‘. DOFIAC 2025
V) EHFm A

DOFIAC 2025 & RIWOF 20th Anniversary
56 71 [m 3 =7 il B 3 Iy 52 11 = 1)
BERZAFZFEEHSHMARRAIZ20EFKH

The 9th Digital Oil Field International Academic Conference and the 20th Anniversary
Celebration of the Research Institute on Wisdom Oil & Gas Field of Chang’ an University
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Research Institute on Wisdom Oil &
Gas Field of Chang'an University

Research Institute on Wisdom Oil & Gas Field of
Chang'an University (RIWOF) grew out of the
Digital Oilfield Institute of Chang'an University,
which was established in March 2005. It is the
exclusive research institute in China focused on
digitalization, intellectualization, and smart oil & gas
fields, theory, methods,
technologies, and construction. RIWOF is composed
of “three institutes, one think tank, and one foreign
academician workstation” , namely: the Digital
Oilfield Institute, the Intelligent Oil and Gas
Reservoir Institute, the Data Science and Experiment
Research Institute, the Intelligent Oil and Gas Field
Think Tank, and the Foreign Academician
Workstation of Xi'an Guilong Digital Engineering
Technology Co., Ltd.

covering principles,

Basic tenet: Inherit the research legacy of the Digital
Oilfield Institute of Chang’ an University in the
digital and intelligent construction of oil fields;
continue to follow the fundamental research paths of
digital, data, information, knowledge, and wisdom;
transform and wupgrade to emphasize data,
knowledge, and wisdom as key research priorities;
and closely integrate with oil and gas field

enterprises across China, striving to contribute

significantly to research on oil and gas field big data
and related areas.

The main achievements of RIWOF are summarized
as  “two conferences, two systems, and one
practice” .
Digital Oil Field International Academic Conference

The two conferences consist of the

and the International Specialist Forum & Brand
Techniques Symposium on Wisdom Oil and Gas
Field. The two systems comprise the theoretical
system and the technical system, and the one practice
refers to the integration of industry, university,
research, and enterprise.

Since 2009, RIWOF has held the Digital Oil Field
International Academic Conference every two years,
which has been successfully held eight times with
significant influence on oilfield informatization
construction, and has now become a branded
conference. In addition, RIWOF has also
successfully held the International Specialist Forum
& Brand Techniques Symposium on Wisdom Oil
and Gas Field twice, which aims to accelerate the
research and development of core technologies and
products to address technological shortcomings,
thereby supporting China's

digital economy

development, the construction of digital, intelligent,
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and smart oil and gas fields, as well as multiple

countries along “the Belt and Road”

On the one hand, during the exploration of digital
oilfield theory and principles, the RIWOF team has
written and published five monographs in the

“Digital Oilfield in China”  series, which
comprehensively discuss the construction and
development process of digital and intelligent oil &
gas fields in China, establish a theoretical model
encompassing digital, data, information, knowledge,
and wisdom, and summarize the fundamental
methods, paths, and modes of intelligent oil & gas
field construction. On the other hand, in digital
oilfield construction practice, a technical system has
been gradually formed and applied in the
development of digital, intelligent, and smart oil and
gas fields. The more representative technologies
include Oil Field Internet of Things (OFIOT), Data
Specialist (Datist), Well Specialist (Wellist),
Reservoir Specialist (Rsvist), and Big Data Analysis
Specialist (B-Datist). In particular, Data Specialist
(Datist) technology is widely applied in earthquake
monitoring, oil, energy, environmental protection,
and other areas, serving as a landmark technology in
data management and data middle platforms. The
invention patent for the developed oilfield big model
has been authorized, and it has also won the
innovation award for industry-university-research
cooperation multiple times.
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As digital oilfield construction in China has entered
a new era, the “Dual Carbon” goal and the
“Digital Transformation” task are accelerating the
reform and development process of oil and gas field
enterprises in China. RIWOF will continue to hold
the “two conferences” , persevere in the “two
systems” , remain true to its original aspirations,
focus on oil & gas field research and construction,
and simultaneously embark on a new journey of
research in smart oil and gas reservoirs and talent
cultivation in digital engineering. For
undergraduates and postgraduates majoring in
petroleum, RIWOF takes the lead in offering
advanced courses and experiments, such as oilfield
10T, oilfield data, big data, and artificial intelligence.
RIWOF aims to cultivate talents in petroleum
science and technology for oilfield enterprises and
make further contributions to the construction and
development of intelligent oil and gas fields in

China.
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Editorial board

Organizers

Research Institute on Wisdom Oil & Gas Field of Chang'an University

Journal of Earth Science and Environment
Journal of Xi’an Shiyou University (Natural Science Edition)

Experiment and Research Center for Data Science (ERCDS)

Consultant CHEN Zhijian, JIN Mingquan, CHEN Shuo, GAO Zhiliang
Chief editor WEN Hanjie, FU Guomin, LEI Junjie, ZHANG Xinyun
Executive Editor LI Zuochen, YU Qiang

Layout SUN Yang, Tao Qian

Staff Wang Tianzi, Xue Hui, ZHANG Rui, TAO Xiaohui

Editorial board for papers

Committee directors LI Zuochen, LU Lijun
Deputy directors ZHOU Jun, LIU Zhan, FU Guomin
Member of editorial board SUN Shaobo, LI Hui
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Academic Aboard

Chair: Shi Yujiang

President of China Petroleum Group Logging Co., Ltd., Professor-Level Senior

Engineer, Ph.D.

Co-chair of foreign nationality: Jacek M. Zurada

Member of the Polish Academy of Sciences; Life Fellow of the IEEE; Member of

the International Neural Network Society; Professor of Electrical and Computer

Engineering, University of Louisville, USA (Ph.D. Supervisor)

Co-chairs in China Zone:

GAO Zhiliang

DUAN Hongjie

HAN Ling

LIU Zhan

Honorary Dean of the Smart Oil and Gas Field Research Institute at
Chang'an University, Foreign Academician of the Russian Academy
of Engineering, Chief Expert of the Shaanxi Provincial "Qin
Chuang Yuan" Scientist + Engineer Team, and Chief Expert of the
Foreign Academician Workstation at Xi'an Guilong Digital
Engineering Technology Co., Ltd.

