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Abstract

Artificial intelligence (Al) has revolutionized drilling operations and well integrity
management in unconventional reservoirs, especially in shale gas exploration. By harnessing
machine learning algorithms and real-time data analytics, Al enables informed decision-
making, predicts operational challenges, and optimizes drilling parameters. In the dynamic
environment of unconventional reservoirs, Al adapts to changing conditions, enhancing safety
and efficiency. It proactively identifies hazards, mitigates risks, and ensures reliable well
structures. Post-drilling, Al facilitates continuous learning, driving cost savings and
productivity gains. Overall, integrating Al-based monitoring and control systems holds

immense promise for sustainable and efficient shale gas exploration.
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General Introduction

In recent years, the energy landscape has witnessed a transformative shift, driven by the
increasing demand for cleaner and more sustainable sources of energy. In this pursuit,
unconventional reservoirs, particularly shale gas formations, have emerged as critical
resources to meet global energy needs. However, unlocking the vast potential of shale gas
reserves entails navigating through complex geological formations and challenging drilling
conditions. This necessitates the utilization of cutting-edge technologies to optimize drilling
operations and maximize resource recovery.

The exploration and extraction of hydrocarbons from unconventional reservoirs,
particularly shale gas, have become increasingly important as global energy demands rise and
conventional reserves decline. However, these processes are fraught with complexities that
require innovative approaches to ensure efficiency, safety, and environmental protection. One
of the paramount challenges in shale gas extraction is maintaining the integrity of wells
throughout their entire lifecycle, from drilling and completion to production and
abandonment.

This project, titled ™ Artificial intelligence-based monitoring and control of drilling
operation and well integrity in unconventional reservoirs shale gas exploration "A

Comprehensive Case Study on Well Integrity Throughout the Full Life Cycle" " aims to
explore the potential of artificial intelligence (Al) in revolutionizing the monitoring and
control mechanisms in drilling operations. By leveraging Al technologies, we seek to enhance
the precision, reliability, and safety of these operations, thereby addressing the multifaceted
challenges posed by unconventional reservoirs.

The study takes a detailed look at the case presented by Lloyd H. Hetrick, PE, CSP from
Newfield Exploration Company. His work provides a comprehensive analysis of well
integrity management over the full lifecycle of a well, highlighting the critical points where
failures may occur and the preventive measures that can be implemented. Our project builds
upon this foundation by integrating Al-driven solutions to continuously monitor well
conditions, predict potential issues, and optimize control strategies in real-time.

Al technologies such as machine learning, neural networks, and data analytics offer
unprecedented capabilities in handling vast amounts of data generated during drilling and
production. These technologies can identify patterns and anomalies that may be imperceptible
to human operators, thus providing early warnings of potential failures and allowing for
timely interventions. Furthermore, Al can facilitate the development of predictive
maintenance schedules, optimize resource allocation, and reduce downtime, ultimately

leading to more efficient and cost-effective operations.
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In this project, we will explore various Al methodologies and their applications in the
context of shale gas exploration. We will conduct simulations and field tests to evaluate the
effectiveness of these Al-based systems in real-world scenarios. Our goal is to develop a
robust framework that not only ensures well integrity but also enhances overall operational
efficiency and safety.

Through this research, we aim to contribute to the broader field of petroleum
engineering by demonstrating the viability and benefits of integrating Al into drilling
operations. The findings of this study have the potential to set new standards for well integrity
management in unconventional reservoirs, providing a pathway for the industry to adopt more

advanced, data driven approaches to tackle the challenges of the future.

Research problem:

The problematique surrounding the theme of "Artificial Intelligence (Al) based
Monitoring and Control of Drilling Operations and Well Integrity in Unconventional
Reservoirs for Shale Gas Exploration” is multifaceted and critical. Let's delve into the key

challenges and considerations:

1. Complexity of Drilling Operations:
— Dirilling in unconventional reservoirs, such as shale gas formations, involves intricate
processes with numerous variables.
— Real time monitoring of drilling parameters (e.g., pressure, temperature, flow rates) is
essential for safe and efficient operations.
— Traditional methods often rely on direct measurements, which may be limited or
unreliable due to harsh down hole conditions.
2. Data Uncertainty and Quality:
— Sensor data quality can be compromised by noise, calibration errors, and sensor
failures.
— Al models must handle imperfect data to provide accurate insights.
— Problematique: How can Al mitigate the impact of bad data on drilling process
monitoring?
3. Predictive Modeling and Decision Support:
— Al enables predictive modeling to anticipate down hole conditions and optimize
drilling parameters.

— Decision support systems based on Al can guide drillers in real time.
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— Problematique: How can Al models effectively predict bottom hole pressure during
managed pressure drilling, considering the dynamic nature of the operation?

4. Ensemble Approaches and Grey Box Models:

— Ensemble approaches combine opinions from multiple experts to enhance accuracy
and robustness.
— Grey box models integrate physical models with Al techniques.
— Problematique: Which approach strikes the right balance between accuracy and
interpretability for drilling process monitoring?
5. Human Al Interaction:
— Al augments human intelligence but does not replace it.
—  Drillers need to understand Al recommendations and trust the system.
— Problematique: How can we ensure effective collaboration between Al and human
drillers?
6. Well Integrity Monitoring:
— Ensuring well integrity is crucial for safety and environmental protection.
— Al can detect anomalies (e.g., annulus leakage) from sensor data.
— Problematique: How can Al based well integrity monitoring be practically
implemented across different well types (gas lift, natural flow, water injector)?
In summary, the intersection of Al and drilling operations presents exciting
opportunities, but addressing these challenges is essential for successful implementation.
Researchers and practitioners must collaborate to develop robust Al solutions that enhance

drilling efficiency, safety, and well integrity in unconventional reservoirs.

Research objectives:

The research objectives in the context of "Artificial Intelligence (Al) based Monitoring
and Control of Drilling Operations and Well Integrity in Unconventional Reservoirs for Shale
Gas Exploration™ are pivotal for advancing our understanding and practical implementation.

Let's outline these objectives concisely:

1. Enhanced Real Time Monitoring:

— Develop Al models that continuously monitor drilling parameters (e.g., rate of
penetration, weight on bit, mud flow) in real time.

— Objective: Achieve accurate and robust monitoring to optimize drilling performance.
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2. Predictive Insights for Decision Support:
— Utilize Al algorithms to predict down hole conditions and optimize drilling
parameters.
— Objective: Enhance decision making during drilling operations.
3. Bit Malfunction Detection:

—  Detect anomalies (e.g., bit balling) using Al techniques.

— Objective: Early identification of bit failures to prevent costly delays.
4. Integration of Laboratory and Field Data:

— Validate Al models using both laboratory experiments and field data.

— Objective: Ensure model effectiveness across different operational scenarios.
5. Human Al Collaboration:

—  Foster effective collaboration between Al systems and human drillers.

— Objective: Leverage Al as an intelligent assistant, augmenting human expertise.
6. Cost Optimization and Safety Maintenance:

— Reduce drilling costs while maintaining safety standards.

—  Objective: Enhance overall project economics and minimize operational risks.

In summary, these research objectives aim to harness Al's potential for safer, more

efficient drilling in unconventional reservoirs.

Work methodology:

The methodology for research in the context of “Artificial Intelligence (AI) based
Monitoring and Control of Drilling Operations and Well Integrity in Unconventional
Reservoirs for Shale Gas Exploration” is crucial for successful execution. Here’s a concise

outline of relevant methodological approaches:

1 Data Collection:
Laboratory and Field Data: Gather drilling data from both laboratory experiments and
real-world field tests.

Historical Data: Utilize historical drilling records and reports.

2 Data Preprocessing:
Cleaning and Normalization: Address outliers, handle missing data, and normalize
variables.

Feature Selection: Identify relevant drilling parameters for analysis.
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3 Modeling:

Feed Forward Neural Networks: Develop a model to predict the rate of penetration
(ROP) using input parameters such as weight on bit, rotations per minute, mud flow (GPM),
and differential pressures.

Dimensionality Reduction: Reduce data dimensionality to understand the impact of

drilling parameters on ROP.

4 Validation and Extension:
Lab to Field: Validate the model using field data.
Operational Optimization: Optimize input parameters when the bit is

underperforming.

5 Human Al Collaboration:
Effective Partnership: Foster collaboration between Al systems and human drillers.
Operator Training: Train operators to interpret Al recommendations effectively.
In summary, a rigorous methodology combining experimentation, modeling, and
validation is essential to fully leverage AI’s potential in drilling performance monitoring and

optimization.

Organization of memory:

The memory begins with an introduction to the context of creating Aurtificial
Intelligence (Al) based Monitoring and Control of Drilling Operations and Well Integrity in
Unconventional Reservoirs for Shale Gas Exploration “collect, problems and objects of the
travel across our:

Chapter 1: Foundations and uses of artificial intelligence: definitions, history, and ethics.

Chapter 2: Generalities about shale gas in unconventional reservoirs.

Chapter 3: The Application of Intelligence Acrtificial in Monitoring And Control In Gas Shale
Exploration Of Unconventional Reservoir

Chapter 4: Al Based Well Integrity: A Case Study for Well Integrity over a Full Life Cycle
by Lloyd H. Hetrick, PE, CSP Newfield Exploration Company

This memory ends with a conclusion that relates the results to the end of this study.
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I-Introduction:

Artificial Intelligence (Al) stands as a revolutionary force reshaping our world. It
represents humanity's relentless pursuit of replicating and augmenting cognitive abilities
through machine learning, robotics, and more. Across healthcare, finance, education, and
daily life, Al's impact is profound, offering unprecedented insights and efficiencies.

