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Abstract. Continued low oil prices and the demand for green and low-carbon
development have put forward urgent requirements for the traditional oil and gas
industry to upgrade its productionmodel. In recent years, with the deep integration
of emerging technologies such as 5G, Internet of Things, artificial intelligence,
cloud computing, big data, edge computing and the energy sector, new opportu-
nities and challenges have been created for the traditional oil and gas industry
to seek industrial upgrading, and digital transformation and intelligent develop-
ment have become a way to achieve oil and gas fields Digital transformation and
intelligent development have become the inevitable trend to achieve high quality
development of oil and gas fields. As a guarantee unit for seasonal peaking and
emergency gas supply in the Beijing-Tianjin-Hebei region, Jidong Gas Storage
is responsible for the stable delivery of natural gas energy supply in the region.
The non-linear relationship between gas supply capacity and formation pressure
changes in natural gas storage reservoirs makes accurate regulation extremely dif-
ficult; the frequent changes of gas injection and extraction wellbore conditions
make the control of wellbore integrity a IFEDC-202315047 2 great challenge; the
non-linear changes of formation supply capacity in upstream storage reservoirs
and the rapid changes of downstream customer demand make the ground system
load fluctuate greatly, making it difficult to ensure the smooth operation of the
pipeline network. In the face of these challenges, exploring the construction of an
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intelligent gas storage reservoir with integrated and coordinated regulation of the
ground, wellbore and formation is the best solution to meet this demand.

Keywords: Gas storage digitized · ground engineering · Digital delivery · 3D
visualization · intergrated datamanagement

1 Present Situation of Intelligent Gas Storage Construction
at Home and Abroad

1.1 Global Gas Storage Construction Status

As countries gradually shift from coal to clean energy natural gas in a large number of
industrial and civil scenarios, and rapidly increase natural gas imports, how to safely
reserve and timely dispatch natural gas is increasingly important. In summer, when the
gas storage is traditionally filled, with the arrival of the winter heating season, the gas
storage reserve will be emptied in winter, which involves the safe and stable operation
mechanism of the gas storage.

There are 400 gas storages in the United States, 20 in Russia, Ukraine, Germany,
Italy, Canada, France and China. There are many types of gas storage, of which the
highest proportion of abandoned gas fields is 76%, the aquifer structure is 13%, the salt
cavern is 6%, and the abandoned reservoir is 5%. The market-oriented operation mode
of gas storage in Europe is relatively mature, all of which are operated by gas storage
operators. There are 54 gas storage operators, including 14 operators in Germany, more
than 4 operators in Austria, the Netherlands and the United Kingdom, and only one gas
storage operator in 12 countries.

Since the outbreak of the war between Russia and Ukraine in February 2022, the EU
has faced the risk of relying on Russian natural gas and Russia ’s reduction of natural gas
supply, prompting the European heating season to fill the gas storage capacity to more
than 80%. Germany is the EU ’s largest gas storage location, in this particular context
by November reached 95% of the gas storage.

1.2 Construction Status of Foreign Intelligent Gas Storage

After decades of development, foreign gas storage construction technology is more
mature. The intelligent function of gas storage focuses on the whole life cycle manage-
ment and control of gas storage management. Starting from the numerical simulation
analysis of target oil and gas reservoirs, the intelligent control decision is established by
means of neural network to realize the intelligent production and injection allocation of
gas storage, and gradually optimize the whole cycle operation and management mode
of gas storage.

1.2.1 Czech RWE Company Intelligent Gas Storage Scheme

RWE Gas Storage CZ (RWE) is the largest natural gas storage operator in the Czech
Republic. It has developed an integrated platform with Schlumberger [1]. The platform
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includes data center and gas storage engineering analysis function realized by data min-
ing technology. It can automatically perform history matching to predict gas reservoir
parameters, determine formation constraints, and predict maximum injection and pro-
duction gas volumes. It can realize active intelligent gas storage management functions
such as over-limit alarm, production prediction and optimization scheme push.

1.2.2 Dutch Bergermeer Intelligent Gas Storage Scheme

Research on dynamic mechanism model around digital twin is one of the important
directions of intelligent gas storage. Based on the dynamic simulation technology of
digital twin, the Bergermeer gas storage in the Netherlands has developed a decision
support and prediction system [2], which provides a virtual model consistent with the
field operation, predicts and intervenes in the production plan data, and predicts the
future dynamic changes of the system in real time based on the process system to assist
in supporting the field operation and decision-making.

1.2.3 Italian SNAM Company Intelligent Gas Storage Solution

SNAM, Italy ’s national gas pipeline network company, independently developed the
ARPOS system [3], which can display the entire gas storage system 360°, monitor oper-
ating parameters in real time and perform intelligent diagnosis and provide optimization
solutions. The system integrates functions such as data visualization display, multi-level
trend gas storage operation trend, and oil and gas well performance evaluation.

1.3 Domestic Intelligent Gas Storage Construction Status

The construction of gas storage in China started late. At present, the number of gas
storage (group) has reached 17, 38 new gas storages will be added in the future, and the
working volume will exceed 40 billion cubic meters. The construction of intelligent gas
storage in most companies is also in the exploratory stage.

1.3.1 Hutubi Intelligent Gas Storascheme

Hutubi gas storage in Xinjiang is the largest natural gas storage in China.In the process of
design, construction and operation of the gas storage, the Internet of things and big data
technology are fully applied, and the functions of data acquisition, state monitoring,
risk early warning and remote centralized control are integrated to realize the unat-
tended operation of single well and distribution station, improve production efficiency
and safety factor, and reduce operation cost. Through the construction of automatic
production, digital office and intelligent management, the Hutubi gas storage has estab-
lished a newmanagement mode of single well unattended+ regional centralized control
+ remote support and cooperation of control center. At present, one gathering station,
three distribution stations and 45 single wells have realized the construction of digital
stations. Build an intelligent office platform, accurately grasp the operation status of
the production process through the platform, and make production adjustments through
historical data analysis.
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With the help of digital construction, Hutubi gas storage actively responds to
extremely cold weather and increases supply guarantee. Technical personnel use intelli-
gent office platform to carry out " one well, one policy " management of gas production
wells, do a good job in fine analysis of geology, temperament and water quality, pay
close attention to gas production wells and formation pressure changes, and ensure the
maximum injection and production capacity.