Manager of the Digital and Intelligent Management Service Center,
Shengli Oilfield Branch of China Petroleum & Chemical
Corporation  (Sinopec);  Postdoctoral =~ Research  Fellow;
Professor-Level Senior Engineer.

Director of the Research Institute for Rural Revitalization at
Chang'an University, Director of the Shaanxi Provincial Key
Laboratory of Land Consolidation, Director of the Xi'an Key
Laboratory of Territorial Spatial Information, Rank-2 Professor and
Doctoral Supervisor, Recipient of the State Council Special
Government Allowance, and Executive Council Member of the
Chinese Society of Surveying and Mapping.

Professor and Doctoral Supervisor at China University of Petroleum

(East China).



Foreign Members (in no particular order):

Robello Samuel Chief Technical Advisor and Technical Researcher, Halliburton
Company; Expert in Drilling Engineering; Distinguished Lecturer of the Society of

Petroleum Engineers (SPE)

EdgarAlexander Fernandez Rincon Manager of Yanbei Development and Chief
Reservoir Engineer of SLB, Schlumberger Limited

Domestic Members (in no particular order):

DOU Hongen

ZHANG Nailu

KONG Xianguang

LI Tao
XING Yuxin

SUN Shaobo

Senior Engineer (Professor-Level) of PetroChina Research
Institute of Petroleum Exploration & Development;
Doctoral Supervisor in Engineering at China University of
Petroleum, Beijing; Adjunct Professor at the College of
Artificial Intelligence, China University of Petroleum,
Beijing; Deputy Secretary-General of the Artificial
Intelligence Branch of China Petroleum and Chemical
Automation Application Association.

Professor at the School of Electronic Engineering, Xi'an
Shiyou University.

Professor, Doctoral Supervisor, and Huashan Scholar at
Xidian University; Director of the Research Center for
Intelligent Manufacturing and Industrial Internet (Big
Data), Xidian University; Director of the Shaanxi
Provincial Industrial Internet Technology Engineering
Center.

Director of the Library, Professor, and Doctoral/Master's
Supervisor at Xi'an Shiyou University.

Senior Engineer, Oil and Gas Resources Survey Center,
China Geological Survey.

Associate Dean of the Smart Oil and Gas Field Research
Institute at Chang'an University, Professor, Ph.D.
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® Journal of Natural Gas Geoscience(JNGGYS)

Sponsored by: 155 2468-256X Opline

2543-151X (Print)

Northwest Institute of Eco-Environment and
Resources, Chinese Academy of Sciences AND ‘ i
PetroChina Research Institute of Petroleum
Exploration & Development.

Editor-in-chief: Jinxing Dai

ISSN:2468-256X

E-mail:jnggs@lzb.ac.cn

Index databases:

GeoRef

Petroleum Abstracts

INSPEC

EBSCOhost

DOAJ

Cabells Journalytics ScienceDirect

Aim and Scope

Journal of Natural Gas Geoscience (JNGGS) is an academic bimonthly journal about
natural gas exploration& exploitation. The journal publishes original research and
review articles across a broad range of natural gas geology, natural gas geochemistry,
natural gas geophysics, natural gas field engineering, unconventional natural gas,
natural gas & environment, natural gas resource & economics, etc. Its main aims are
to promote the development of natural gas exploration & exploitation for the world
and academic communion in the natural gas researchers and workers. Its main tasks
are to review the present situation and the development of natural gas geosciences,
to report new theories, new methods and new technologies, to publish new results in
global natural gas research and exploration & exploitation, and to promote the
contribution of natural gas to economic and social sustainable development.
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Why I Propose Integrated Digital-Intelligent QOilfield
Construction
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(1. The Research Institute on Wisdom Oil & Gas Field of Chang’an University, Xi’an, China;

2. Foreign Expert Academician Workstation, Xi’an Guilong Digital Engineering Science & Technology Co., LTD, Xi’an, China)

Abstract: This paper systematically elaborates on the practice of integrating digital-intelligent technologies
and methodologies in the construction of digital and intelligent oilfields. For the first time, it comprehensively
discusses the theory, principles, and key technologies of integration, proposing that the essence of
integration is an evolutionary process from "technology superposition" to "system emergence" and then to
"efficiency leap." By optimizing the configuration of technical, parametric, and equipment elements, a complete
ecosystem is constructed, enabling a transition from the finiteness of the physical world to the infiniteness of
the data world, thereby generating, growing, and integrating value, efficiency, or energy. The paper argues that
integration is, in fact, a science and concludes that integration is the process of constructing a systematic and
unified intelligent entity. This theory, along with its principles and methods, can be widely applied across various
industries, fields, and operational scenarios.

Keywords: Digital-intelligent oilfield; Integration science; Integrated digital-intelligent oilfield; Artificial
intelligence; Oilfield
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Paradigm of Digital Energy Science: Theoretical Construction
and Practical Pathway for the Digital-Intelligent
Transformation of Super Basins

£ !, fE# 2 (times new roman) Huang Jie' , YAO Weihua!? , Cai Shaofeng!?, Li
Dongkai'~?
(1.National Engineering Laboratory for Low Permeability Petroleum Exploration and Development,
2.Exploration and Development Research Institute of PetroChina Changging Oifield Company)

Abstract: The traditional oil and gas industry is facing dual pressures from data-intensive challenges and workforce
shortages, urgently calling for a profound paradigm shift. Using the digital-intelligent transformation practices of the
Changging Oilfield Super Basin as a blueprint, this paper systematically proposes, for the first time, an emerging
disciplinary paradigm of "Digital Energy Science." The study constructs a comprehensive theoretical system
encompassing theoretical foundations, core models, technological breakthroughs, paradigm evolution, and practical
philosophy. Centered on the tripartite coupling of "data-algorithm-business," the system introduces the "125"
methodology, the "three-categories and seven-types" taxonomy, and the "one-system, four-middle-platforms"
architecture. It further elaborates three key technological theories: cognitive enhancement, process reengineering,
and decision evolution. This research not only provides a replicable theoretical model and practical pathway for the
digital transformation of the oil and gas industry but also promotes the shift of geology from an experience-based
descriptive discipline to a data-driven computational science paradigm. It holds significant reference value for the
intelligent upgrading of traditional industries globally.