In healthcare, Al algorithms revolutionize diagnostics and personalized treatment,
promising improved patient outcomes. Similarly, in finance, Al-driven analytics transform
investment strategies and fraud detection, reshaping global markets. Education sees a
paradigm shift with Al enabling personalized learning experiences, enhancing engagement
and knowledge retention.

Yet, alongside its promise, Al raises ethical concerns about bias, accountability, and
societal impacts. Navigating these challenges requires a balanced approach prioritizing
fairness, transparency, and human well-being in Al development and deployment.

This article explores Al's multifaceted impact on society, highlighting both its
opportunities and challenges by delving into Al's role across domains, we aim to foster
understanding and responsible integration into the fabric of society.

Haut du formulaire

I1-Significance across domains :

I1-1-Healthcare:
Al applications in healthcare are transforming patient care, diagnosis, and treatment.
From predictive analytics to personalized medicine, Al enables healthcare professionals to

make informed decisions and improve outcomes.

I1-2-Finance:
the financial sector, Al algorithms analyze vast amounts of data to detect fraudulent
activities, predict market trends, and optimize investment strategies. Robo-advisors and

algorithmic trading platforms are just a couple of examples of Al's influence in finance.

11-3-Manufacturing:
The integration of Al-powered robotics and automation is revolutionizing the
manufacturing industry, leading to increased productivity, higher quality products, and
reduced operational costs. Smart factories equipped with Al technologies are paving the way

for the future of manufacturing.
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11-4 Transportation:
Al is driving innovation in transportation, from self-driving cars and drones to
predictive maintenance systems for trains and airplanes. These advancements promise safer,

more efficient and sustainable modes of transportation.

11-5-Entertainment:
Al is enhancing the entertainment industry through personalized content
recommendations, virtual assistants, and immersive experiences like virtual reality and
augmented reality. Content creation and distribution are becoming more efficient and tailored

to individual preferences.

I11-Motivation behind the article:

The motivation behind exploring the significance of Al across various domains stems
from the transformative potential it holds for society. By delving into the multifaceted
applications of Al, this article aims to shed light on how this technology is reshaping
industries, driving innovation, and addressing complex challenges. Moreover, understanding
the broad scope of Al's impact underscores the importance of ethical considerations,
regulation, and collaboration to harness its benefits responsibly.

As we navigate the era of artificial intelligence, it's crucial to recognize its profound
implications and embrace its potential to propel humanity forward into a future where

innovation knows no bounds.

I\VV-Historical overview of Al:

IV-1- Origins (1950s):

Alan Turing's seminal paper "Computing Machinery and Intelligence™ (1950) proposed
the Turing Test as a measure of a machine's intelligence, sparking early discussions about
machine intelligence. Turing's theoretical concept of a universal computing machine laid the
groundwork for the development of Al by suggesting that machines could simulate human
intelligence. The Dartmouth Conference in 1956, organized by John McCarthy, Marvin
Minsky, Nathaniel Rochester, and Claude Shannon, marked the official birth of the Al field

and set the agenda for Al research.

I\VV-2-Early Exploration (1950s - 1960s):
Early Al research focused on symbolic reasoning and problem-solving. Researchers

aimed to create programs capable of logical reasoning and solving complex problems. The
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Logic Theorist, developed by Newell and Simon in 1956, was the first Al program capable of
proving mathematical theorems. The General Problem Solver (GPS), introduced by Newell
and Simon in 1957, was designed to tackle a wider range of problems using heuristic search

techniques.

IV-3Expert Systems (1970s - 1980s):

Expert systems emerged as a dominant Al approach, aiming to replicate human
expertise in specific domains. Notable examples include MYCIN, developed in the 1970s for
diagnosing bacterial infections, and DENDRAL, a system for analyzing chemical compounds.
Expert systems showcased Al's potential in practical applications and led to increased interest

from both academia and industry.

IVV-4-Neural Networks Resurgence (1980s - 1990s):

Despite initial setbacks, interest in neural networks surged in the 1980s, driven by
advancements in computational power and new learning algorithms. The backpropagation
algorithm, proposed in the 1980s, enabled efficient training of neural networks, leading to
improved performance. Convolutional Neural Networks (CNNSs), introduced in the 1990s,

revolutionized image processing tasks and paved the way for deep learning.

IV-5-Machine Learning Revolution (2000s - present):

The 21st century witnessed a machine learning revolution fueled by the exponential
growth of data and computational resources. Deep learning techniques, particularly deep
neural networks, achieved breakthroughs in various Al tasks, including image recognition,
natural language processing, and gameplaying. Notable achievements include AlphaGo's

victory over human Go champions and advancements in autonomous vehicles.( Figure 1)
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Figure 1: Important Al milestones from 1950 to 2017.[1]

IV-6-Current Landscape and Future Directions:

Al has become ubiquitous across industries, with applications in healthcare, finance,
transportation, and entertainment. Ongoing research focuses on addressing challenges such as
ethical Al, explainable Al, and Al bias to ensure responsible Al deployment. The integration
of Al into everyday life presents both opportunities and challenges, shaping the future of
society in profound ways.

Throughout its history, Al has undergone significant evolution, driven by breakthroughs
in algorithms, computing power, and data availability. The journey of Al from its origins to
the present day reflects humanity's continuous quest to unlock the mysteries of intelligence

and create machines capable of emulating human-like capabilities.[2]

V-Foundations of Al:

Symbolic Al, also known as classical or rule-based Al, relies on symbolic manipulation
and logical reasoning to solve problems. It represents knowledge using symbols and rules and

employs techniques such as expert systems and knowledge graphs to perform tasks. Key

10
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concepts include propositional and first-order logic, knowledge representation, and inference
mechanisms such as resolution and backward chaining. Symbolic Al excels in domains where
problems can be precisely defined and where explicit rules and logic govern the solution
process.

Machine Learning (ML) is a cornerstone of modern Al, focusing on algorithms that
enable computers to learn from data and improve performance without explicit programming.
Supervised learning, unsupervised learning, and reinforcement learning are the primary
paradigms of machine learning, each with its own set of algorithms and techniques. Key
concepts include regression, classification, clustering, dimensionality reduction, neural
networks, and deep learning. ML techniques excel in tasks involving pattern recognition,
prediction, and decision-making, making them indispensable across various domains.

Probabilistic reasoning provides a framework for reasoning under uncertainty, allowing
Al systems to make decisions based on probabilities and likelihoods. Bayesian networks,
Markov models, and probabilistic graphical models are common tools used for probabilistic
reasoning. Key concepts include Bayesian inference, conditional probability, and probabilistic
graphical models. Probabilistic reasoning is essential for applications such as medical
diagnosis, natural language processing, and autonomous systems, where uncertainty is

inherent. (Figure 2)
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Figure 2: A simple Bayesian network, with the associated conditional probability tables. [2]

V-5-Neural Networks and Deep Learning:

Neural networks, inspired by the structure and function of the human brain, have
become a dominant paradigm in Al, particularly with the advent of deep learning. Deep
learning architectures, characterized by multiple layers of interconnected neurons, excel in
learning complex patterns from large datasets. Key concepts include artificial neurons,

activation functions, convolutional neural networks (CNNs), recurrent neural networks

11
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(RNNSs), and transformers. Neural networks and deep learning have revolutionized tasks such
as image recognition, speech recognition, and natural language understanding, achieving

human-level performance in many domains.( Figure3)

Artificial Intelligence

Machine
Learning

Deep
Learning

Figure3: Machine learning as a subset of Artificial Intelligence.

V-2-Evolutionary Computation :

Evolutionary computation draws inspiration from Darwinian principles of natural
selection and genetic algorithms to solve optimization and search problems. Genetic
algorithms, genetic programming, and evolutionary strategies are common techniques used in
evolutionary computation. Key concepts include genetic representation, selection, crossover,
mutation, and fitness evaluation. Evolutionary computation is particularly suited for problems
with large search spaces and nonlinear optimization objectives, such as scheduling, design
optimization, and game playing.

The foundations of Al are multifaceted and interdisciplinary, drawing from
mathematics, computer science, psychology, and neuroscience. By synthesizing these diverse
disciplines, Al researchers continue to push the boundaries of intelligence, creating systems
capable of solving increasingly complex and challenging problems. As Al evolves, the
integration of these foundational concepts will remain paramount in driving innovation and

progress in the field.

VI1-Applications of Al:

Artificial Intelligence (Al) has emerged as a transformative force across industries,
offering innovative solutions to complex problems and revolutionizing the way we work, live,

and interact with technology. With advancements in machine learning, natural language

12
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processing, computer vision, and robotics, Al has diversified its applications, impacting
sectors ranging from healthcare and finance to transportation and entertainment. In this
article, we delve into the myriad applications of Al, highlighting its profound impact on

various domains and exploring how it continues to shape the future of human civilization.

VI-1-Healthcare:

Al is reshaping the healthcare landscape by facilitating early disease detection,
personalized treatment plans, and efficient patient care. Machine learning algorithms analyze
medical images, such as X-rays and MRIs, to identify abnormalities and assist radiologists in
diagnosing conditions like cancer and cardiovascular diseases. Natural language processing
enables Al-powered virtual assistants to transcribe clinical notes, extract relevant information
from electronic health records (EHRs), and assist healthcare professionals in documentation
and decision-making. Predictive analytics models leverage patient data to forecast disease
progression, identify high-risk individuals, and recommend preventive interventions, leading
to improved outcomes and reduced healthcare costs.