1.3.2 Xiangguo Temple Intelligent Gas Storage Scheme

With the help of wired production network and IOT control technology, the Xiangguosi
gas storage reservoir integrates numerical simulation models of gas reservoir, wellbore
and ground on the basis of digital platform, uses advanced big data, cloud computing,
artificial intelligence, image recognition and other technologies, builds an intelligent
gas storage cloud platform supporting digital twin, establishes a three-in-one dynamic
simulation system, divided into three levels: collection and injection station, gas stor-
age management office and research institute The system is divided into three levels,
i.e., gathering station, reservoir management office and research institute, and realizes
the functions of production management, operation optimization, safety control, staff
training and operation management in five aspects, i.e., “one platform”, “three levels”
and “five aspects”. The aim is to realize the four intelligent functions of “comprehensive
perception, automatic control, trend prediction, and optimal decision-making” [4, 5].

2 Implications of Digital China Construction Practice for Gas
Storage Digital Transformation

In recent years, a new generation of digital technologies, represented by mobile Inter-
net, cloud computing, big data, etc., has been deeply integrated with traditional indus-
tries such as transportation, finance, retail, manufacturing, etc., creating more high-
quality new industries and new models, and playing an increasingly important role in
the transformation of China’s economic growth from “high speed” to “high quality”.
This has played an increasingly important role in the process of transforming China’s
economic growth from “high speed” to “high quality”. At the same time, digital tech-
nology is gradually spreading from the economic field into other areas of practice such
as government management and enterprise transformation, expanding horizontally and
extensively. Innovations are emerging and fruitful, producing more successful cases in
strengthening the people’s “sense of access” and enhancing the core competitiveness of
traditional enterprises.

Industry, academia and research circles have carried out a series of exploration and
research work around the basic logic of how digital technology can empower the change
of traditional productionmode, and have refined somemore scientific guidelines to guide
the implementation of digital transformation in the industry.

In his “Theory of Data Elements” [6], Rong Ke summarizes the newly emerged
factors of production (land, labor, capital, knowledge, technology, management, data)
in the evolution of the agricultural economy, industrial economy, and digital economy
from the perspective of economic history, based on the assertion that “the contradictory
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movement of productive forces and production relations is the fundamental driving
force for the continuous development of human society”, In addition, it also compares
data resources with traditional resources such as land, labor, capital, knowledge, and
technology across history, elements, and forms, and then proposes specific ways to build
a data ecology, discusses the importance of data elements for building a newdevelopment
pattern and promoting high-quality economic development based on a new development
stage, and also provides an opportunity for It also provides a referenceway for enterprises
to scientifically use data elements to upgrade their production and organization models.

In the period of global digital transformation, countries in Europe and the United
States have introduced digital government innovation strategies, aiming to build an intel-
ligent governance system led by digital governance. China also attaches great importance
to the important role of government digital transformation in driving the moderniza-
tion of national governance capacity. iShenzhen, Guangdong Provincial Affairs, Zheli
Office, Yu Express Office, Digital Fujian and a series of digital technology-based gov-
ernment management practices, based on data integration and algorithms as the core,
reshape the organizational form and responsibility system of government, public gov-
ernance boundaries, governance capacity and governance technology, and government-
enterprise interactionmechanism, etc., and have achieved remarkable results. The results
are remarkable.

Central enterprises are generally larger in size and have more complex business
processes, management decisions, organizational models, and industry chain synergies.
More and more central enterprises are exploring the digital transformation of their enter-
prises and have released strategic plans or roadmaps for digital transformation. A prelim-
inary statistical analysis of the digital transformation strategy plans of 62 central enter-
prises shows that at this stage, the focus of digital transformation of central enterprises in
several fields is on strengthening data management. Central enterprises are committed to
building complete, efficient and secure data management platforms and systems, imple-
menting data sharing, mining data value, and providing scientific support for enterprise
decision-making, thereby reconfiguring business models and empowering enterprise
development. Specifically, the focus of the digital transformation of central enterprises
is to take data management as the core, gradually realize the digital transformation of
business and promote the upgrade of digital services and transformation.

In response to the practical achievements of digital transformation in various indus-
tries, the 19th Party Congress pointed out the important direction of building “Digital
China”, and in October 2019, the 4th Plenary Session of the 19th Party Central Commit-
tee established data as a factor of production for the first time; the 14th Five-Year Digital
Economy Development Plan released by the State Council in 2021 further pointed out
that data is the core engine of digital economy. In February 2023, the Central Committee
of the Communist Party of China and the State Council issued the Overall Layout Plan
for the Construction of Digital China, proposing the overall framework of “2522” for
the construction of digital China [7–10], based on the application practices of various
industries. The plan emphasizes that data is the core driver of enterprise transformation,
and traditional enterprises should learn from the digital China construction plan, focus
on data infrastructure construction and data resource integration, sharing and utiliza-
tion, realize business data digitization, process digitization and decision digitization,
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and promote digital transformation; the overall framework of digital transformation is
clarified, and the overall framework provided by the overall layout plan of digital China
construction provides guidance and reference for enterprises to Digital transformation
provides guidance and reference, emphasizing that digital transformation should focus
on the adjustment of organizational structure and management system. The digital trans-
formation of enterprises needs to focus on the adjustment of organizational structure and
management system, and the concepts of digital governance, digital organization and
digital talent proposed in the overall layout plan of digital China construction can provide
reference for the digital transformation of enterprises.