Keywords: Digital Energy; The Fourth Paradigm; Artificial Intelligence; Super Basin; Digital Transformation
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Abstract: As an intelligent system with autonomous perception, decision-making, and execution capabilities,
Al agents provide a new solution to address the pain points in traditional oil and gas exploration, development, and
operation. This paper systematically sorts out the concept, development history, technical system (perception layer,
cognitive layer, decision-making layer, execution layer) and core algorithms of Al agents. Combined with practical
application cases (such as the Al intelligent geological agent built based on KouZi Coze), it elaborates on their
specific applications in oil and gas exploration (data processing, reservoir prediction, planning and decision-making),
development (reservoir modeling, production optimization, intelligent drilling), and production operation
(equipment management, safety monitoring, scheduling collaboration). Meanwhile, it analyzes the technical
challenges faced by the application of Al agents, such as data quality and security, algorithm performance, and
multi-agent collaboration, as well as application problems including lack of industry standards, talent shortage, and
system integration, and proposes targeted countermeasures. Finally, it looks forward to the development trends of Al
agents, such as integration with emerging technologies, evolution towards advanced intelligence, and expansion of
full-life-cycle applications, providing technical references and research directions for the construction of smart oil
and gas fields.

Keywords: Digital-intelligent oilfield; Al agent; Petroleum exploration; Artificial intelligence; Wisdom oil
field
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The Impact of ChatGPT/Generative Artificial Intelligence on
Petroleum Industry and Its Countermeasures

YANG Qiguo, Zeng Lu, Zhao Yi, XIE Kui, Luo Jia

(China National Petroleum Corporation Chuanging Drilling Engineering Co., Ltd. Trial Repair Company, Chengdu, China)

Abstract: With the rapid development of artificial intelligence technology, Generative Al, especially the pre-
trained large language model represented by ChatGPT, is gradually penetrating into various industries, including
the oil industry. The purpose of this paper is to explore the far-reaching impact of ChatGPT/generative
artificial intelligence on the oil industry, analyze the changes and challenges it may bring, and put forward
corresponding countermeasures. Through literature review and case analysis, this paper reveals the potential of
generative Al in improving operational efficiency, optimizing decision-making, ensuring security, and
promoting digital transformation, and points out the problems that may arise from it, such as intellectual property
rights, data security, and changes in employment structure, and proposes targeted solutions.

Keywords: ChatGPT; Generative Artificial Intelligence; Digital Transformation
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Intelligent Geological Horizon Segmentation Using a
Transformer-BiLSTM-CRF Architecture with

Multi-Scale Information Fusion

Luo Gongwei'?, Dang Yi'%, Yan Jiayi'?, Liu Haoyue'?, Xue Yuan'~
(I.National Engineering Laboratory for Low Permeability Petroleum Exploration and Development;
2.Exploration and Development Research Institute of PetroChina Changqing Oifield Company)

Abstract: This paper proposes a deep learning fusion model based on Transformer-BiLSTM-CRF for intelligent
stratigraphic division using well-log sequences. The model captures long-range global dependencies through the
Transformer module, enhances local contextual feature representation with BiLSTM, and incorporates geological
constraints via a CRF layer. Comparative experiments with Transformer and BiLSTM models demonstrate that the
proposed method achieves optimal performance in three-level division tasks—formation segments, sub-layers, and
sandstone members. The results confirm the effectiveness and superiority of the model, providing a reliable
technical solution for high-precision stratigraphic division in oil and gas exploration.

Keywords: geological horizon segmentation; Transformer-BiLSTM-CREF; tight gas reservoirs; intelligent

stratification technology
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3D Vision-Based Pose Estimation of Circular Holes in
Perforating Guns Using RANSAC and Robust Fitting
Algorithms
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Abstract: Aiming at the challenges of dynamic high-precision detection of geometric dimensions and spatial
positions in the automated assembly process of multi-specification, small-batch perforating guns, a center hole pose
estimation method based on RANSAC and robust circle fitting is proposed. First, a 3D camera captures the point
cloud image of the perforating gun. The K-means clustering algorithm removes outlier point cloud clusters, while
feature-based point cloud screening and iterative statistical filtering eliminate sharp points to obtain the outer
cylindrical surface point cloud. This cloud is then projected onto a plane fitted by the RANSAC algorithm, followed
by contour extraction. The robust least trimmed squares algorithm calculates the center coordinates and radius of the
hole. By combining the normal vector of the hole’s plane with the spatial coordinates of the center, the pose
estimation of the center hole is completed. Experimental validation demonstrates that the radius fitting error of the
center hole after sharp point removal is under 0.02 mm. This method can be applied to part recognition and
positioning during automated assembly of perforating guns.

Keywords: perforating Gun; RANSAC; 3D vision; position estimation; robust fitting
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Table 3 Experimental point clouds contours fitting results
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Hyper (-249.0387,24.8993) 10.2733 0.3594
Taubin (-249.0387,24.8993) 10.2813 0.3624

Pratt (-249.0387,24.8993) 10.2892 0.3654
RLTS (-249.2466,25.2152) 10.0186 0.2876
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A Design and Implementation of Condition Monitoring

and Alarm Nodes for Digital and Intelligent Wellsite

LIN Zelong" 2, ZHONG Jian! 2, J1 Yi"" 2, JIANG Changchun® 2, QIN Xia'" 2
BIANG Yanhui'? , Huang Chongjian'?, LI Xiaochang'?, LI Guobing'~

(1.China Petroleum Logging CO.LTD., Xi’anShanxi 710077, China ;
2. China National Petroleum Corporation Logging Experimental Base, Xi’anShanxi 710077, China)

Abstract: With the deepening of digital construction in oil and gas fields, digital and intelligent well sites,
as the core carrier, have put forward higher requirements for real-time monitoring and rapid and accurate alarm
of key equipment operation status and environmental parameters. In response to the pain points of poor real-time
performance, complex wiring, difficult expansion, high false alarm and missed alarm rates, and insufficient
adaptability to harsh industrial environments in traditional well site monitoring systems, this paper designs and
implements an intelligent alarm terminal circuit board using embedded technology and CAN bus communication
technology for reliability and stability considerations. This circuit adopts a modular design concept, with multiple
functional modules such as power module, signal module, clock module, processing module, etc. In the future,
this design can replace different functional modules according to the digital transformation needs of oil field well
sites to meet increasingly refined requirements. Test verification shows that compared to the original RS485
system, this design reduces false alarm rate by 82% and improves fault localization efficiency by 60%. This
design significantly improves the real-time perception of digital and intelligent wellsite status, the accuracy of
alarms, and the intrinsic safety of system operation, providing a cost-effective terminal solution for intelligent oilfield construction
and having broad engineering promotion value.