VI-2-Finance:

Al algorithms play a crucial role in financial services, powering fraud detection, risk
assessment, and algorithmic trading. Fraud detection systems analyze transactional data in
real-time to identify suspicious patterns and prevent fraudulent activities, safeguarding
financial institutions and their customers. Al-driven chatbots and virtual assistants enhance
customer service by providing personalized financial advice, assisting with account inquiries,
and facilitating seamless transactions through natural language interaction. Algorithmic
trading platforms utilize machine learning algorithms to analyze market trends, execute
trades, and optimize investment portfolios, leading to increased efficiency and improved

investment performance.

VI1-3-Transportation:

Al technologies are driving innovation in transportation, enabling autonomous vehicles,
optimizing logistics operations, and enhancing passenger safety. Self-driving cars employ
computer vision, sensor fusion, and machine learning algorithms to perceive their
environment, navigate roads, and make real-time driving decisions, reducing accidents and
traffic congestion. Al-powered traffic management systems leverage data from sensors,
cameras, and GPS devices to optimize traffic flow, minimize travel time, and mitigate

congestion in urban areas. Predictive maintenance algorithms analyze sensor data from

13
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vehicles, trains, and aircraft to identify potential equipment failures, schedule maintenance

tasks, and prevent unexpected breakdowns, ensuring operational reliability and efficiency.

VI-4-Education:

Al is transforming the education sector by personalizing learning experiences,
improving educational outcomes, and expanding access to quality education. Adaptive
learning platforms use machine learning algorithms to assess students' proficiency levels,
tailor instructional content to their individual needs, and provide real-time feedback and
remediation. Intelligent tutoring systems analyze student performance data to identify learning
gaps, recommend personalized learning paths, and support mastery learning, fostering student
engagement and academic achievement. Virtual reality (VR) and augmented reality (AR)
technologies create immersive educational experiences, allowing students to explore complex
concepts, conduct virtual experiments, and engage in collaborative learning activities,
enhancing retention and understanding.

VI-5-Entertainment:

Al-driven technologies are revolutionizing the entertainment industry, powering content
recommendation, creative production, and immersive experiences. Recommendation
algorithms analyze user preferences, viewing history, and social interactions to personalize
content recommendations for movies, TV shows, music, and games, enhancing user
engagement and satisfaction. Al-generated content, such as artwork, music compositions, and
storytelling narratives, enables artists and creators to explore new creative possibilities,
automate repetitive tasks, and generate original content at scale. Virtual reality (VR) and
augmented reality (AR) applications offer immersive entertainment experiences, allowing
users to explore virtual worlds, interact with virtual characters, and participate in interactive
storytelling experiences, blurring the boundaries between reality and virtuality.

The applications of Al are vast and diverse, spanning across industries and domains,
with the potential to transform every aspect of society. From healthcare and finance to
transportation and entertainment, Al-driven technologies are revolutionizing how we work,
learn, communicate, and entertain ourselves. As Al continues to evolve and mature, it is
essential to harness its power responsibly, address ethical considerations, and ensure
inclusivity and fairness in its deployment. By leveraging Al to address global challenges,
drive innovation, and enhance human well-being, we can create a future wherein intelligent
technologies empower individuals, businesses, and communities to thrive in a rapidly

changing world.

14
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VII-Current Trends in Al:

Artificial Intelligence (Al) continues to lead the forefront of technological innovation,
driving transformative changes across industries and reshaping the way we live, work, and
interact with technology. As Al technologies evolve and mature, several key trends have
emerged, shaping the trajectory of Al development and adoption. In this article, we explore
the current trends in Al, highlighting their implications and potential impact on various

domains.

VI11-1-Ethical Al and Responsible Al Development:

With the increasing deployment of Al systems in critical applications, there is a
growing emphasis on ethical Al and responsible Al development. Organizations are
prioritizing transparency, fairness, and accountability in Al algorithms and decision-making
processes to mitigate the risks of bias, discrimination, and unintended consequences. Ethical
guidelines, frameworks, and standards are being developed to ensure that Al technologies
uphold fundamental human rights, privacy, and ethical principles.

V1I-2-Explainable Al (XAl):

Explainable Al (XAI) has gained traction as a critical aspect of Al development,
particularly in applications where interpretability and transparency are essential. XAl
techniques aim to provide human-understandable explanations of Al models' predictions,
enabling users to trust, interpret, and verify the decisions made by Al systems. Interpretability
methods such as feature importance analysis, attention mechanisms, and model-agnostic
approaches facilitate the understanding of complex Al models and enhance their

interpretability

V11-3-Al for social good:

Al is increasingly being leveraged for social good initiatives, addressing pressing global
challenges and fostering positive social impact. Applications of Al for social good include
healthcare accessibility, environmental conservation, disaster response, poverty alleviation,
and humanitarian aid. Collaborative efforts between governments, non-profit organizations,
academia, and industry are driving the development and deployment of Al solutions to tackle
societal issues and promote sustainable development.

VI1-4-Edge Al and Federated Learning:
Edge Al, which involves running Al algorithms locally on edge devices such as
smartphones, 10T devices, and edge servers, has emerged as a key trend in Al deployment.
15
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Edge Al enables real-time processing, low latency, and privacy-preserving computation,
making it suitable for applications requiring offline inference, data privacy, and bandwidth
efficiency. Federated learning, a decentralized machine learning approach, allows multiple
edge devices to collaboratively train Al models without sharing raw data, addressing privacy

concerns and scalability challenges in distributed learning scenarios.

VI1I-5-Al-powered automation and augmentation:

Al-powered automation and augmentation are transforming industries by automating
repetitive tasks, enhancing productivity, and augmenting human capabilities. Robotic process
automation (RPA), cognitive automation, and Al-driven decision support systems streamline
business processes, improve operational efficiency, and enable data-driven decision-making.
Human-Al collaboration models, such as Al-assisted creativity, cognitive augmentation, and
collaborative robots (cobots), empower workers to perform tasks more efficiently and
effectively in diverse domains.

The current trends in Artificial Intelligence underscore the dynamic nature of Al
development and adoption, with a focus on ethical considerations, transparency, social
impact, edge computing, and human-Al collaboration. As Al technologies continue to evolve,
it is essential to address the challenges and opportunities posed by these trends, ensuring that
Al innovations contribute to a more inclusive, sustainable, and beneficial future for humanity.
By embracing responsible Al practices, fostering collaboration, and leveraging Al for social
good, we can harness the full potential of Al to address global challenges and shape

tomorrow's world for the better.

VI1lI-Ethical and societal implications:

As Artificial Intelligence (Al) becomes increasingly integrated into our daily lives, it
brings about profound ethical and societal implications that require careful consideration and
proactive measures. From concerns about privacy and bias to questions of accountability and
job displacement, the ethical dilemmas posed by Al technologies are complex and
multifaceted. In this article, we delve into the ethical and societal implications of Al,

exploring the challenges they present and proposing strategies to address them.

VI11-1-Privacy and data protection:
One of the foremost ethical concerns surrounding Al is the collection, storage, and use
of personal data. Al systems rely on vast amounts of data to learn and make decisions, raising

concerns about privacy infringement and data misuse. Safeguarding individuals' privacy
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rights requires robust data protection laws, transparent data practices, and mechanisms for
obtaining informed consent. Techniques such as differential privacy and federated learning
enable data sharing while preserving privacy, ensuring that sensitive information remains

secure and confidential.

VI11-2-Bias and fairness:

Al algorithms can inadvertently perpetuate and amplify biases present in training data,
leading to unfair outcomes and discriminatory decision-making. Addressing algorithmic bias
requires careful data selection, bias detection, and mitigation strategies throughout the Al
development lifecycle. Fairness-aware machine learning techniques, such as fairness
constraints and fairness-aware algorithms, promote equitable outcomes by mitigating bias and

ensuring algorithmic transparency and accountability.

VI1I1-3-Transparency and explain ability:

The lack of transparency and explain ability in Al systems undermines trust and
accountability, making it difficult to understand and challenge their decisions. Enhancing
transparency and explain ability in Al requires opening the black box of Al algorithms,
providing interpretable explanations for their decisions, and enabling users to understand and
verify their behavior.

Explainable Al (XAI) techniques, such as model interpretability methods and
transparency tools, facilitate human understanding of Al models and foster trust in their

predictions.

V1l1-4-Accountability and responsibility:

Al raises questions of accountability and responsibility, particularly in cases of Al-
driven errors, accidents, or harm. Establishing clear lines of accountability and responsibility
is essential to ensure that Al developers, deployers, and users are held accountable for the
consequences of Al systems' actions. Ethical guidelines, regulatory frameworks, and liability
laws play a crucial role in delineating accountability and defining the obligations of various

stakeholders in the Al ecosystem.

V111-5-Job displacement and economic impact:
The widespread adoption of Al technologies has the potential to disrupt labor markets,
leading to job displacement and economic inequality. Addressing the socio-economic impact
of Al requires investments in reskilling and upskilling programs, job creation initiatives, and

social safety nets to mitigate the effects of automation and promote inclusive economic
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growth. Collaborative efforts between governments, businesses, and educational institutions
are essential to ensure that Al-driven advancements benefit society as a whole and create
opportunities for all.

Navigating the ethical and societal implications of Artificial Intelligence requires a
multifaceted approach that balances innovation with responsibility, technological progress
with ethical considerations, and economic growth with social equity. By addressing issues
such as privacy, bias, transparency, accountability, and job displacement, we can harness the
transformative potential of Al while safeguarding fundamental human values and promoting a
more just and equitable future for all. As we continue to chart the course of Al development,
it is imperative to prioritize ethical principles, foster collaboration across stakeholders, and

uphold the collective responsibility to build Al technologies that serve the greater good.