3 Analysis of Intelligent Gas Storage Construction Strategy

3.1 Analysis of Gas Storage Business Management Activities

The purpose of intelligent gas storage construction is to optimize the business manage-
ment capability of gas storage, improve the operational efficiency of gas storage, and
reduce the operating cost and risk. Around this goal, figuring out the key pain points of
the management of each business link of gas storage and introducing data technology
to empower the business management process reengineering of gas storage is the key to
do a good job of intelligent gas storage construction.

Compared with oil and gas field development and construction, the construction of
gas storage reservoirs started late and the supporting technologies are still immature,
facing many challenges, one of which is the complex geological conditions, broken
tectonics, burial depths generally greater than 2500 m, and strong non-homogeneous
reservoirs. The second is that the ground injection capacity is 5–10 times that of oil
and gas wells of the same scale, and the block pressure of the reservoir is high and
the components of the extractables are complex, so it is difficult to select and smoothly
control the core equipment of the ground high-pressure large-scale injection and extrac-
tion during the operation period; the third is that it is difficult to analyze and complete
the optimization of the reservoir injection and extraction operation from the aspects of
market demand, block pressure difference, energy efficiency, etc.; the fourth is that the
risk of safe operation is large. Fourth, the risk of safety operation is great. The alternate
injection and extraction of large volumes of gas, pressure cycle changes are likely to
cause geological instability, well control failure and ground equipment failure, how to
real-time warning of formation, wellbore, ground facilities abnormalities, and prevent
accidents is difficult. The traditional construction and production management model
is no longer able to meet these challenges. The introduction of digital technology and
the construction of intelligent gas storage suitable for the construction and production
management model of gas storage in Jidong Oilfield will effectively promote the rapid,
orderly, efficient and safe construction of gas storage [11–16].

3.2 Analysis of the Key Points of Intelligent Gas Storage Construction
Management in Jidong

The accurate control of core business activities and the accurate control of core business
management bottlenecks is fundamental to the good management of gas storage, and is
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also the main point of concern for the construction of intelligent gas storage. By summa-
rizing the management problems encountered during the whole process of gas storage
construction in the past two years, we analyze that the construction and operation of
Jidong gas storage urgently need to improve the management efficiency in the following
aspects:

3.2.1 Key Points of Management During the Construction Period of Jidong Gas
Storage

During the construction period of the gas storage reservoir, it is necessary to optimize
the sharing of the work results of the geological, engineering and ground design teams
as well as the communication channels among the various departments involved in the
construction of the gas storage reservoir, to strengthen the selection of equipment, and
to enhance the efficiency of long-cycle equipment procurement to ensure the speed of
gas storage construction.

Effective coordination among all parties involved in the construction of gas storage
is the basis for the efficient construction of gas storage. The construction of gas storage
is a comprehensive system project involving multiple professions and disciplines, which
requires collaborative evaluation and selection in terms of reservoir capacity demonstra-
tion, compressor energy efficiency, comprehensive economic benefits, reliability design
of drilling and completion engineering solutions, and design of ground engineering con-
struction solutions. The research results of each profession support each other and there
aremutual constraints, how to let each department in the process of professional research
work in a timely manner to understand the dynamics of other professional work results
and research index adjustment, timely feedback to the work of the professional state-
ment to the brother professional response, will be able to efficiently mobilize resources
to ensure the quality of gas storage construction and construction efficiency of the key.
The research and construction period cross-professional research results sharing and
standardized query platform, the construction of “engineering construction community
of fate” digital ecosystem will be the most effective means to supplement the traditional
management means across time and space management inefficiency.

Equipment procurement and selection is another key management point in the con-
struction period of gas storage, and the cost performance, reliability and procurement
efficiency of equipment selection are the main requirements in this stage. Due to the
late start and small scale of the domestic gas storage construction, there is less research
and development of equipment for the complex components of the gas storage and
the production characteristics of “alternate injection and extraction, large injection and
extraction, high pressure operation”, and there is a lack of high-pressure large injec-
tion and extraction core equipment with superior performance in the market. Equipment
selection, how to quickly grasp the dynamics of the market input of high-quality equip-
ment in line with the operating conditions of gas storage, is the key to enhance the quality
of gas storage construction; part of the construction of gas storage long-cycle equipment
(6–12 months) whether timely delivery into the key factors that restrict the construc-
tion of gas storage can be put into operation on schedule. Under the premise of clear
design requirements, how to realize efficient collaboration among construction units,
operation units, material procurement units and bidding units, compress the technical
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capability assessment, price assessment, quality assessment, bidding and procurement
cycle of long-cycle materials, save procurement cost and ensure equipment quality is the
key management pain point during the construction period; the massive static parame-
ters of equipment and construction process information are the important guarantee for
equipment management and safety management during the operation period of gas stor-
age. It is important to monitor and evaluate the leakage, corrosion, failure and process
hazards of each key node of gas storage wells and ground, which need to be collected
and collated from the design stage of gas storage scheme, and it is another key point
of management during the construction period to realize the cooperation among all par-
ties involved in the construction of gas storage and complete the data collection with
high efficiency and quality. Therefore, the construction of a set of comprehensive con-
trol platform for equipment and facilities to solve the problems of supplier information
assessment, cost performance evaluation of supply products, control of basic equipment
parameters, detection and early warning of equipment operation indexes will effectively
improve the quality of equipment procurement and selection management.

3.2.2 Key Points of Jidong Gas Storage Operation Management

The management objectives of the Jidong gas storage reservoir during the operation
period are mainly focused on providing stable and reliable peak regulation and supply
assurance capability, realizing a highly reliable integrity management capability of the
trinity of geology, wellbore and ground during the operation of the gas storage reservoir,
and exploring a set of highly efficient and high-level operation management mode.