Key Words: CAN bus; Digital wellsite; Digitization; Modularization; Embedded technology
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Development and Application of a Subsea Virtual Metering
System for Offshore Marginal Gas Fields

Haihong Chen '2, Rui Qin 2, Yibin Liu "2, Dan Li ', Qiang Fu '
(1.State Key Laboratory of Offshore Nature Gas Hydrates, Beijing, China;
2. CNOOC Research Institute Ltd., Beijing, China )

Abstract: For an offshore marginal gas field with three subsea production wells lacking physical multiphase
flow meters, real-time production metering posed an urgent operational challenge. To address this problem, a
Subsea Virtual Metering System (VMS) was developed, centered on a multiphase flow process simulation kernel.
This system enables: real-time production data acquisition; digital wellhead flow rate metering; monitoring and
early warning of wellbore/subsea pipeline parameters; hydrate formation prediction and methanol injection
optimization recommendations. Field validation confirmed <5% relative deviation in real-time gas flow calculations
for all three wells, meeting operational accuracy requirements. The successful deployment of virtual metering
technology ensures subsea production system safety and provides critical support for reservoir deliverability
assessment.

Keywords: Offshore oil and gas Fields; Flow metering; Multiphase flow
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Abstract: With the advancement of intelligent technologies, safety management in petroleum logging bases
urgently requires a transition from traditional manual inspection to digital and intelligent management modes. This
paper takes the intelligent security system of the Southwest Branch of CNPC Logging Company as a case study,
systematically analyzing its architecture, key technologies, core functions, and application outcomes. The system
integrates digital twin, artificial intelligence, the Internet of Things, edge computing, and big data analytics to establish
an integrated “perception—analysis—decision—response” security control framework, enabling dynamic monitoring of
key areas, critical equipment, and personnel. Core functions include work behavior recognition, overhead crane
monitoring, access control and personnel positioning, equipment and environmental sensing, and remote centralized
management, effectively enhancing safety risk identification, emergency response efficiency, and management
precision. Optimization strategies for high-risk operational sites are proposed, providing practical guidance for
transitioning safety management from experience-driven to intelligent and proactive approaches. The study
demonstrates that the system significantly reduces accident rates, improves management efficiency, and offers a
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replicable and scalable model for the digitalization and intelligence upgrade of safety management in the petroleum
sector and other high-risk industries.

Keywords: Smart security; Petroleum logging; Internet of Things; Artificial intelligence; Digital twin
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Research on the Application of Al intelligent logging technology
in oil and gas exploration and Development monitoring

Nie Qiang !, Zhang Xueqin !, Zhang Hongliang !, Liu Dongxiao !, Zhang Zikun !
(1.CNPC North China Testing Branch, He Bei, China )

Abstract: Production well monitoring plays a crucial role in reservoir evaluation and potential tapping for
increased production in old blocks. Traditional dynamic monitoring technologies suffer from low efficiency, high
costs, and data interpretation heavily relying on experience, making it difficult to meet the precise interpretation needs
under complex geological conditions. This paper explores the application effects of smart logging and Al-driven
technologies in oil and gas exploration and development through principles and case studies. It addresses the issues
of traditional logging, where data collection and interpretation both rely on manual interpretation, leading to low
efficiency and susceptibility to subjective influence. By building big data models, dynamic monitoring and automatic
route planning for construction vehicles can be achieved; through the collection of data from multiple sensors on-site
and combined with Al algorithms (such as deep learning and random forests), reservoir characteristics can be quickly
identified, enabling unattended intelligent logging, automatic anomaly detection, and dynamic optimization of logging
plans; by automating the analysis of logging data, interpretation results can be automatically generated. Smart well
logging achieves real-time data collection and transmission downhole through sensors and IoT technology, reducing
the exploration and development cycle by about 30%. Meanwhile, Al-driven reservoir modeling techniques enhance
prediction accuracy, reducing resource waste caused by human misjudgments in traditional methods. However, the
application of these technologies still faces challenges such as data noise interference and insufficient algorithmic
generalization, which need to be addressed by optimizing data preprocessing and developing more adaptable models.
The integration of smart well logging and Al technology not only enhances the efficiency and accuracy of exploration
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and development but also provides a viable path for the intelligent transformation of the oil and gas industry. It offers
effective measures to extend the production cycle and improve recovery rates in oil and gas fields. In the future, it can
be combined with Advanced Driver Assistance Systems (ADAS) to further promote the unmanned development of
well logging; there is still considerable room for development in interdisciplinary collaboration and algorithm
upgrades.

Keywords: Artificial Intelligence; Intelligent Well Logging; Reservoir Evaluation; Technological Innovation
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import numpy as np

from keras.layers import [Dense]

model = Sequential()
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model.compile(optimizer="adam', loss="mse")
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Construction and Practice of an Intelligent Gas Field
Production Capacity Building Platform
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Abstract: With the deep integration of the digital economy and the traditional energy industry, intelligent
transformation has become a core engine driving the high-quality development of the oil and gas sector. As a key
link in the industry chain, the intelligent, scientific, and efficient capacity building process in gas field development
is of great significance for enhancing per-well production, optimizing development investment, and ensuring
national energy security. Based on the "326" intelligent development strategy of the Changqing Oilfield Company,
this paper systematically elaborates on the conceptual framework, technical architecture, and practical
implementation of an intelligent decision-support environment for gas field production capacity building. The
platform achieves unified integration and management of multi-source heterogeneous data, standardizes core
business processes through a series of intelligent engines, and establishes a closed-loop management system
covering the entire lifecycle of gas field production capacity building, significantly advancing the intelligent
transformation of oil and gas production operations.