IX-Challenges And Limitations:

Despite its transformative potential, Artificial Intelligence (Al) is not without its
challenges and limitations. From technical hurdles to ethical dilemmas, these factors shape the
development, deployment, and impact of Al technologies. In this article, we explore the key
challenges and limitations in Al, shedding light on the obstacles that must be overcome to

realize its full potential.

IX-1-Data limitations:

Al systems heavily rely on large volumes of high-quality data for training and learning.
However, obtaining clean, relevant, and diverse datasets can be challenging, particularly in
domains where data is scarce or biased. Data limitations can lead to model inaccuracies,
biased outcomes, and poor generalization, undermining the reliability and effectiveness of Al

applications.

IX-2-Algorithmic Bias:

Bias in Al algorithms, whether due to skewed training data or inherent design flaws,
poses a significant ethical challenge. Biased algorithms can perpetuate discrimination,
reinforce stereotypes, and lead to unfair outcomes, particularly in sensitive domains such as
hiring, lending, and criminal justice. Mitigating algorithmic bias requires careful data
curation, algorithmic fairness techniques, and ongoing monitoring and evaluation of Al

systems
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IX-3-Interpretability and explainability:

Al models often operate as "black boxes,"” making it challenging to understand and
interpret their decisions. Lack of interpretability and explainability hinders trust,
accountability, and regulatory compliance, particularly in high-stakes applications such as
healthcare and finance. Developing interpretable Al models and explainable Al (XAI)
techniques is essential for ensuring transparency, accountability, and user understanding of Al

systems' behavior.

IX-4-Ethical dilemmas:

Ethical considerations permeate every aspect of Al development and deployment, from
privacy and consent to fairness and autonomy. Balancing innovation with ethical principles,
navigating conflicting interests, and addressing societal impacts are ongoing challenges in the
Al ecosystem. Ethical frameworks, guidelines, and governance mechanisms are needed to
guide responsible Al development, promote ethical decision-making, and safeguard human

rights and dignity.

IX-5-Computational Complexity:

Many Al algorithms, especially deep learning models, are computationally intensive
and require significant computational resources, memory, and energy consumption. Scaling
Al models to handle large datasets and complex tasks can strain hardware infrastructure and
incur high computational costs. Addressing computational complexity requires advances in
hardware acceleration, optimization techniques, and algorithmic efficiency to make Al more

accessible, sustainable, and scalable.

IX-6-Human-Al collaboration:

As we navigate the complex landscape of Artificial Intelligence, it is essential to
acknowledge and address the challenges and limitations inherent in Al technologies. By
tackling issues such as data limitations, algorithmic bias, interpretability, ethics,
computational complexity, and human-Al collaboration, we can pave the way for responsible
Al development and deployment. By embracing transparency, fairness, and ethical principles,

We can.

X-Future directions

As Artificial Intelligence (Al) continues to evolve at a rapid pace, it is driving
innovation, shaping industries, and transforming societies. Looking ahead, several emerging

trends and future directions are poised to redefine the landscape of Al, unlocking new
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possibilities and addressing longstanding challenges. In this article, we explore the exciting

future directions in Al, envisioning the next frontier of intelligent technologies.

X-1-Al-Powered Personalization :
Future Al systems will offer hyper-personalized experiences tailored to individual
preferences, behaviors, and contexts. From personalized healthcare treatments to customized
educational pathways and curated entertainment content, Al will revolutionize how products

and services are delivered, enhancing user engagement and satisfaction.

X-2-Human-centered Al:

Human-centered Al focuses on designing Al systems that augment human capabilities,
enhance collaboration, and prioritize human well-being. Future Al technologies will prioritize
user-centric design, ethical considerations, and transparency, fostering trust and acceptance

among users and stakeholders.

X-3-Al ethics and responsible Al development:
The future of Al hinges on ethical considerations, responsible Al development, and
regulatory frameworks that govern Al technologies' deployment and impact. Future directions
in Al ethics will prioritize fairness, transparency, accountability, and inclusivity, ensuring that

Al technologies serve the greater good and uphold fundamental human rights and values.

X-4-Explainable Al and trustworthy Al:

Explainable Al (XAIl) will continue to be a critical focus area, enabling users to
understand, interpret, and trust Al systems' decisions. Future Al models will prioritize
interpretability, transparency, and accountability, providing human-readable explanations for
their predictions and behaviors. This emphasis on XAl will enhance user confidence and
facilitate collaboration between humans and Al systems, fostering greater trust and

acceptance of Al technologies.

X-5-Al for social good and sustainable development:

Al holds immense potential to address pressing global challenges and contribute to
sustainable development goals. Future directions in Al for social good include applications in
healthcare accessibility, environmental conservation, disaster response, poverty alleviation,
and humanitarian aid, leveraging Al technologies to createpositive societal impact and
promote equity and inclusion. By harnessing the power of Al for social good, we can work
towards building a better and more equitable world for all.
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X-6-Advancements i n Al research and development:

Future Al research will push the boundaries of innovation in areas such as
reinforcement learning, unsupervised learning, meta-learning, and neurosymbolic Al.
Breakthroughs in Al algorithms, architectures, and hardware will enable Al systems to
achieve human-level performance across a wide range of tasks, driving progress in fields such
as natural language understanding, computer vision, and robotics. These advancements hold

the potential to revolutionize industries and transform various aspects of our daily lives.

X-7-Al and interdisciplinary collaboration:

Interdisciplinary collaboration will indeed be key to unlocking Al's full potential and
addressing complex societal challenges. Future directions in Al will involve collaboration
across diverse disciplines, including computer science, cognitive science, psychology,
sociology, ethics, and law, fostering a holistic understanding of Al's societal implications and
ethical considerations. This collaborative approach will enable researchers and practitioners to
develop Al technologies that are not only technically advanced but also ethically sound and
socially beneficial.

XI-Navigating the Synergy: Investigating the Confluence of Artificial Intelligence and
Human Intelligence:

The nexus between artificial intelligence (Al) and human intelligence represents one of
the most significant and revolutionary crossings in the rapidly changing field of technological
advancement. Al has reached previously unheard-of heights as a result of the unrelenting
quest to increase computer power, which has also challenged the conventional lines that once
distinguished between the domains of human and machine cognition. The seamless
integration of artificial intelligence (Al) into our daily lives is heralding a new era, and it is
necessary to explore the complex dance between Al and human intelligence. This relationship
is symbiotic and has the potential to yield unprecedented advancements and transformative
possibilities.

Artificial intelligence began to take shape in the middle of the 20th century, with grand
goals of imitating and even surpassing human intelligence. Al has seen a paradigm shift from
its original conception as a discrete entity, divorced from the subtleties of human cognition
and emotion. Rather than operating in isolation, a symbiotic relationship between artificial
and human intelligence has begun to emerge, resulting in outcomes that are greater than the
sum of their separate parts.

The goal of this investigation is to understand the complex dynamics that characterize

this symbiotic partnership. We will explore the domains of thought, feeling, and creativity,
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from the historical development that resulted in the fusion of artificial intelligence and human
intelligence to the contemporary partnerships influencing diverse aspects of society. Ethical
issues will surface as we explore the potential and constraints of artificial intelligence and
human intellect, highlighting the necessity of responsible Al development and application.
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Figure4 : Canonical Al architecture consists of sensors, data conditioning, algorithms, modern
computing, robust Al, human-machine teaming, and users (missions). Each step is critical in
developing end-to-end Al applications and systems.

XI-1-Definition of artificial intelligence (Al) :

Artificial Intelligence (Al) refers to the capability of a machine, typically a computer
system, to imitate intelligent human behavior. It involves the development of algorithms and
computational models that enable machines to perform tasks that typically require human
intelligence. These tasks include learning from experience, understanding natural language,
recognizing patterns, solving problems, and making decisions. Al systems can range from
simple rule-based programs to highly complex neural networks and machine learning
algorithms.

Al can be categorized into two main types:

e Narrow or Weak Al: This type of Al is designed and trained for a specific task or a
narrow range of tasks. It excels in performing well-defined and specific operations but

lacks the broader cognitive abilities associated with human intelligence.
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e General or Strong Al: This refers to Al systems with the ability to understand, learn, and
apply knowledge across a wide range of tasks—similar to human intelligence. Achieving
true general Al remains an aspirational goal and is an area of ongoing research and
development.

Al applications are diverse and can be found in various fields, including natural
language processing, computer vision, robotics, expert systems, and machine learning. As
technology advances, the integration of Al continues to have a profound impact on industries,
society, and everyday life, with the potential to enhance efficiency, solve complex problems,

and create innovative solutions.

XI-2- Definition of human intelligence:

Human intelligence refers to the cognitive abilities and mental capacity of human beings
to acquire, understand, apply knowledge, reason, learn from experience, and adapt to different
situations. It encompasses a broad spectrum of mental processes and capabilities that
collectively contribute to the overall intellectual functioning of an individual. Human
intelligence is not limited to a single dimension but includes various aspects, some of which

are traditionally measured through intelligence tests.

XI-2-1- Key components of human intelligence include:

— Cognitive Abilities: This involves the capacity to process information, think
critically, solve problems, and reason logically.

— Learning and Memory: The ability to acquire, store, and retrieve information from
past experiences and apply it to new situations.

— Creativity: The capacity to generate novel and valuable ideas, solutions, or products,
often involving a combination of divergent thinking and problem- solving skills.

— Adaptability: The capability to adjust to changing environments, learn from new
experiences, and apply knowledge in different contexts.

— Emotional Intelligence: The ability to perceive, understand, manage, and regulate
one's own emotions and those of others, facilitating effective interpersonal
relationships.

— Communication Skills: Proficiency in expressing ideas, thoughts, and feelings
through language, both verbally and in writing.