Therefore, the focus of work during the operation period of gas storage has three
main points. The first is to focus on the research of the digital twin model of gas storage
reservoirs. Based on reservoir seepage research andwellbore-surface constraints, wewill
promote the study of underground and surface storage numerical simulation, and dynam-
ically evaluate the technical indicators, safety operation parameters, and optimized oper-
ation parameters of each node based on reliable numerical simulation models. Second,
focus on the optimization of operation and scheduling technology research. In view of
the dynamic changes in demand for peak regulation and supply protection, as well as the
bottlenecks in the production capacity of each node in the underground, wellbore and
surface process equipment and facilities of gas storage, we will strengthen the construc-
tion of the production command platform, build an integrated production and scheduling
platform with source data collection and multi-disciplinary coordination and integration
that is adapted to the operational characteristics of gas storage, achieve a high degree of
sharing of production source data, real-time control and real-time decision-making, and
use information technology to realize the operational indicators of gas storageAutomatic
analysis and statistics, intelligent production and injection of injection and extraction
wells, dynamic warning of wellbore safety of injection and extraction wells, monitoring
and warning of ground equipment and facilities, and dynamic control to ensure effi-
cient operation and management of gas storage, as well as to enhance the scientificity
of operation and scheduling decisions; third, focus on safe operation and management
of gas storage. Large-scale alternate injection and extraction of gas storage, pressure
cycle fluctuations are prone to destabilization of the reservoir geological structure, well
integrity failure and ground equipment failure, resulting in accidents. JidongGas Storage
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insists on scientific means to manage gas storage and digital means to improve the safety
management efficiency of gas storage. By integrating the management requirements of
three sets of technical documents, namely “Digital Delivery Specification for Oil and
Gas Field Ground Engineering”, “Integrated Management Measures for Equipment and
Facilities of Jidong Oilfield Company”, “Pipeline and Station Integrity Management”
and “Integrity of Wellbore and Geological Body”, a set of above-ground and below-
ground management documents is resolved. The data form of reservoir stratigraphic,
wellbore and ground integrity management is integrated to meet the safety management
requirements of gas storage construction and operation throughout the life cycle, and
data collection and analysis are continuously carried out from the initial planning and
design, project construction to the later production and operation of the whole life cycle
to form data asset management, and based on the conclusion of data analysis, the risk
evaluation of gas storage is done, remediation measures are formulated, and the con-
struction of integrity system is promoted to ensure the safe operation of gas storage. To
ensure the safe operation of gas storage reservoirs. The work direction includes geo-
logical integrity management, injection and extraction well integrity management, and
surface equipment and facility integrity management. Geological integrity management
focuses onmonitoringwhether the reservoir is sandy, the possibility of well wall collapse
data, the production pressure difference of injection and extraction wells, and using the
relationship between inventory and formation pressure to comprehensively evaluate and
verify whether there is leakage in the reservoir. Injection and production well integrity
management is mainly concerned with the three annular air pressure monitoring, annular
fluid analysis, annular fluid level monitoring, wellhead corrosion monitoring and other
work, the establishment of injection and production wellboremonitoring baseline, track-
ing annular air abnormalities. So as to achieve the purpose of reducing and preventing
accidents and guaranteeing the safe operation of gas storage. The integrity management
of ground equipment and facilities is mainly to improve the management of basic static
data resources for ground process facilities and pipelines, standardize the collection and
storage of regular testing and inspection data, determine the risk factors of gas storage
through systematic analysis of the working process of each node of the ground system
of gas storage, combine the results of statistical analysis of the causes of gas storage
failures and accidents at home and abroad, and, based on the results of risk evaluation,
target the existence of Based on the results of risk evaluation, preventive risk reduction
measures are formulated and implemented to ensure the safe production of gas storage.

4 Intelligent Gas Storage Construction Plan

Referring to the “2522” overall construction framework construction idea of the “Digi-
tal China Construction Overall Layout Plan”, Jidong intelligent gas storage construction
should pay attention to the “two basic” construction of digital infrastructure and data
resource system at the early stage of construction, and at the same time of data resource
construction improvement In the early stage of the construction of intelligent gas storage,
Jidongneeds to pay attention to the constructionof digital infrastructure anddata resource
system, and at the same time, while improving the construction of data resources, Jidong
needs to combine the key pain points of gas storage business management, and focus on
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the deep integration of digital technology with the management of gas storage construc-
tion process, the integrity management of gas storage stratum, wellbore and ground,
the efficient operation and dispatch of gas storage, and the optimization of production
dynamic analysis capability of gas storage, so as to create safe, efficient and high-level
gas storage operation and management capability.

4.1 Overall Architecture

The overall planning strategy for the construction of smart gas storage is divided into
two major phases according to the order of implementation:

The first stage is the construction of digital infrastructure and data resource system.
Through the analysis of the business requirements of gas storage construction and oper-
ation management, the digital infrastructure needed for the construction of smart gas
storage includes two aspects: first, it is necessary to focus on the construction of cost-
effective and highly reliable wireless network system infrastructure to ensure that gas
storage sites put in as many wireless sensors as possible to collect various operational
parameters of gas storage [17]; second, it is necessary to tackle the highly concurrent
IoT data storage and call solution to solve the problem of inconsistent data standards of
various PLC systems and DCS systems in gas storage reservoirs, and to realize real-time
and stable uploading of IOT data on data servers of each field station to the SCADA
system in the data center of gas storage reservoirs [18, 19].