Keywords: Gas field development; Intelligent production capacity building
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Innovation and Application of RBush Spatial Index and 2D
Grid Knowledge Base Index Fusion Technology in Artificial
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Abstract: The oil and gas industry is undergoing a transformation from traditional exploration to intelligent
exploration, with global oil and gas giants investing billions of dollars to build intelligent exploration systems. This
study innovatively proposes a fusion architecture of RBush spatial index and two-dimensional grid based
knowledge base index for PB level multi-source heterogeneous data accumulated from public welfare oil and gas
surveys, including 560 million drilling records and 1.2 million seismic waveform data. By constructing a dynamic
hybrid index tree, the efficiency of spatial filtering was improved by 8 times (from 8.2s to 1.5s per 100000 queries),
and the cross modal recall rate was increased by 333% (18% to 78%). This technology has been successfully
deployed in the national oil and gas survey big data intelligent evaluation system, verifying the practicality of the
method under complex geological conditions.
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retrieval; Intelligent exploration of oil and gas
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The Application of XMAC Array Acoustic Logging Technology
in the Hetao Region

Wang Wenxue! Wang Heng' Zhang Dawei' Guo Junming' Xie Hui' Tian Yafeng' Yang
Yanqgiu! Li Rong! Wu Yanhong? Song Lei? Song Yang?> Guo Zhenyi?
(1.Materials and Equipment Center of CNPC Well Logging Co., Ltd., Langfang, Hebei 065007, China;
2.Huabei Branch Company CNPC Logging Co. Ltd. ,Langfang ,Hebei 065007 ,China)

Abstract: The Xinglong structural belt in the Linhe Depression is a key production area in the Bayan Hetao
region. However, its reservoir is deeply buried, characterized by typical low porosity and low permeability, complex
lithology, and strong heterogeneity. Conventional logging data have limitations, making it difficult to identify
lithology and determine oil and water layers. The integration of special logging technology with conventional
logging methods has effectively addressed this issue, offering unique advantages in the evaluation of oil and water
layers. Array acoustic logging, by establishing a logging interpretation model, provides qualitative discrimination in
determining petrophysical parameters, reservoir division, fluid identification, and the characteristics of movable
fluids and permeability in reservoir pores; it offers an interpretative basis for accurately delineating oil and gas
layers.

Keywords: Reservoir; Lithology; Imaging; Identification
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Abstract: This paper discusses the application effect of eccentric nuclear magnetic resonance logging
technology in the Bayanhetao area. By analyzing the complex geological characteristics and the distribution of oil
and gas reservoirs in this area, the principle of eccentric nuclear magnetic logging technology and its advantages in
solving the limitations of traditional logging methods are expounded. The research results show that the eccentric
nuclear magnetic resonance logging technology can effectively identify the characteristics of complex reservoirs,
improve the identification accuracy of oil and gas layers, and provide reliable technical support for oil and gas
exploration and development in the Bayanhetao area. The application of this technology is of great significance for
promoting the development of unconventional oil and gas resources in our country.
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Research on the Application of Artificial Intelligence in Oil and
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Abstract: As an important onshore oil-gas and uranium resource base in China, the Erlian Basin is
characterized by strong reservoir heterogeneity and complex hydrocarbon distribution due to its intricate geological
conditions and multi-stage tectonic movements, posing great challenges to exploration and development. Artificial
intelligence (AI) technology, leveraging its powerful data processing and pattern recognition capabilities, has
provided a new solution for exploration in this basin. This paper systematically reviews the application status of Al
technology in seismic interpretation, logging analysis, geological modeling, reservoir prediction, and decision
support. It is shown that Al technology can significantly improve exploration efficiency and reduce risks and costs.
However, current challenges such as data quality, algorithm optimization, and interdisciplinary integration still exist.
In the future, with continuous technological breakthroughs, Al will offer stronger support for oil-gas exploration
under complex geological conditions. This paper aims to provide a reference for the intelligent development of
oil-gas exploration in the Erlian Basin.
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Collaborative drive for full cycle development: Practice

path of Yin’e Basin oil and gas field
YUAN Ruize |, YANG Qike

(1.School of Earth Sciences and Resources, Chang 'an University, Xi' an, China;
2. Extension of oilfield exploration and development technology research center, Yan'an, China; )

Abstract:Big data and artificial intelligence are driving transformative changes across the entire industrial
chain, while oil exploration faces challenges such as dwindling high-quality reserves, declining quality of remaining
resources, high water cut in mature oil fields, and environmental constraints. Technological innovation has become
the key to breaking through these barriers. Current oil and gas exploration is advancing into deeper and more
complex geological zones, with unconventional reservoirs becoming the primary source of new reserves. In the
Yinxing Basin, over 85% of reservoirs have porosity <10% and permeability <1 mD, featuring complex pore
structures and prominent multi-solution responses in logging data. Traditional geological models and logging
methods demonstrate insufficient accuracy, with lithology identification errors exceeding 25%, which significantly
hinders development efficiency and forms a core geological bottleneck. Existing smart oilfield models face issues
like disconnect between targets and geological requirements when adapting to such reservoirs. Deep learning
provides targeted solutions, effectively addressing ambiguous boundaries in lithology identification caused by thin
interbedded sand/lithium-bearing rocks and volcanic rock layers. It also overcomes limitations of traditional

methods, markedly improving prediction accuracy for physical parameters like porosity and permeability.
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Development must be grounded in geological understanding. For instance, analyzing the Cretaceous sandstone in
Yinxing Basin containing 12%-18% volcanic rock interbeds revealed that straight wells previously produced only
0.5-1 t/d due to cognitive biases. After adopting "horizontal wells + fracturing," daily production reached 5-8 t/d.
Engineering technologies require dynamic adaptation: LWD real-time correction during drilling (track error <0.5 m),
fracturing at 10-15 m® /min to create complex fractures, while balancing economic viability (single-well investment
80-120 million yuan, economic yield threshold 3 t/d) and environmental protection (95% drilling wastewater reuse
rate, associated gas venting rate <2%). Artificial intelligence and big data are the key breakthroughs. CNN has
improved the accuracy of lithology identification to 92%, LSTM has reduced the error of production prediction to
8%, greatly reduced ineffective drilling and increased the recovery rate to 15%. In the future, it is necessary to
transform into the integration of "geology and artificial intelligence".