— Social Intelligence: The understanding of social dynamics, empathy, and the ability to

navigate social situations effectively.
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Human intelligence is complex and multifaceted, and its measurement is often a topic of
ongoing debate within the fields of psychology and education. Intelligence tests, such as 1Q
tests, attempt to quantify aspects of human intelligence, but they may not capture the full
range of cognitive abilities and talents that individuals possess. Overall, human intelligence
plays a crucial role in shaping behavior, decision-making, and the overall adaptation of

individuals to their environments

XI-3- The evolution of Al and its impact on human society:
The evolution of Artificial Intelligence (Al) has been a transformative journey,
significantly impacting various facets of human society. The progression of Al can be traced
through several key phases, each marked by advancements in technology and the expanding

capabilities of Al system
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Figure 5 : National challenges and the role of Al.[3]

XI-4- The emergence of a symbiotic relationship between Al and human intelligence:
The emergence of a symbiotic relationship between Artificial Intelligence (Al) and
human intelligence marks a significant paradigm shift in the landscape of technology and
cognition. This evolving partnership is characterized by the mutual reinforcement and
collaboration between Al systems and human capabilities, creating synergies that go beyond

what either can achieve in isolation.
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XI-4-1- Cognitive Augmentation:

Enhancing Human Capabilities: Al is employed to augment human cognitive abilities,
offering tools and systems that facilitate faster and more efficient information processing,
analysis, and decision-making.

Complementary Skills: While Al excels in data processing and pattern recognition,
humans contribute creativity, emotional intelligence, and complex problem-solving skills.[4]
Xl1-4-2-Human-Al Collaboration:

Teamwork in Various Fields: Al systems and humans collaborate in fields such as
healthcare, finance, research, and creative arts, amplifying the strengths of both parties.[4]

Shared Decision-Making: Decisions are increasingly made collaboratively, with Al
providing insights based on data analysis, and humans contributing contextual understanding

and ethical considerations.

XI1-4-3-Adaptive Learning Environment:

Personalized Education: Al is used in educational settings to adapt learning materials to
individual needs, pace, and preferences, tailoring educational experiences for optimal
effectiveness.

Continuous Skill Enhancement: The symbiotic relationship allows for continuous skill

enhancement as Al systems provide opportunities for learning and upskilling.

XI-4-4-Human-Centric Al Design:

User-Centered Interfaces: Al interfaces are designed with a focus on user experience,
making technology more accessible and user-friendly.

Natural Language Processing: Advances in natural language processing enable more
intuitive interactions, allowing users to communicate with Al systems in a manner similar to

human conversation.

XI-4-5-Medical Advancements and Healthcare Support:

Diagnosis and Treatment: Al aids healthcare professionals in diagnosing diseases,
analyzing medical images, and developing personalized treatment plans.

Remote Monitoring: Al-powered devices and applications enable remote patient

monitoring, enhancing healthcare accessibility and efficiency.

X1-4-6-Creative Collaboration:
Artistic Expression: Al tools contribute to artistic endeavors, ranging from music

composition to visual arts, collaborating with human creatives to produce innovative and
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unique works. Innovation in Design: Al algorithms assist in design processes, generating

novel solutions and inspirations that complement human creativity.

XI-4-7-Efficiency and Automation in Industry:

Workflow Optimization: Al-driven automation streamlines industrial processes,
improving efficiency and precision.

Human-Machine Integration: Humans work alongside Al-powered machines,

combining manual dexterity with Al precision in manufacturing and other industries.

XI1-4-8-Social Interaction and Assistive Technologies:

Virtual Assistants: Al-powered virtual assistants enhance daily life by providing
information, managing tasks, and facilitating communication.

Assistive Devices: Al contributes to the development of assistive technologies,
empowering individuals with disabilities to engage more fully in various activities.

As the symbiotic relationship between Al and human intelligence deepens, it brings
forth a future where the integration of these two entities leads to unprecedented
advancements, addressing complex challenges, and enriching the human experience. The
careful navigation of ethical considerations, transparency, and responsible development

becomes crucial in ensuring the positive evolution of this collaborative partnership.

XI-5-Early developments in Al and its initial separation from human intelligence
The early developments in Acrtificial Intelligence (Al) were characterized by ambitious
aspirations to replicate human intelligence through rule-based systems and symbolic
reasoning. However, these early endeavors faced significant challenges, and the initial

separation from human intelligence became apparent in several key ways.[5]

XI-6- Symbolic Al and Rule-Based Systems (1950s-1960s):

Logic and Symbolic Representation: Early Al researchers believed that human
intelligence could be emulated by using formal logic and symbolic representations of
knowledge. This approach aimed to encode human expertise through explicit rules.

Limited Scalability: The rule-based systems faced challenges in handling the
complexity and ambiguity inherent in real-world problems. As the systems grew, their
scalability became a significant hindrance.

Lack of Sufficient Computing Power: Computational Constraints: During the initial
years, computing power was limited, restricting the capacity of Al systems to process vast

amounts of data or perform complex computations.
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Slow Progress: The lack of computational resources hindered the development of Al
models capable of handling the intricacies of human intelligence.

Failure of Early Machine Translation Systems:  Overly Optimistic Expectations:
In the late 1950s and early 1960s, there was optimism that machine translation, a significant
early application of Al, could quickly achieve human-level proficiency.

Unmet Expectations: However, early machine translation systems fell short of

expectations due to the complexity of language understanding and translation.[5]

XI-7-Al Winter (1970s-1980s):

Funding and Interest Decline: The field of Al experienced a period known as "Al
winter" during the 1970s and 1980s, marked by a decline in funding and waning interest.
Unmet expectations and perceived limitations of early Al technologies contributed to this
downturn.

Divorce from Cognitive Science: Some researchers shifted away from attempts to

mimic human cognitive processes, distancing Al development from cognitive science.

XI1-8- Expert Systems and Lack of Learning Capability:

Expert Systems: In the 1980s, Al research focused on expert systems that encoded
knowledge from human experts. These systems lacked the capacity for learning and
adaptation.

Inability to Generalize: Early Al systems struggled to generalize their knowledge and

apply it to unfamiliar situations, unlike the versatile learning abilities of humans.

XI1-9- Absence of Machine Learning Paradigms:

Limited Adaptability: Early Al systems were primarily rule-based and lacked the
adaptability and learning capabilities that characterize human intelligence.

Shift Towards Machine Learning: The separation from human intelligence started to
diminish with the re-emergence of machine learning approaches in the late 20th century.

These early developments in Al reflected a divergence from attempts to directly
replicate human intelligence through rule-based systems. The limitations in computational
power, unmet expectations, and the absence of learning capabilities led to a reevaluation of Al
approaches, eventually paving the way for the resurgence of the field with the advent of
machine learning and neural networks in later decades.

Moreover, by looking at case studies from the actual world, we can see the concrete

effects of this interaction between silicon and synapses. This studying the relationship
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between artificial intelligence and human intelligence is important for our civilization's future
and goes beyond academic research. It necessitates a careful consideration of the moral,

social, and financial ramifications of this revolutionary partnership.[6]

XI1I-Conclusion:

As we embark on the next chapter of Al innovation, the future holds immense promise
for intelligent technologies to shape a better world. By prioritizing ethical principles, human-
centric design, and responsible Al development, we can harness the transformative power of
Al to address global challenges, enhance human well-being, and create a more equitable and
sustainable future for all. As we chart the course of Al's evolution, let us embrace the
opportunities, navigate the challenges, and work together to unlock Al's full potential as a

force for good in the world.
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Chapter 11 Generalities about shale gas in unconventional reservoirs.

| -Definition of Unconventional Gas Reservoirs

Conventional natural gas comes from permeable reservoirs, typically composed of
sandstone or limestone, where extraction is relatively straight forward because the gas
generally flows freely. In contrast, unconventional gas is situated in rocks with extremely low
permeability, which makes extracting it much more difficult at economic flow rates nor in
economic volumes of natural gas unless the well is stimulated by a large hydraulic fracture
treatment, or special processes and technologies. An unconventional gas reservoir can be deep
or shallow; high pressure or low pressure; high temperature or low temperature; blanket or
lenticular; homogeneous or naturally fractured; and containing a single layer or multiple
layers.

Once the well is drilled, completion realized then perforated, the hydrocarbons can flow
in all directions converge towards the wellbore, under the effect of a pressure difference and
permeability (Figure6). This flow covers a surface called drain surface and which is bounded
by a radius of drain or barriers. Elsewhere in the unconventional field (Shale), the reservoir is
a rock with organic- rich matter, slightly porous and has a permeability extremely low (Nano

Darcy).

Figure 6: Drainage area in a conventional reservoir. [10]

The unconventional gas reserves chiefly include: tight gas, coal bed methane, hydrate

gas and shale gas.
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I1- Shale Gas Exploration:

1-Definition of shale gas

Shale is a very fine-grained sedimentary rock, easily breakable into thin, parallel layers.
The rock is very soft but doesn't dissolve in water [6]. Shale rocks act as both the source of
the natural gas and the reservoir that contains it. Natural gas is stored in the shale in three
forms: free gas in rock pores, free gas in natural fractures, and adsorbed gas on organic matter
and mineral surfaces. These different storage mechanisms affect the speed and efficiency of
gas production [8]. Shale reservoirs can be very shallow at 76 metersto much greater
depths near 2,500 meters [9]. For the majority, the shale layers are between 76 and 1400

meters with a thickness of around 135 meters.