The data resource system construction focuses on sorting out whether the various
types of data required for the efficient operation of gas storage reservoir business have
achieved database control, whether the data sources are unique and reliable, and whether
the data from various data sources can be integrated, etc. Through demonstration and
analysis, the data base of Jidong intelligent gas storage reservoir needs to do a good job
of building three major data resources, one is to do a good job of interconnection with
A1, A2, A4, and Jidong oil field regional data lake, which can efficiently call The second
is to build a static data resource base based on information collection of equipment and
facilities and ground engineering construction process, to realize the control of all equip-
ment and facilities of gas storage throughout their life cycle data, and to provide data
support for the digital delivery of gas storage, integrity management of field stations and
pipeline integrity management during operation; the third is to build an IOT database to
realize The third is to build an IOT database to realize real-time data collection of equip-
ment and facility operation parameters, provide data support for abnormal equipment
operation warning, and provide reference basis for reasonable regulation and control
of production operation. At the same time, it realizes real-time monitoring and early
warning of dynamic changes in the whole process of gas storage and extraction (forma-
tion, wellbore and ground), and provides data support for the construction of intelligent
applications for gas storage and digital gas storage. Based on the integration of the three
data resources, a trinity data base of “surface engineering - wellbore - underground (gas
reservoir)” is formed to support the construction of intelligent gas storage [20, 21].

The second phase focuses on the deep integration of digital technology and exist-
ing business management (intelligent application phase). Focusing on the construction
of three information platforms to enhance the operation and management capabilities
of gas storage reservoirs, one is the establishment of an information platform for the
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construction of gas storage reservoir ground projects, through the establishment of a
unified platform for collaborative collection, collaborative processing, and collaborative
release of project information to achieve the same source release and tracking of project
results, major changes, and project progress plans at all levels, the refinement of infor-
mation collection during construction, the standardization of management processes, the
strengthening of project construction processes The second is to build a digital manage-
ment platform for intelligent scheduling of production operations and dynamic analysis
of gas storage reservoirs to achieve efficient and high-level operation and scheduling
management; the third is to build a system integrity management platform to explore a
new mode of integrity management that integrates oil and gas reservoir, wellbore, and
ground, and to ensure the operational safety of gas storage. (See Fig. 1 for the overall
architecture of intelligent gas storage).

Fig. 1. General architecture of gas storage digitization

4.2 Data Ecosystem Construction Plan

The data ecosystem of gas storage is mainly divided into two categories, static data
and dynamic data, static data from the unified A1, A4 and Jidong Oilfield data lake,
digital delivery platform (new), dynamic data from the unified A2 and IOT data, through
data linkage, import and other different ways to form the data ecosystem of gas storage
(Fig. 2).

4.2.1 Static Data Resource Construction Program

Static data mainly refers to the design, procurement, construction and other engineering
information data generated during the whole process of engineering construction, and its
accurate control is necessary for good site integrity management and fine management
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Fig. 2. Analysis of digital delivery data flow in Jidong Oilfield

of equipment and facilities, asset management and other business during the operation
period of gas storage, the traditional management method is to store these data in the
form of paper documents in the archives with the completion of the project, and the data
guiding decision-making ability has not been given full play. Therefore, the best practical
way to solve this pain point is to carry out digital delivery to realize the standardized
management of engineering construction data.

Digital delivery mainly includes three aspects of work, which are to establish a
ground engineering digital resource center that can be called efficiently, to establish
a digital collaborative work platform, to establish a data visualization work platform,
and to use digital delivery results and digital modeling technology to quickly establish a
digital twin of engineering objects or entities in the physical realityworld and to correlate
with IOT data to further realize the operation of gas storage nodes in the The interaction
andmanipulation between the physical world and the digital world can realize automatic
sensing, intelligent control, digital operation and intelligent management of gas storage
operation (Fig. 3).

Fig. 3. Material control scheme of Jidong Oilfield
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4.2.1.1 Construction of static digital resource center for ground engineering
In the construction of static digital resource center for ground engineering of gas storage
reservoirs, the key is to form and improve the digital delivery technology support system,
mainly including: standardization of digital delivery, data collection process and tem-
plate, support for standardization and standardization of source data collection; based on
a unified platform, support for collaborative review and online evaluation of engineering
design with the participation of multiple parties, and realization of online annotation and
annotation of models and drawings It adopts mobile app technology to realize construc-
tion site data collection, automatic data acquisition and offline storage without network;
through the implementation of the “Digital Delivery Technology Regulations for Oil
and Gas Field Engineering of Group Companies” in Jidong Oilfield, it fully realizes
standardization, standardization and online audit and archiving of engineering data. It
supports the process approval of documents in the whole process of design, procurement
and construction, and the online generation and archiving of archival documents.

By integrating the business management requirements of CNPC’s “Technical Pro-
visions on Digital Delivery of Oil and Gas Field Ground Engineering”, “Pipeline and
Station Integrity Management” and “Integrated Management of Equipment and Facili-
ties of CNPC Jidong Oilfield Company”, the data of ground engineering construction is
standardized according to three dimensions of data type, data generating unit and data
attribution business scope, and 527 data forms are resolved. Among them, the data are
divided into structured data, semi-structured data and unstructured data according to
data type; the data are divided into owner unit, design unit, procurement unit, construc-
tion unit, inspection unit, supervision unit, monitoring unit, quality supervision unit and
digital delivery contractor unit according to data generation unit; the data are divided
into pipeline and site equipment data according to data attribution business scope, and
the pipeline equipment data are divided into valve, high consequence area Identification,
pipeline appurtenances, pipeline components, welding seams, monitoring and evalua-
tion, hydraulic protection, surrounding environment data, site equipment data is divided
into dynamic equipment, static equipment, skid-mounted equipment, thermal equipment,
fire equipment, self-control equipment.

4.2.1.2 Material whole process control function module construction program
The core of the construction of this function is to realize the effective collaboration
between multiple participating units (design unit, construction unit, bidding unit, mate-
rial supervisor, construction unit and suppliers) in the whole process of material procure-
ment through QR code, so as to improve procurement efficiency and improve the quality
of procured materials. The specific approach is to build online procurement process
flow, through the process control engine, the material demand plan development, mate-
rial procurement, delivery, storage,material clearance, installation and other processes to
complete the online circulation, online collection; construction of material information
collaborative collection, through the role to complete thematerial information entry, such
as for the same bit number of materials, the establishment of sub-authority entry inter-
face, design units to complete the design parameters collection, suppliers This avoids
the traditional problem that each department only establishes data ledgers related to the
business management of the department, and realizes the integration of material infor-
mation; establishes a full-cycle monitoring program for material status, and through the
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whole process of QR code, users can grasp the overall real-time status of project mate-
rials from all levels to achieve the purpose of material tracking management. Achieve
the purpose of material tracking and management [22, 23].

