, and construction under a 

unified data standard, and complete the construction of static digital twins through digital 

design cloud platforms, smart construction sites, PCM systems, and data return, and move 
data along with the operation period The continuous update and enrichment of the pipelines 
follow the entire life cycle of the pipeline to co-exist and grow, and realize the all-digital 
transfer of the pipeline [9]-[11]. 
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4.2.2. Fully intelligent operation 

Fully intelligent operation is based on the characteristics of the pipeline's own business. By 
improving the automatic operation level of the core control system of the pipeline, the 
pipeline's ability to perceive and warn of various risks and potential hazards are 
strengthened,and the remote operation and maintenance intelligence of centralized 

monitoring, centralized inspection, and centralized maintenance is innovatively implemented. 
The new model promotes the overall improvement of pipeline operation management level and 
comprehensive  operational  benefits. 

(1) Real-time ubiquitous perception ability 

Independently develop an intelligent video surveillance system to realize remote monitoring of 
on-site operations and intelligent identification of dangerous factors; promote the application 
of drone inspections,which effectively strengthen the safety inspections in areas with difficult 

traffic such as snow,woodlands,and swamps; develop optical fibers Safety early 

warning,optical fiber leakage monitoring,and optical fiber perimeter security products 
provide integrated solutions for risk prevention and control; design and deploy cathodic 
protection intelligent test piles to improve the remote monitoring and professional 
management capabilities of the pipeline cathodic protection system; establish The remote 
online monitoring and fault diagnosis system for key equipment realizes real-time tracking and 
intelligent perception of the operating status of important equipment such as compressor units, 

electricity,and metering.  

(2) One-button start and stop of the compressor station 

Based on the localization of the core control system's complete set of software and hardware, 
it independently overcomes the series of key technologies such as compressor load distribution 
control, station control and compressor control system network architecture, and complex 

subsystem efficient distribution control, and solves the "large lag" in compressor speed. 
Problems such as “overshoot” ensure the smooth communication of core control systems such 
as station control, compressors, frequency conversion, and air cooling. For the first time in 

the domestic pipeline industry, one-key start and stop of compressor units and one-key start 
and stop of compressor stations have been realized the first time the domestic pipeline industry. 
The implementation of the new management model of "unmanned operation" in the station 
provides technical support [12]. 

4.2.3. Full life cycle management 

Full life cycle management runs through all stages of pipeline design and construction, 

completion and commissioning, operation scheduling, emergency maintenance, etc., through 

intelligent construction sites, internal inspection before commissioning, remote fault 

diagnosis and other means, continue to accumulate pipeline foundation and process data, and 
achieve full pipeline business throughout the pipeline The integrated sharing and deferred 
inheritance of information, and through systems such as visual interaction, simulation, and 

transportation optimization, ensure the safe, stable and efficient operation of the pipeline 
from the perspective of decision-making management. 

(1) Smart construction site 

Strengthen the construction of the Internet of Things in the construction process, develop a 

welding joint information authentication system, generate a QR code on the spot, and 
customize an exclusive "ID card" for each welding joint to truly realize the traceability of the 
welding joint quality; the welding unit is equipped with a GPS positioning module, all The 

coordinates of the operating point are clear at a glance, and the management personnel can 
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navigate to any welding construction site autonomously; establish a video monitoring system 
for the unit and the operating point, which can play, store and replay key processes such as 

welding and anti-corrosion in real time, which strengthens the tracking and control of the 

operation project; Unit operation process data collection system, supporting development of 

historical working condition database, to realize project progress, supervision inspection, 

unit status and construction parameters (such as welding preheating temperature, current, 

voltage, anti-corrosion patch temperature, sandblasting air pressure, etc.) Remote 
supervision and management [13]. 

(2) Optimized operation of pipeline network 

In terms of the research on the optimization of the monthly plan of the natural gas pipeline 
network, it has innovated and formed a general steady-state operation optimization 
technology based on the classification and linearization of the pipeline network. The start-up 
plan of the compressor unit and the reduction of pipeline energy consumption provide 
important technical support. At present, we are continuing to carry out technical research and 
strive to achieve overall and full-time optimized operation of the pipeline network. 

5. Conclusion 

For intelligent pipelines, the pipeline industry has not yet formed a broad and unified 

understanding, but this does not affect the pipeline's intelligent development process. 
Intelligentization has become a major trend in the world's scientific and technological 
development. It is also a major trend in the pipeline industry in the future. It is to improve 
pipelines Effective ways of intrinsic safety and operational benefits should be actively faced and 
deepened, and the ability to comprehensively apply new concepts, new theories and new 

technologies should be improved. At present, the construction of smart pipelines in my country 

is still in its infancy. The construction of smart pipelines should be carried out step by step, 

with shortcomings analyzed, steadily advanced, and smart applications should be gradually 

realized. It is necessary to strengthen the construction of the personnel team, break the 

inherent thinking style, improve the existing management model, and adapt to the future 
development needs of smart pipelines and smart pipe networks. As the first smart pipeline 
design pilot project, the China-Russia East Route Natural Gas Pipeline Project explored the 

construction of smart pipelines and smart pipeline networks, created multiple records in the 

global oil and gas pipeline industry, and created a design concept based on the pipeline 
network model. China-Russia East Route The successful experience of the company will become 
a valuable asset in the history of world pipeline construction. 
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