Keywords: Yin'e Basin; artificial intelligence; oil and gas field development; unconventional reservoir; key

engineering technology of oil and gas field development
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Research on Oil and Gas Field Development under the
Integration of Big Data and Artificial Intelligence

Miao xiangyang
(CNOOC Energy Technology & Services Oil Production Co., Ltd. Tianjin 300450, China )

Abstract:To enhance the efficiency and accuracy of oil and gas field development, this paper proposes an
intelligent oil and gas field development solution based on the integration of big data and artificial intelligence. This
solution builds a data processing system that includes multi-source data collection, intelligent cleaning, and
integrated storage. It designs an intelligent reservoir feature depiction system based on an improved CNN, achieving
a geological feature description with a fault network recognition rate over 90%. On this basis, a production warning
and intervention system integrating LSTM and attention mechanisms is developed, and a real-time monitoring
platform based on a microservice architecture is established. By constructing a data-driven intelligent decision
support system, a digital twin platform, and an integrated management model, a closed-loop management system of
"data - model - decision - execution" is formed, aiming to improve the intelligent level of oil and gas field
development.

Keywords: Big Data; Artificial Intelligence; Oil and Gas Field Development
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(1. Changqing Branch, BGP , China national petroleum corporation, Xi’an, China)

Abstract: In the oil and gas seismic exploration of the Ordos Basin, the application of digital intelligence
technology has evolved from nothing to a distinctive system technology. As the basin's oil and gas exploration entered
the 3D seismic stage, the outdated and cumbersome acquisition equipment, manual-dominated operation mode, and
previous acquisition technology methods could no longer meet the demands of low-cost, high-quality, and high-
efficiency oil and gas exploration and development. By using aircraft to collect surface information data, satellite-
located intelligent excitation and acquisition instruments, along with the corresponding seismic exploration
acquisition methods and digital intelligence-based data processing and interpretation software and methods, digital
intelligence exploration achievements have been realized. This has supported the exploration and development of oil
and gas in the basin and laid a solid foundation for the subsequent development of smart oilfields.

Keywords: digital intelligence technology; oil and gas seismic exploration; Ordos Basin
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WALETHRE T RICE MK EFHER S#HIET X RS

EHNTV2 AL EZRY, M, 2R
(1. KZZRZFEHEREE SRR VS PH2E 7100545
2. AL H R P B BT % R 5 AN HUBR O EN Gk HUSE 7 B 25 7 & R 2 MBS T ) Tl A5 050081)
wyc202404@]163.com
W E: ThFTHETTFREFRAAT KL ERET K, BIBEAFOEHAKE. HAKEE
REAIKAE (64.90%~67.01%) 'F 4 (8.43%~9.23%) . 'F45 (14.54%~15.48%) , 45464454 A/CNK %
1.10~122, Adhzt. emELEAHLrimnt, 26852 KB FELLE R, K. ThE /5%
K Zry HE. Y 5%, 54 Ba. Sr. Ti. P ¥ L&, 10000Ga/Al teft (2.76~3.08) #= (Zr+Nb+Ce+Y)
AFEMESE, HH KT ARLR BT RAE 2.60 A= 350x10°0, & 1% 28 A R T 4k e 1538 5 & B wGE .
BELNE, SHERETEmy R RER EWMOREKZ,
XEF: L ftd; HEET; sk KLsR;

Geochemical Features of Yangjiayingzi Rhyolite (Fengning,

Hebei) and Their Implications for U-Mo Mineralization

Wang Yinchuan!2, Qin Li', Wang Xiao! , Wang Mao!
(1.School of Earth Science and Resources, Chang’an University, Xi’an 710054, China
2.The Sixth Geological Brigade, Hebei Province Geological Mineral Exploration and Development Bureau (The
Aerial Survey Application Center, Hebei Province Geological Mineral Exploration and Development Bureau),
Shijiazhuang 050081, China
Abstract:A volcanic-type uranium-molybdenum deposit has been newly discovered in the Yangjiayingzi area
of Fengning, Hebei Province, with the ore-hosted wall rocks being Early Cretaceous rhyolite. This rhyolite body
exhibits low silica (64.90%—67.01%), high alkali (8.43%-9.23%), and high aluminum (14.54%—15.48%) contents,
with an aluminum saturation index (A/CNK) of 1.10-1.22, classifying it as a peraluminous rock. In terms of trace
and rare earth element compositions, the rock is enriched in large-ion lithophile elements (LILEs) such as Rb, K,
and Th, as well as high-field-strength elements (HFSEs) like Zr, Hf, and Y, while exhibiting depletion in Ba, Sr, Ti,
and P. The 10,000xGa/Al ratios (2.76-3.08) and (Zr + Nb + Ce + Y) values exceed the lower thresholds for A-type
granites (2.60 and 350x107¢, respectively). These geochemical characteristics indicate that the rock body formed
during the lithospheric thinning and post-orogenic stage of the North China Craton, demonstrating a close genetic

relationship with the Yangjiayingzi uranium-molybdenum deposit.
Keywords: North China Craton; Yangjiayingzi; uranium-molybdenum deposit; volcanic-type
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1EEEN: TR (1984-) , B, ELMRE, SRIEN, TENEREMR. HEST FHEMAREFII E.
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(FRUEALBUEDE Sun and McDonough, 1989)
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SEIGHFFL R, A RUITER AR ERE KM R (Patino Douce, 1997; Anderson and Bender, 1989;
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SR A OEUEH, B A SR RE TE R T K I8 it 5 S KA R B K s i, T R B — A2 KT
30km (Creaser et al.,1991; Skjerlie and Johnston, 1992; Patino Douce, 1997; RAEILEE, 2007) . MSIHA
PRI R A F 5 B Rb/Y-Nb/Y Hyg NS iFefir, 78 Th/Yb-Ta/Yb B, 4k N\ T3 FHuSE i X 4,
B, Al — R S R T i T e T 3 o 4l (18 7a b)) o TiT#E Rb/Ba-Rb/Sr J5 45 0 1 El g
AR IENTUE XA (Bl 7¢) o £ A/MF-C/MF J5UE Hn EIfg b, 27k N2 e a0 7 I s X 38 A (B 7d) .
HIL R M 508 FIRSUE A T T 16 L 52 (R R I B, IR BRI A IR IR T A, SN T Hh 52 B0 k2
i, FECNHFEYIB AR, TR BOZIREUE
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2 AR AR S
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0.1k AR S
A g BRI E
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Rb/Sr C/MF
B 7 BFEEFRSCER Th/Yb-Ta/Yb BfE. Th/Y-Nb/Y Elf#. Rb/Sr-Rb/Ba E##. A/MF-C/MF Ef&
6 e