4.2.1.3 Digital Collaboration
Based on the standardized collection and management of data resources, digital collabo-
ration enables the owner and all parties involved in the construction to participate online
in the review of technical proposals (design, construction, etc.) and models at all stages,
improving the review efficiency and realizing the closed-loop processing of problems;
realizing the visualization of production operation parameters and on-site video mon-
itoring. For example, the document distribution collaborative process is shown in the
following figure VII Digital Collaboration (Document Distribution Process). The effect
achieved through the realization of digital collaboration: realize online collaborative
review of 2D drawings and problem pinning; realize online collaborative review of 3D
models and problem pinning; realize online distribution and transmission of 2D drawing
documents.

4.2.1.4 Data visualization
On-ground visualization realizes the association between 3D model and progress plan,
and realizes dynamic control of project progress plan through 3D progress visualization
simulation; meanwhile, the platform realizes the visualization display of key business
index information based on 3D model and business comprehensive statistical informa-
tion, provides intuitive and unified information display window for project management
personnel and project visitors, and provides an auxiliary means for project management
personnel to control the overall construction appearance of the project. Auxiliary means.

4.2.2 Dynamic Data Resources Construction Program

The dynamic digital resources required for the construction of intelligent gas storage
mainly include production parameters and dynamic monitoring parameters collected
by A2 system and real-time data such as pressure, flow rate, temperature, liquid level
and vibration collected by IOT equipment, which are the basis for tracking the dynamic
changes in production, warning the overrunning of production facilities and assisting the
decision of injection and extraction scheduling. Among them, A2 system is a dynamic
database that has been in mature application in the gas storage reservoir. Every day,
the basic data reflecting the production dynamics are entered into the system class by
the grassroots personnel, which is the basis for the dynamic analysis of the gas storage
reservoir carried out by various departments of the reservoir, but the data collected by
A2 system is coarse in granularity and not comprehensive enough to meet the real-time
warning of the operation status of the injection and extraction wells and production field
stations, and the abnormal state of the production facilities Therefore, it is necessary
to build a plant-level industrial data resource center to provide unified standard data
services for gas storage production management and production optimization to meet
the needs of efficient development and management of gas storage in the future.

Focusing on the requirements of intelligent applications on data quality and data
granularity, the focus of the construction of the plant-level industrial big data resource
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center is to consider the performance of the front-end intelligent instrumentation equip-
ment and DCS system, the communication protocol and network transmission quality
between the DCS and other regional data centers and the plant-level industrial big data
resource center, the data reading andwriting capability and data quality of the plant-level
industrial big data resource center.

Among them, the intelligent instrumentation equipment of the field station and the
construction of the DCS system, fully investigated the minimum requirements of the
oil and gas reservoir analysis department, production operation management and other
departments on the scope and frequency of data collection and data quality, combined
with the later business needs, it is clear that the intelligent instruments attached to the
injection and extraction wells all adopt wireless transmission, the transmission protocol
is rola, the frequency of equipment collection can be set as required, and the minimum
frequency of equipment collection is not In addition to the minimum requirements for
DCScontroller performance, controller operating load rate, processor switching stability,
real-time switch acquisition, real-time network transmission and other indicators, and
focus on the DCS system read and write performance, the DCS system is required
to meet the normal business needs. The DCS system is required to meet the normal
collection operation, and at the same time, it is also required to meet the higher-level
system batch data call operation without crashing, and all new DCS systems of gas
storage must provide OPC data transmission protocol to meet the data center can collect
data of intelligent equipment of each field station through the standard protocol.

The network transmission link construction includes two parts, one is the communi-
cation between the individual equipment and the DCS system of the site, and the other
is the communication link between the DCS system and the plant-level industrial data
resource center. Among them, the communication link with the plant-level industrial
big data resource center uses the company’s existing fiber optic communication, using a
dual link with one backup; the wireless communication between the equipment and the
field station DCS system, taking into account the communication distance, communica-
tion cost, easy control of strategy, good scalability, minimizing the scope of failure and
recovery time, reducing the overall TCO and other factors, using the wireless controller
AC (wireless Access Controller) + thin AP (wireless access point) wireless network
architecture, through the convergence switch and POE access switch, to achieve wire-
less terminal access and communication. Under this architecture, the wireless controller
provides unified configuration and management for APs.

The plant-level industrial big data resource center requires the data server with data
collection capacity above 100,000 points, plant-level data latency within 20 s, data
concurrent writing capacity above 100,000 points, data collection and storage support
distributed, meet the simultaneous access rights of 100 users, and the third-party appli-
cations can retrieve the data resources of the real-time data center in a stable and efficient
manner. And the data server can meet the OPC and other protocol docking.

4.2.3 Above-Ground and Underground Data Integration Management Scheme

The above-ground and underground data integration management subsystem takes
EPDM2.0 model standard and oil and gas field surface engineering digital delivery tech-
nology regulations as the integration service standard, and customizes the integration
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data service for each professional data on the basis of this integration service standard
to support each system application.

The system application part mainly includes underground data management, above-
ground data management, aboveground data visualization, and underground data visu-
alization. After logging into the integration portal through the unified authentication
service, users can enter each application module according to the assigned authority
(Fig. 4).