2-1-The genesis of shale gas

The genesis of shale gas and the same genesis of oil, natural gas, and charbon. These
were formed over millions of years when conditions favorable were met. All these elements
are rich in carbon and derive from transformation of organic materials (plant and/or animal).
The great period of this transformation is the Carboniferous, at the end of the Paleozoic there
are 359 to 299 million years (Ma) but not only. Also other favorable periods which are called
the Silurian (from 443 to 416 Ma), the Jurassic (from 199 to 145 Ma), and the Cretaceous
(from 144 to 65 My) (Figure 7). [10]

Echelle dos temps géologiques
Eon Ere Periode Epoque

Holocéne
Quaternaire 0,01
Pleistocéne

Pliocene

Cénozoique Miocene
23
Oligoce
Tertiaire : 7 34
Eocéne
56
Paléocene
65
FPhandrozoique Crotace

Mésozoique Jurassique

Figure 7: Geological time scale. [10]
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The formation of energetic materials requires an environment rich in matter organic
quickly buried to prevent its oxidation and its deepening to its transformation under the
combined action of temperature and pressure. [10]

Organic matter made up of plant and animal fragments of different sizes will mix with
the sediment. The sediments pile up in successive layers(Figure 8).

These sediments come from erosion (sand, clay), biological activity (limestone), or the
evaporation of water from lagoons (gypsum, salt)... Covered by other layers, these layers of
sediment are compacted: the water is expelled, the density increases. During the natural burial
which takes place gradually, the pressure, the temperature. Salts minerals contained in the
water have precipitated and lead to a sort of cement: The loose sediments from the beginning

have transformed into solid rock. [11]

Figure 8: Burial of organic matter by sedimentary deposits. [11]

Following this burial, the sediments, mainly clayey and rich in materials organic (they
will therefore tend to be black) will begin their process of transformation as a function of
depth. [12] (Table 1).
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Table 1: transformation of organic matter as a function of depth

Depth (meter) Transformation Description

Gas produced in low
0-1000 Natural gas (methane) | quantity and quality because it is associated with
other compounds (H20,CO....... )

Oil and a little natural thermal maturation and transformation
2000-3000 _
gas thermogenic
3000-4000 Large amount of
Beyond 4000m gas becomes dry and pure.
and more natural gas

So, hydrocarbons are qualified as fossil fuels because their use place was achieved over
geological time periods. They are not renewable. In the subsoil, hydrocarbons are formed
within the parent rock = shale (shale in English), it is a sedimentary rock which contains clay,
quartz and various other minerals, it tends to quickly form sheets.

Under the combined effect of the underground temperature and pressure, they are
gradually expelled from the parent rock, and migrate towards the surface because they are
lighter than water. In contact with a impermeable layer the hydrocarbons concentrate to form
a deposit.

Hydrocarbons are trapped in rocks called “reservoirs”. It is not about large continuous
pockets, but tiny pores between the grains that form the matrix of this rock. The quality of a
reservoir rock is characterized by its porosity and its permeability.

Porosity represents the space between grains, it is the capacity to store a hydrocarbon. It
also allows these fluids to circulate (the pores are contacted between them), it is the
permeability which measures this ability of the rock to allow itself to be crossed by gas or oil.
[13]

If the shales are particularly impermeable or if they have not been subjected to
significant tectonic forces, the hydrocarbons will be able to remain in their source rock. This
is the case for oil shales (shales rich in kerogen) and shales still including gas, which we call

shale gas.

2-2-Shale gas exploration:
For this type of shale gas deposit, exploration requires studies specialized. Exploration
techniques used to search for gas deposits shale are comparable to those used for conventional

gas deposits.
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Geologists and geophysicists study the source rock and geological characteristics of the
subsoil (its composition and structure) using mapping and seismography. [14]. These
preliminary studies are based on the analysis of various samples and data: source rock
samples and pre-existing data (cores, data seismic, debris from old drilling, etc.). The analysis

of this data makes it possible to develop the first hypotheses on:

e The thickness of the rock and its extent which is used to evaluate the dimensions.
e Its mineral composition which conditions the reaction of the rock to fracturing. [13]
Afterwards we will evaluate the quantity of gas available for exploitation with the

exploration drilling. Typically shale gas found in underground areas composed of layered

clay: it is a shale clay containing fine-grained sediments.

Table 2: The specificity of shale gas.

Results from the expulsion of the fluid
produced through the parent rock towards
a reservoir.

Comes in the form accumulation, in tanks

porous and permeable.

— Corresponds to the part of the fluid
retained in the parent rock.

— Remains diffuse throughout the layer
source rock which is not very porous

and permeable.

Exploration and production method:
The approach consists of identifying a
basin sedimentary where hydrocarbons
have been generated, to track down the
trap by geophysical methods, test it by a
exploration well, evaluate the volume
closed porous, the volumes of gas in place
then reserves.

The
production s

location of areas conducive to
not only done by
geophysical methods but above all by
drilling and coring wells which are
intended to confirm the nature, maturity
and especially the gas content of the

targeted training.

Exploration and production method:

— the approach consists of locating a very
good quality parent rock having
reached sufficient burials to generate
gas while remaining within reasonable
depths to be reached by wells.

— It is also preferable that this parent
rock, often clayey in nature, contains a
significant part of silica or carbonate to
be able to be locally fractured and thus

release the gas trap.
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I11-Drilling Techniques in shale gas Reservoirs:

If geological criteria are met, it leads to the use of adapted extraction methods that
systematically require the combined techniques of directional drilling and hydraulic

fracturing, allowing economically reliable production.

— Horizontal drilling is used to maximize contact with the reservoir rock surface,
increasing the length of the drain in the producing formation.
— Hydraulic fracturing is employed to locally enhance the permeability of the formation,

releasing trapped

I11-1-Horizontal Drilling:

Drilling begins with a vertical section down to the targeted mother rock zone (between
1500 and 3000 meters deep) before gradually transitioning to a horizontal direction, extending
for several thousand meters within the target layer for exploitation. hydrocarbons by creating
artificial permeability.

While horizontal drilling allows for intersecting the productive formation over long
distances, thereby increasing gas recovery points.

Horizontal drilling is much more suitable for shale gas, but it is also much more
expensive. A vertical drill costs around 300,000 to 1 million euros depending on the depth,
while a horizontal drill costs between 4 and 8 million euros.

A drilling rig consists of a derrick and a drilling assembly (pipes and drill bit). The drill
bit attacks the rock by pressing and, most importantly, by rotating at high speed: it grinds the
rock into small pieces. For very hard rocks, diamond-encrusted drill bits are used.[12]

If one wants to better understand the rocks being drilled through, the drill bit will be
replaced by a coring tool.

However, to enable the gas to be drained towards the horizontal well, the parent rock
needs to be made more permeable because the natural fractures in the shale present in the
parent rock are not numerous and do not communicate with each other. Therefore, the

operation will create artificial fractures using the hydraulic fracturing method.

I11-2- Hydraulic Fracturing:
Hydraulic fracturing, also known as "fracking,” involves injecting a fluid (usually
water) and placing granular proppant material (such as sand) into the created fracture to
maintain permeability. Hydraulic fracturing is performed after drilling is completed. The

drilling mud is removed, and the fracturing fluid, typically composed of 95% water, 4.5%
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proppant material (sand) injected into the newly created fractures to prevent them from
closing, and 0.5% chemical additives whose composition depends on the geological context,
is injected under high pressure.[15]
Hydraulic fracturing consists of three main stages(Figure 9):
a. Drilling, in our case, horizontally.
b. Creating small successive explosions to initiate the first fractures.

c. Injecting fluid under very high pressure to widen these initial fractures and extend
them.[9]
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Figure 9: Steps for extracting shale gas.[9]

This involves depositing an explosive charge that will later be detonated to fracture the
shale layer where the gas is located, and injecting a very large quantity of fracturing fluid into
the rock, between 10,000 and 30,000 cubic meters at high pressure, to widen the naturally
occurring fissures and fractures. To keep the fractures open, sand is incorporated into this
water, which, by getting stuck, prevents the fissures from closing.

Additionally, the water contains a mixture of chemicals, mainly bactericides and
detergents, which are supposed to smooth and clean the walls of the fissures to facilitate the
passage of gas. Then, the gas flows to the surface and is immediately collected. When the gas

and liquid rise to the surface, they are sent to a condenser and then to a separator to separate
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them. On one side, there will be the fracturing fluid, and on the other side, the condensed
shale gas.

The nature of the fluid: it is most often water, but in some cases where the rock reacts
poorly to water (some clays swell in the presence of water, which has the opposite effect of
what is desired),

The exact composition of the injected fracturing fluid remains complex and is kept

secret by drilling companies.

111-3- Alternatives to the conventional hydraulic fracturing method:
Given the difficulties in accepting this method, particularly due to its environmental
impacts, research exists to develop alternative techniques to enable the exploration and

exploitation of shale gas.[12]

111-3-1-Electric fracturing:

By using electrical shock waves, an acoustic wave creates microfissures in the rock and
releases the gas. The main drawback of this technique lies in the significant need for
electricity, especially a high-power generator located at the surface near the well.
Furthermore, it still requires the use of water but in smaller quantities than hydraulic

fracturing.