W58 T KA G A BB T Aedb s hnim b g, AbFARIuARBL . P4 AR B 2T AR B )
giathir, Z2dKEHNMEEATRE, XNWE-ARERE. HER, ERENAIENER L, Sk
AL AP R AR Z B2 T & WM R A RBRTET., I FARLD— &AM E, Bttt
BRI IE A — N5 0E LA ((T465%%%, 1988) , WG Baw TARAbIR AL S AR PG . mEdLIa IR IEHS )= .
AR, RSP A AR SRS R I R A XA R A AR R HE T S A R i2 3y, A7 X A
IR R R AR LA, R TG A R 2 BG4k, TR T AR R PG 1)« J6ZR ) (A3 b4 78
P, dbZR ) AU 2R A3 BT 4 78 A s A 2R 2 b o Bl DR A A 7 T A L 5 o ot B 2 e b (X 5 5 A
AR AAE R A, IRAFTE S TR LB AS . REAS IR e W 2043 A 5 W f 7t 2 M e . Xk
FEhlaRRRIF IR KB S AR ) Fas WiZOE RS T 06, AR AR R ILI# 508 8 E T RIAEAL
F Fas Wrda5 b, S5iKBRFMET . KRBT SEE0 0 KR RS — 2.

b RLEAL 2 R E R A (130-110Ma) A BUFE 5 MR AR i s (PNE REE, 2009),
HEAb TR IE AR At A BTG S S AR M o S e b v Rl AR A R SR R . e A R A
BAEZEYIMBEEER. KA 55 g2 i FRRSCE-HE HE % VXK. HAERH, 4R2H5
KA R R B A AE 2t R SCA M T, s bu s i AR (LR, S YR-40L T
BRSO 5K BRI R BB R R AR B T /N BB AR AT PR AF 7R - 1 St RS K A S0 - A A
(RREEAEZE, 2014, 2017) .

LR PR, ASCHE I MEE T X IR SCa A A BERCA RFIE, BT R, e
OB AR RE NPT B, S8 ECE TR R CRAT S VT R &, 5 DX B B AR AT PR R SR
B

7 Zhi
(1) AR TAEAER AR X KM FE FEy IR, 7RG T FAESKFOH KL EES,
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Progress in the application of artificial intelligence in the field
of oil and gas exploration

Yang Qingyu, Juxing, Liu Shiwu
(School of Geology and Environment, Xi 'an University of Science and Technology, Xi 'an 710054, China)

Abstract: The rapid development of artificial intelligence technology has brought revolutionary changes to the
field of oil and gas exploration, becoming the core engine driving the digital transformation of the industry. Based
on relevant research results, this article systematically reviews the current application status of artificial intelligence
in various aspects of oil and gas exploration, including seismic exploration, logging interpretation, drilling
engineering, reservoir evaluation, etc; Deeply analyzed the application progress of key technologies such as deep
learning, big models, data governance, etc; Explored the challenges currently faced in terms of data quality, model
interpretability, and lack of standardization; Finally, the future technological development trends were discussed.
Research has shown that artificial intelligence has shown significant results in improving exploration efficiency,
reducing costs, and ensuring safety. However, it still needs to be promoted through technological innovation,
ecological co construction, and standard improvement to move from single point applications to full process
intelligence and provide support for the high-quality development of the oil and gas industry.

Keywords: artificial intelligence;oil and gas exploration;deep learning;data governance;big
models
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1.1 BAREFMER (20 42 50 F44-21 HL2H)

NTEReMS B 1956 S e BUERIR 5, 200 7 HEBL <Rl 1 pk RO e 31X — i Boil
AT R KRS N T e, T E DML L K ARG L 2 51 o, RET R FE AR,

N TR REMIBAR SR AT S I R HE B G, W0 5L SR G 1IN i 2 1 B oRe, (RS2 RS0
Hm g, BALZALAES 559,

BRI AT ML IE 3 N T i M B, A R 5 AL BERCRAR, dnd R e A R %
FEBMFER T, BRI,

1.2 B ERERMMER (21 tH42#]-2016 £F)

B KB AR A 132 T, ML S5k (SRR L. SRR FRAA1E M S EIIR S 53 5%
Hh, SEELREROLAG . PUIE A I AR SRR,

OHEAR U B 2 2, RESRIR IS E AT, it ER . AV, BN R I
51,

ENFEREFEATIR, 5K AR5 IE TR 4% (RNND BN B4R, KR BAE S 4R T 15%; 1131
SRR TN L SRIUAE PR U, HERR R 80%(4.

TEHB BT TR, XA IR MR RPN S 2 B e B, SR TR T 10 58, #7FFH
TP RGN L FH TWZ R0, V125 Seal R s i rs E sh ik,

bRyt 2 7 e SR E AR R Z, 10 2014 4 FE3E A TE EagleFord TUA B KEHEF & (IDW) , @i &
LR IRAETIE S, B AR T 20%10,

1.3 EEEFAMEEMER (2016 F-2022 &)

RIESE I H AR R (LL 2016 4F AlphaGo MEFIAFRE) SN TR BN &R B B, @i
AR Sk SRR, Sl 23R RS R AL B A 0L,

DLt b 6+ 505 T BRI O, MR R R TARER, SCRPEOEARAELL « BRI 25 5 HE B PR R0,

EEPRZE, 2017 SEHiie kA 7 DELFL V&, % FEBEHT. . BiHE5dE, w o Ff 8 aem
B SRR M, 2019 FEMG BAR TS A /EHEH DecisionSpace365, SEEUAGH:. Az B Seit 43 #riol,

EENEE, 2018 G- E AR B8 INATHE &, AT 120 F AL 53%, Bt Ry 250,
FH TS 9 Kiguls s EA AT = F 6 52002 il R L= 5 8 Re R 4,

F7b BRI e AL Hb 3750 (& %) <t Fig e Clnymsia A i, o B f i
FalconCore &0 G 0T R G0 SEELH PR A RCR$E T 100 50005 B i FELE B e 2RI A AR, 6k 210
HIRE BE IR 95%(1,

1.4 KIREUEHM R (2022 £E4)

PA 2022 FJi& ChatGPT KAT N ML, AT N KB AX, T Transformer ZEH4 [T 25+ i
PR SIS 7 S E T, BB N Rk A i I,