Fig. 4. Integrated management of above-ground and underground data

4.3 Intelligent Application Ecosystem Construction Plan

Based on the reliable quality of data resources, and based on the business pain points
exposed in the production management process of each section of the gas storage, the
intelligent application ecosystem of the gas storage is formed by empowering the orig-
inal production management process through information technology. The intelligent
application ecosystem mainly focuses on the construction and management of gas stor-
age ground engineering, the optimization of gas injection and extraction operation and
scheduling management capabilities, and the construction of intelligent applications to
improve the safety and production capacity of gas storage.

4.3.1 Integrated Intelligent Management of Gas Storage Projects

The construction goal of the integrated intelligent management module for gas storage
projects is to achieve the perfect project construction process data collection, online
display of project promotion constraints, and unified release of project goals and project
progress by building a shared information technology platform to eliminate the problem
of untimely and inaccurate access to project construction information by all parties
involved in project construction, which affects the overall construction efficiency of the
project and improves Project construction management capability.
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This function enables the creation, modification, application and sharing of projects
in the form of user rights and application side tomeet the needs of various positions in the
enterprise and maximize the management efficiency. Taking a single project as a unit, it
correlates information on data, drawings, progress, quality, safety, technology and cost in
the construction building process, forming a digitalmanagement solution for engineering
projects, providing data support for projects and realizing effective decision-making and
fine management. The main functions designed are as follows:

First, project schedule management. By inputting project schedule plan and generat-
ing Gantt chart simultaneously, it visually reflects the deviation of project schedule and
provides early warning for the project.

The second is the safetymanagementmodule, including safety system,man-machine
management, safety inspection, hazard sources, dangerous works, technical briefing,
which are the key concerns of project safety. It insists on the policy of safety first,
prevention first and comprehensive management, implements the work concept of safety
management by everyone and safety grasp by everyone, cuts into safety management
from various aspects, records the whole process of safety management, helps safety
personnel tomanagemore easily and efficiently; realizes data trace, data sharing, accident
warning, and prevention before it happens.

Third, the quality management module, including quality system, quality inspection,
technical delivery. It helps project managers to ensure project quality in all aspects, from
system establishment, to task responsible person implementation, to technical handover,
to quality hidden danger investigation before it happens.

Fourth, the filemanagementmodule. According to the project acceptance and archiv-
ing document specification required by oilfield ground engineering construction, stan-
dardized filemanagement process. It contains functionmodules such as document recep-
tion, pre-assembled files, archivingmanagement and basic settings, etc. It receives exter-
nal electronic documents through local uploading of attachments, and realizes automatic
assembling of files by setting file classification and assembling rules in advance to meet
thewhole processmanagement fromdocument reception, arrangement to final formation
of electronic files.

Fifth is the intelligent site module. Using wireless network to integrate HD cam-
eras, drones, mobile helmets and other video image data into the smart site platform to
realize the functions of multi-departmental cross-regional remote supervision of con-
struction site status, occasional spot-checking of construction situation, live and remote
command of drones for major dangerous operations, and post-facto traceability of con-
struction problems on the same webpage, and applying image recognition technology of
deep learning algorithm to the construction site violation monitoring field [24] to solve
the common construction violations with automatic warning and further promote the
management quality of project construction sites.

4.3.2 Intelligent Production and Operation Management

The objective of the intelligent production operationmanagementmodule is to establish a
standard work page, integrate and display the work results among multiple departments,
promote management synergy among multiple departments, realize digital enhance-
ment of key operations such as geological research of gas storage reservoirs, injection
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and extraction regulation and control, transmission difference trend tracking, peak regu-
lation optimization and wellbore integrity management, accurately control the changes
of production indexes at each node, intelligently analyze production operation abnor-
malities and scientifically to make production control decisions. Based on this goal, the
intelligent production operation management module includes a collaborative produc-
tion operation and scheduling management module, a gas reservoir dynamics analysis
module, and a gas injection and extraction formation and wellbore abnormality warning
management module.

Among them, the goal of the collaborative production operation and scheduling
management module is to realize the automatic production of technical reports required
for operation management and dynamic warning of transmission difference changes.
By calling real-time data from the Internet of Things and dynamic monitoring data
in the A2 database, it realizes automatic generation, query, statistics and analysis of
technical reports required for the operation and management of gas storage reservoirs
to support the speed and quality of daily scheduling decisions for the production and
operation of gas storage reservoirs; at the same time, by integrating real-time flow data
and cumulative flow data from flow meters at each node, it visualizes the changes in
the operation of gas injection and extraction of each gas storage reservoir as well as the
changes in the transmission difference of each At the same time, by integrating the real-
time flow data and cumulative flow data of each node, it can visualize the changes of gas
injection and extraction operation of each reservoir as well as the trend of transmission
difference of each reservoir, assist multiple departments to reach a unified understanding
of transmission difference changes and take timely control measures in response to the
trend changes.

The objective of the gas reservoir dynamic analysis module is to empower geolog-
ical managers with information technology to improve the efficiency of injection and
extraction well and reservoir dynamic analysis, and to improve the efficiency of dynamic
assessment of reservoir capacity. The design functions include one-click generation and
loading of basic data from common software for gas reservoir management and analysis,
online generation of key technical charts for gas reservoir dynamic analysis, and early
warning of abnormal parameters for gas reservoir operation [25].

The objective of the construction of the early warning management module for gas
injection and extraction stratigraphic, wellbore, and surface abnormalities is to realize
real-time dynamicmonitoring of daily operating parameter abnormalities and to improve
the safety management capability of gas reservoir operation. This is done by realizing
real-timemonitoring and early warning of formation andwellbore annular pressure data,
and monitoring and early warning of surface sand emergence monitor data to realize
the function of quantitative risk assessment of formation and wellbore integrity and to
guarantee the production safety of gas wells.

4.3.3 Integrated Management of Gas Storage Equipment and Facilities

The goal of integrated management of gas storage equipment and facilities is to
strengthen the ability of fine-tuned control of the whole life cycle of equipment and
facilities, to enhance the ability of pipeline and equipment integrity management as the
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target orientation, and to build business function modules such as integrity data man-
agement, high consequence area management, and integrated management of the whole
life cycle of equipment based on business requirements to achieve accurate control of
gas storage equipment and facilities.