111-3-2- Pneumatic fracturing:
This involves injecting compressed air into the shale rock to disintegrate it with shock
waves. The use of water is completely eliminated and replaced by air. However, the main

issue remains the use of chemicals.[17]

111-3-3-Carbon dioxide fracturing:
The technique using injected carbon dioxide in supercritical form - in liquid phase - and
recovered in gaseous form, is already being used in the state of Wyoming (USA) thanks to

their CO pipeline network, which makes this technique economically viable.[17]

111-3-4-Propane fracturing:

This is a technique currently being considered by a Canadian company (GasFrac). It
involves injecting a mixture of pure propane and proppant (sand and ceramic) into the drilled
well. This pressure stimulation fluid creates fissures in the shale rock. The proppant then
helps to keep the fissures open, allowing the gas to escape. Under the influence of pressure
and temperature, the injected propane is released and rises with the produced natural gas. The
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technique seems appealing, but the use of this flammable substance raises the risk of surface

explosions.[17]

111-3-5-non-hydraulic exothermic fracturing:

This involves injecting helium in its liquid form into the drilled well, then the natural
heat from the bottom, with the assistance of chemical reactions, heats it up, causing it to
transition to the gaseous state, thereby expanding its volume with great mechanical force to

fracture the shale rock.[17]

IV-Geological and Geophysical Considerations of shale gas :

Shale gas is both created and stored within the shale bed. Natural gas (methane) is
generated from the organic matter that is deposited with and present in the shale matrix.

Shales have very low matrix permeability’s requiring either natural fractures and/or
hydraulic fracture stimulation to produce the gas at economic rates. Shales have diverse
reservoir properties and a wide array of drilling, completion, and development practices are
being applied to exploit them. As a result, the process of estimating resources and reserves in
shales needs to consider many different factors and remain flexible as our understanding

evolves.

IV-1-Types Of Shale:

The term “shale” suggests a laminar and fissile structure present in certain rocks
(Figure 10) On the other hand, it is also used to refer to fine-grained,detrital rocks, composed
of silts and clays. Mudrocks are also considered shale and ,hereafter, will indiscriminately be
referred to as silty argillites or shale. They are fine —grained rocks, although they can also be

mud masses or mudstones, which do not have any fissile properties.
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Figure 10:Evidence of fissility in shale outcrops in the left, and Core in laminated shale in the
right. [18]
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There are mainly two types of shales on the basis of organic matter:

IV-1-1-Oil Shale:

Sedimentary rocks containing up to 50% organic matter along with a considerable
amount of oil, can be processed to produce oil and other chemicals and minerals. Oil shale
contains significant amounts of petroleum like oil and refined products like gasoline, fuel oil
and many other products due to the presence of organic material like kerogen [18]. Qil shales
include organic rich shales, marls, and clayey limestones and dolomites with varying contents
of organic matter as high as 50% in some very high grade deposits. In most cases the organic
matter varies between 5 and 25%. Organic matter is present in combination with high contents
of oil and other volatile components with no free hydrocarbons which indicated that oil shales

are immature sources of oil [19].

IV-1-2-Black Shale:

The black shale is the most important type of shale reservoir that fall under the gas
shale umbrella beside there are others shale gas plays type like gray shale (Mowry, Steele,
Baxter, Hilliard, Lewis, Montney) and biogenic gas shale (Antrim).These shales contain
relatively lower amounts of organic material than the oil shale. Its black color is due to
organic matter of algae, bacteria and other life forms that lived in the sea at that time. It can be
considered as discarded ore used for building purposes for the manufacturing of cement,
fertilizer and as a plant stimulant [20]. The black shale ores vary from others in mineralogical
as well as chemical properties and in recovery of metals. These are mainly portrayed by
copper contents not more than 5.5% and other metals like silver (0.01%).

Roughly 3 to10 time greater metals contents are present in bituminous shale ore than
carbonate and sandstone forms [21]. The former is therefore considered as a natural
polymetallic concentrate. Some metals in the shale ore are present as bituminous
organometallic compounds, like porphyrins in shales, and hence it reduces the metal recovery
by using classical methods of ore enrichment. Affinity between metal ions and organic
substances like kerogen could also fix metals in to black shale sediments [22]. Black shale is
sometimes known as alum shale, which is mainly composed of clay minerals such as illite and
montmorillonite, smectite and chlorite in combination with fine particles of quartz and mica
[23]. On a global scale, there are widespread occurrence of black shales and d interbedded
charts.
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IVV-2- Characteristics Geophysical of Shale Gas:

In order for a shale to have economic quantities of gas it must be a capable source rock.
The potential of a shale formation to contain economic quantities of gas can be evaluated by
identifying specific source rock characteristics such as total organic carbon (TOC), thermal
maturity, and kerogen analysis. Together, these factors can be used to predict the likelihood of
the prospective shale to produce economically viable volumes of natural gas. A number of
wells may need to be analyzed in order to sufficiently characterize the potential of a shale
formation, particularly if the geologic basin is large and there are variations in the target shale

Zone.

Mineralogy

. @
e =

Richness
Figure 11: Elements necessary to make productive, commercial shale gas play.

The purpose of this study is to define the Sweet-Spot that is by the following criteria:

e High TOC (thermally mature)

e Low clay volume (clay volume < 30%),

e High porosity (free gas and adsorbed) and permeability,
e High concentration of natural fractures,

e Low minimum horizontal stress (Stress Closure)

e Grand Brittleness
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IV-2-1-Porosity:

The general definition of porosity of a porous medium is given the symbol of and is

defined as the ratio of void space, or pore volume, to the total bulk volume of the rock. This

ratio is expressed either as a fraction or in percent. When using a value of porosity in an

equation it is nearly always expressed as a fraction. In the shale rocks the porosity, natural

fractures aside, is composed of:

a) The porosity of the non-clay matrix

b) Clay porosity

c) Kerogen porosity; Porosity in organic matter can be five times higher than that in the

nonorganic matrix .[24]
For a shale is considered a potential if it must include a porosity more than 2%.

Figure 12:SEM showing kerogen porosity, inorganic matrix and pores in organic matter.[24]
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Figure 13: System porosity in shales. [24]

In shales, the total porosity is the sum of three porosities:

e Hydrocarbons Porosity (free and adsorbed: matrix and kerogen) :

¢=&
Vr
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e Porosity of Mobile and Capillary Bound Water:

(D — Vmcb
MCBW VT

e Porosity of Clay Bound Water:

Vcbw
QCBW - VT

So for the total porosity :

Or = One + Dmcew + Depw
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Figure 14: Distribution of The Fluids in The Shales [24]

1VV-2-2-Permeability:

Permeability is a property of the porous medium and it is a measure of capacity of the
medium to transmit fluids. Permeability is a tensor that in general is a function of pressure.
Usually, the pressure dependence is neglected in reservoir calculations, but the variation with
position can be pronounced. Very often the permeability varies by several magnitudes, and
such heterogeneity will of course influence any Petroleum recovery. Beside, the permeability
in shales is a key factor in stimulation design and production prediction. Two permeability
need to be considered: matrix and system. Matrix permeability of the shale rock is typically
10-4 to 10-8 mD.
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— Matrix permeability can be accurately measured with core analysis, or it may be
estimated via log evaluation if a local calibration can be developed.

— System permeability is equivalent to matrix permeability plus the contribution of open
fractures. Conventional logs are insensitive to fractures and cannot be used to estimate

system permeability.

IVV-2-3-Organic Richness:

Total organic carbon (TOC), is the amount of carbon bound in organic compounds of
the rock; it is the remnant of organic life preserved in sedimentary rocks subjected to chemical
and bacterial degradation that have later been modified by heat and pressure over time. This
final stage, maturity, is a result of long periods of burial and proximity to heat sources(Figure
15). Chemical relations resulting from maturity of organic matter are responsible for
producing gas, oil, bitumen ,pyrobitumen and coal that to gather contribute to total carbon

content.
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Figure 15: Processes In Source Rock.[25]

Table 3: TOC and Shale Gas Resource Potential Relationship

Total Organic Carbon(weight %) Resource Potential
<0.5 Very Poor
05-1 Poor
1-2 Fair
2-4 Good
4-10 Very Good
>10 Immature
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IVV-2-4-Thikness:
The thickness of the matrix is an essential parameter in the evaluation of shale gas
potential, viewpoint of storage of the organic matter and for the success of stimulation by

fracking. The minimal thickness for a potential gas shale is > 30 m.

IV-2-5-Maturity:

Thermal maturity measures the conversion of the organic carbon contained in the shale
to hydrocarbons. An ideal shale gas play can be identified by finding a proper combination of
the TOC content and thermal maturity [26].

A kerogen is a solid, waxy mixture of chemical compounds that is transformed into
hydrocarbons with sufficient temperature and pressure. Kerogen is insoluble in organic

solvents due to its high molecular weight(Figure 16).

Figure 16: Kerogen Under the Microscope in The Left, And Molecular Structure Of Kerogen
in The Right Basic Types of Kerogens. [26]

e Type I: Derived primarily from algae in anoxic lakes; rich liquid HC source.

e Type Il: Derived from marine algae and transported terrestrial plant material; mixed oil
and gas source.

e Type IIS: Similar to Type I, high in sulfur.

e Type IlI: Principally coal--derived from terrestrial woody plants, gas source.

e Type IV: Decomposed organic matter (does not produce hydrocarbons). The process of
burial, conversion of organic matter and generation of hydrocarbons can be summarized in
three steps:

— Diagenesis: It is characterized by low-temperature alteration of organic matter below
500C (1220F) gradually converted to kerogen.
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— Catagenesis: generally, occurs as further burial causes more pressure, thereby
increasing heat in the range approx 50 to 150 oC (122 to 302 oF) causing chemical
bounds to break down within the shale and the kerogen.

— Metagenesis: is the last stage in which heat and chemical changes result in almost
transformation of kerogen to carbon. During this stage, late methane, or dry gas
evolved, along with non-hydrocarbon gases such as C02, N2 and H2S. Temperature
range from about 1500C to 2000C (302 to 3920F).
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Figurel7: Kerogen type affects volume and timing of gas generation .
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IV-2-6-Mineralogy:
Shale gas reservoirs show a complex and highly variable mineralogy with theoretical

end points of :

— A perfect shale in a petrophysical sense (100 % clay minerals with only
electrochemically- bound water in the pore space and thence a zero effective porosity)
— A porous, lithologically-clean sandstone/limestone.