FARZ ORI R S HONBE LB AL, b 2SR OUR. Bfg. g , R
TAT S5 HE RO,

76 BRI SRS, 2024 FH4E DA AT Lumi “F &, 3T OSDU Arifi 5 & 4 A e, SRz
fRRE . 1B JETINSE 24T 555 BuAT 4L B B ZA A 5] ENERG Yai #5570 b 57 2 A5 R 52 7 75%00,

75 B P AAFE ARSI, 2024 4 B A AT R RREAL, R E R AR MIE AL BEAE T 5, Ik
BRE TR 5.2 P07 ToK, TEBRIR 3R 4% T TR0 A AERf 208 929%0100; BEAR el HH <R /NI A 0 AR Y 2% ST 400
FENAERL, SCRFERIR S B 24 B,

TNV AE PR B KB S AT LB Bl A IR, (s EAR M4 (PINN) i sh 7 R N, 2
ThHb S S A BRI, ARSI (4 CLIP) SeBiHh iz 5 5 iR AR B 38 70 # B
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FIE o
FERRAC RS T, W il . A PR BEE AT AR o AR GUE N T 228, AbE A K HAS
AP FEF IR S50 U-Net 2 R (41 U-ResNet) JHIL G- RS 454 5 RERESE,  REAT X
EMRAG S SR, R RRAL . XA ) 2 REARFIER DS %, S5 aiERIPLH, (bR Ak
PEEMEACRIRTT 30% LA b, HRE IR B R ST S5 R85 2 . WIRBARDUS T, X & 54 R R PGB 4%
R AR BUEAC Y (AR FR R, ARG FLH R e rh IR E HE B Ik 95%, MCRBUAE ST iESRTT 10 154
PA L

FERE G AR RIS, W 2R SR LB BRAE SE I REAL . A7 BHAE IR H 3T U-Net HITZ A 45,
i B R I 25, A2 SR B BidfE ORI AE 1 L DS 2 IR 0 HE TR 3038 85%, Mk T N AR A R
S 5 RUIY, A B A5 AIT 2 PR G R 5 A e £ ) 2% ] [ N S BRI JEAG I 5 bR A 1, 2 AN I Sz 51l 28 1 L vk g
WT ARG Tk BRI, RARTAEHET U-Net BTVESRIL L Z RN R, #ER 258 90%, JuHEH T
g X M,

TEMNFE S 8 5 A h, RS B AN (PINND RILMRH . THR5E4EH, PINN & ksl 7%
HuJFALEE, A8 5k 2 S T RS FE R AT B SRS AR T 20%;  Sun SRREIBE LR G IR 22 SIHESE, fdik
JE AR SO BE TP 30%,  HL25 AR T 155 & b o e

2.2 MFH ARSI

WFHRAGZ N B2 0FB, N TR BHARAE ML EN . AN RN E T R 2.

2k A 54 Z S HTIN T T, LSS 2 2] B U R B 2k SRS R ) . 9K AR R S5 TP ph 22 1)
2% (RNN) M2k, 5L 507 A R IR T 15%; 204 FIBR s W #2F1H (GPR) il 7
TOC & &, Wit Ei, SEVIE A 90%, T Schmoker i4A1 Passey 1201, i )22 H i+,
XTHEFENL (SVM)  BENLARMRSESIVES BT 2 N, TLEVER] SR AR BE A d o R B A, e R
80%; HIMEERLG 2 REEFFESE BB S 3 2 IhL], AEEUE b5 5 A RO HETR 26k 92%(15,

G R SR R R . A R VLAFHR 5 T- 250 Criminisi H0E 1K) FMI BBIBE 771, 456 GAN
EXE B IWLUR A R4 FIRAY, Dice REUEL MUBIAISET 5%14;  SORSR SRl & 22 PR B 27 S 1A,
TE G H 2585 F Dice REUE 90%, & E T A H BRI RE R 1,

WARENTTH, 228G TTEMREE . T404 BIBNE I SR BRI #h s SRR, &5
G 4 S5 2K S A, IR AHER R 85%0); BT HMZSH A 1 B &KL, BESSHAE
WAIRERIET 10%-15%

2.3 $hHSmE TIZSUE

B TR 5 ECE B B B R TRt . X TS 5 3 .

BReBEH I, MACSIRIRTI AR S etk XIGERE T, B FE S M 2 & s B IR PUE B e
AL, BB SE T 15%-20%7; JF LSTM AR ] S N FL B 0 S 3080 Ty, I HERA 28 90%,
BEAR T XG0 R A 748 DU A DrillPlan 52 %¢, 81T AL SARERE H vt 18] LA 4 22 J LR U3,

MHGEENA R, N TR R At . FidkseiE T LSTM Al FHRp v 35 7Kk 00 E TR A, 3%
ZAKT 8%, M EGUKII L% PR SER HE RN T B AR B K SO, KL de
B EARIET, FEFR A TS T, SKELAEA I 46 AR W0 45 b i VA B2 AR R, RS R A2 TRE AR,
TR T E AR,

AEH R TR, B REBOR AR R 2% 2 P MRS 2 US4 H 1 O R B RE 70 BT 22 4t FalconCore,
SEILAT o VR 5 FLBR G R 7 BT i) — B 3 AR B, T 100 £ PA_EDOL B3 e BE BB 1 e T
HFLEER e M, TG THPON B aiam ., SEOHEHER R 90%.
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2.4 FAGHSEMRPRIATERENA

K BHEAGRMARTIRMEERESE X, NTHEBEHAREE 5 T IR R MEEH

FRESRH, WoKHUE SR A MGG ML . 20 TP A ), TR IR (kT
GAN [fE B £ ATRE S RIHE S, EMbiE Tt 25%0; fEWZ 0, SRR IE 2 2
M1, 3DSwinTrans-Unet #5754 454 Transformer 53RN 2%, Wi )/Z 10 SR 575 I FE 2 T+ 20%.

WFT7 T, K il s R RSN 1 i 4 1R 568 2 VPN AR Be 0% . A VL BB A& (il - ith 48 B 30
RERIE 77k, BT IR AL S S 2 20 I 2R UL HD, HERf %K 95%, RV T4 40 T3R8 IE RCRAR 1 1) & 5
TERKORIR 6 A 1 Z VP e, BG5S 508 () 22 BB Y, LR R TR0 3= ZE 4% I HE 5% LA &
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