With the improvement of equipment refinement management requirements, the oil-
field has an increasingly urgent need for static data consistency, traceability of man-
agement information, controllability of safety status, development and application of
dynamic data and auxiliary decision support of various types of equipment. Through
the construction of gas storage system integrity, it will achieve the standardization of
gas storage equipment data and support the digitization of gas storage business and
visualization of equipment management.

Equipment data standardization: Based on the static data transferred from the digital
delivery platform, standardized data management of pipelines and equipment is real-
ized; the digitally delivered equipment is classified andmanaged, and different classified
equipment is provided with different attribute templates for management, so that equip-
ment data is standardized and standardized. According to the concept of the whole life
cycle of equipment, digital applications are established for each major link of equipment
management, based on comprehensive evaluation of field stations, using IOT technology,
with the goal of accurate operation and maintenance of equipment and dynamic control,
planning to achieve automatic collection of equipment IOT information, remote control
of key equipment, comprehensive coverage of security facilities, and standardized man-
agement level of equipment dynamic and static information to promote scientific and
healthy management of equipment and ensure equipment In the process of gas storage
construction and production operation tomaximize the effectiveness; from decentralized
management to unified management and from passive maintenance to active prevention.

Equipment-related master data integration: through the development of equipment
basic ledger management function, build a unified equipment data collection portal
and the ability to provide equipment ledger data service to other application systems;
through the development of real-time production data management platform, form a
clear “organization - production area - process equipment - real-time point The logical
mapping relationship of “organization - production area - process equipment - real-time
points” is formed; while maintaining the equipment ledger, the association between
IOT data and the equipment itself is realized, which provides the basic conditions for the
subsequent big data development and utilization scenarios such as production equipment
fault monitoring and operation efficiency analysis.

Business digitization: through the high consequence area identification management
module, realize the integrated management of the whole process of pipeline high con-
sequence area identification information reporting, evaluation and release; realize the
integrated management of the whole life cycle business of equipment and facilities, and
reduce the workload of equipment and facility management.

Management visualization: realize pipeline visualization based on GIS map, associ-
ated query function, and static data information of pipeline related ontology and affiliated
facilities by way of layers; combine with GIS map, realize hierarchical display of high
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consequence area location information and query display of related information; pro-
vide comprehensive statistical analysis charts of equipment multi-class data and data
management kanban.

5 Application Scenarios

After the completion of the digitalization of gas storage, it will play a supporting role
in the business management of the construction period and operation and maintenance
period of gas storage business, and will be widely used in production management,
operation management, geological drilling and extraction, ground engineering and other
business scenarios (Fig. 5 Application scenario analysis).

Fig. 5. Application scenario analysis

6 Research Conclusion and Outlook

The following conclusions are obtained through the research and analysis of the business
pain points of the construction andoperationmanagement of Jidonggas storage reservoir.

Drawing on the experience of intelligent gas storage construction at home and abroad,
the construction of an intelligent platform based on multi-data collection and fusion
sharing, with digital twin as the core, to realize the collaborative control of gas storage
stratum, wellbore and surface operations, real-time online monitoring and early warning
of safety risks and technical indicators, and intelligent analysis and decision making will
be a necessary path for digital operation of gas storage.

Intelligent gas storage construction needs to focus on planning to ensure the scien-
tific nature of construction and cost performance. At present, the domestic construction
of intelligent gas storage is in its infancy, the field is still a blue ocean, in many aspects
of information technology construction work can achieve better results, but at this stage
should bemore cautious to promote the construction of information technologywork, the
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need to systematically analyze the status of various aspects of the business management
of gas storage, to catch the key pain points that restrict the level of business manage-
ment of gas storage improvement, and based on this, to clarify what is the gas storage
The construction of gas storage must be synchronized with the construction of informa-
tion technology infrastructure, which is the key infrastructure can significantly improve
the efficiency of the information technology construction of gas storage, which is the
urgent need to improve the business management capacity of gas storage information
technology construction functions.

Intelligent gas storage construction needs to do a good job of digital resource con-
struction. Because the business management characteristics of gas storage reservoirs are
different from the focus of traditional oil and gas field business management, the data
system developed for traditional oil and gas field management cannot better meet the
requirements of refined management of gas storage business, and in order to support
multiple business disciplines to reduce the threshold and workload of information con-
struction, it is recommended that in addition to improving the traditional oil and gas field
data collection work such as A1 and A2, a new set of equipment and facility-based full
In order to support multiple business disciplines to reduce the threshold and workload
of information construction, it is recommended that in addition to further improving the
traditional oil and gas field data collection work such as A1 and A2, a new set of static
database for equipment and facilities with the goal of full life cycle management should
be built, and a new set of real-time database with the goal of meeting real-time data call
and big data analysis should be built to serve the efficient development of gas storage
information construction.

Intelligent application ecology construction needs to focus on improving the abil-
ity of gas storage to regulate and maintain supply and safety production management.
Only by meeting the core objectives of gas storage construction and the demand for safe
production can intelligent gas storage construction be better realized. Unlike the tradi-
tional oil and gas field construction, the safe production and intelligent construction of
gas storage puts more emphasis on enhancing the optimization of parameters operation
in the working pressure range of gas storage; intelligent real-time completion of the
adjustment of the production and injection distribution operation plan; the impact of the
injection and extraction well switch of the production and injection distribution plan on
the operation capacity and safety of the surface facilities; the integrity of wellbore, field
station, pipeline and lean operation management. Therefore, the intelligent gas storage
construction program should give priority to the construction of intelligent functions in
the integrated scheduling of production and operation of gas storage for large injection
and extraction, and the safety management of gas storage.
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