In reality, the mineralogy includes quartzitic or calcareous silts and clays; clay minerals
such as chlorite, illite, smectite and kaolinite; and larger detritus that can include pyrite and
siderite. Microscopic studies have suggested that the textural and mineralogical complexity of
shales may not always be readily apparent [27]. The inorganic minerals co-exist with solid

organic matter in the form of kerogen.
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Table 4. The Main Minerals Of Shales

Mineral Chemical Identifying Elements
Formula
Quartz Si02 Silicon
Calcite CaCO3 Calcium
Dolomite CaMgCO3 Calcium+Magnesium
Anhydrite CaS0O4 Calcium+Sulfur
Pyrite FeS2 Iron+Sulfur
Ankerite CaS03 Calcium+Sulfur+lron+Magnesium+Manganese
(Mg.Fe.Mn) CO3
Limenite Fe TiO3 Iron+Titanium
Orthoclase KALSIi306 Potassium+Aluminium+Silicon
Gadolinium(111) Gd203 Gadolinium
oxide

e

I\VV-2-7-Brittleness:

A material is brittle if, when subjected to stress, it breaks along discrete surfaces
without little or no internal deformation between the surfaces. The relative brittleness of rock
refers to its tendency to fail (fracture) along such surfaces when an external force is applied,
such as the fluid pressure during hydraulic fracturing.

Conversely, the relative ductility of a rock refers to its tendency to fail by bulk internal
strain rather than discrete fractures. The brittleness of zones within shale reservoirs is of
critical importance to initiating fracture networks during frac, completions and for
maintaining open fractures that do not suffer from excessive proppant embedment.

Brittle mineral content is the critical factor affecting matrix porosity, micro-fractures,
gas content, and fracturing pattern [28]. The capacity of induced fractures in shale with
abundant quartz or feldspar is strong. Brittle mineral content is generally higher than 40%,

and clay mineral content is less than 30% for shale that can be commercially exploited.
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1VV-2-8-Gas Content:

The Gas in shale gas reservoirs is stored in :

e Adsorbed gas in the kerogen material

e Free gas trapped in nonorganic inter-particle (matrix) porosities

e Free gas trapped in micro fracture porosity

e Free gas stored in hydraulic fractures created during the stimulation of the shale reservoir
e Free gas trapped in a pore network developed within the organic matter or kerogen. [29]

V-Environmental Impacts of Drilling for Shale Gas and Mitigating
Strategies:

Drilling for shale gas, also known as hydraulic fracturing or fracking, has emerged as a
significant source of energy production globally. While shale gas extraction offers economic

benefits and energy security, it also poses considerable environmental challenges.
V-1-Environmental Impacts:

V-1-1-Water Contamination:

One of the most significant concerns associated with fracking is the potential
contamination of groundwater due to the release of chemicals used in the fracking fluid and
methane leakage. Studies have shown instances of groundwater contamination in areas near
shale gas extraction sites(Figure 18).

L o

Aqulfer ~ 1000 ft

Figure 18: Hydraulic fracturing process and potential contamination pathways to water.
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V-1-2-Air Pollution:

The drilling process releases volatile organic compounds (VOCSs), nitrogen oxides
(NOx), and particulate matter into the atmosphere, contributing to air pollution and smog
formation. Additionally, methane leaks during extraction and transportation further exacerbate

climate change.

V-1-3-Land Disturbance:

Fracking operations require large land areas for drilling pads, access roads, and
infrastructure development, leading to habitat fragmentation, soil erosion, and disruption of
wildlife habitats.

V-1-4-Induced Seismic Activity:
Injection of fracking fluids into underground rock formations can induce seismic
activity, leading to earthquakes of varying magnitudes. While most induced earthquakes are

minor, they can still pose risks to nearby communities and infrastructure.
V-2-Mitigation Strategies:

V-2-1-Stringent Regulations:
Implementing and enforcing robust regulations on shale gas extraction can help mitigate
environmental impacts. Regulations should cover aspects such as wastewater management,

well construction standards, air emissions control, and seismic monitoring.

V-2-2-Advanced Technologies:
Investing in research and development of advanced fracking technologies can reduce
water usage, minimize chemical usage, and enhance well integrity, thus reducing

environmental risks associated with shale gas extraction.

V-2-3-Water Recycling and Treatment:
Developing and deploying technologies for wastewater recycling and treatment can
minimize freshwater usage and reduce the potential for groundwater contamination.

Recycling wastewater also reduces the need for wastewater disposal.

V-2-4- Methane Leak Detection and Repair:
Implementing rigorous methane leak detection and repair programs can help minimize
methane emissions throughout the shale gas production process, from well drilling to

transportation.
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V-2-5-Site Selection and Planning:
Conducting comprehensive site assessments and selecting drilling locations away from
environmentally sensitive areas can help minimize habitat disturbance and reduce the risk of

ecological damage.

VI-Economic Aspects of Shale Gas:

VI1-1-Economic Benefits:

VI-1-1-Job Creation:

Shale gas production creates employment opportunities across various sectors,
including drilling, extraction, transportation, and infrastructure development. This influx of
jobs stimulates local economies and reduces unemployment rates in regions with active shale

gas operations.

VI-1-2-Revenue Generation:
Governments and landowners benefit from shale gas production through royalty
payments, leasing fees, and taxes. These revenues contribute to public coffers, fund essential

services, and support community development projects.

V1-1-3-Energy Security:
Shale gas production enhances energy security by reducing reliance on imported fossil
fuels. Countries with abundant shale gas reserves can diversify their energy mix, mitigate

geopolitical risks, and achieve greater energy independence.
V1-2-Economic Challenges:

VI-2-1-Environmental Costs:

Shale gas extraction techniques, such as hydraulic fracturing (fracking), pose
environmental risks, including water contamination, air pollution, and habitat disruption.
Addressing these environmental concerns requires investment in mitigation measures and

regulatory oversight, which can increase production costs.

VI1-2-2-Price Volatility:
Shale gas production contributes to fluctuations in natural gas prices due to its rapid
expansion and technological advancements. Price volatility affects market stability, investor

confidence, and long-term planning for energy-intensive industries.
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VI1-2-3-Infrastructure Requirements:

The development of shale gas resources necessitates significant investments in
infrastructure, such as pipelines, processing facilities, and storage tanks. Building and
maintaining this infrastructure entail substantial capital expenditures and regulatory

approvals.
VI1-3-Economic Implications:

VI-3-1-Global Market Dynamics:
The rise of shale gas production has transformed global energy markets, influencing
supply, demand, and pricing dynamics. Countries with shale gas reserves experience shifts in

their energy trade balances and geopolitical influence, reshaping global energy geopolitics.

V1-3-2-Technological Innovation:

Shale gas extraction relies on continuous technological innovation to improve
efficiency, reduce costs, and minimize environmental impacts. Research and development in
areas such as drilling techniques, water management, and methane emissions monitoring drive

technological advancements and foster industry competitiveness.

V13-3-Socioeconomic Development:
The socioeconomic impacts of shale gas production vary depending on local conditions,
regulatory frameworks, and community engagement practices. While some regions
experience economic prosperity and infrastructure development, others grapple with social

tensions, land use conflicts, and economic disparities.

VI1I-Conclusion:

Drilling for shale gas in unconventional reservoirs in Algeria represents a significant
endeavor with both opportunities and challenges. Algeria, possessing substantial shale gas
reserves, aims to leverage this resource to meet domestic energy demand, reduce reliance on
imports, and bolster economic growth. However, the exploitation of shale gas entails complex
geological, environmental, and socio-economic considerations.

Shale gas extraction involves horizontal drilling and hydraulic fracturing (fracking),
techniques requiring advanced technology and expertise. While Algeria has experience in
conventional oil and gas drilling, extracting shale gas demands additional investments in
infrastructure and skilled labor. Collaboration with international firms experienced in shale
gas extraction could accelerate knowledge transfer and capacity building.
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Environmental concerns surrounding shale gas extraction must be addressed
comprehensively. Potential risks include water contamination, air pollution, and induced
seismicity. Implementing rigorous regulations, monitoring systems, and best practices is
essential to mitigate environmental impacts and ensure sustainable development.
Additionally, engaging local communities in decision-making processes and providing
transparent information can foster trust and minimize social tensions, the economic viability
of shale gas production in Algeria depends on various factors, including market dynamics,
technological advancements, and regulatory frameworks. While shale gas has the potential to
enhance energy security and generate revenue through exports, fluctuating global prices and
competition from other energy sources pose challenges. Strategic planning, cost-effective
operations, and diversification of the energy mix are vital for maximizing the benefits of shale
gas development.

Drilling for shale gas in unconventional reservoirs in Algeria presents both promise and
complexity. By leveraging technological innovations, adhering to stringent environmental
standards, and promoting inclusive development, Algeria can harness its shale gas resources
to achieve energy independence and drive socio-economic progress. However, careful
planning, collaboration, and continuous evaluation are essential to navigate the challenges and

ensure a sustainable energy future.
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Chapter I11 The Application of Artificial Intelligence in Monitoring And Control In

Shale Gas Exploration Of Unconventional Reservoir

I-Introduction:

In the dynamic world of shale gas exploration, artificial intelligence stands as the
vanguard of innovation, reshaping the very fabric of how we uncover and harness these
valuable resources. Al's prowess extends far beyond traditional methods, delving deep into
the intricacies of geological formations and reservoir dynamics with unparalleled precision.
Through sophisticated algorithms and advanced data analytics, Al can decipher complex
seismic data, identify optimal drilling locations, and predict reservoir behavior with
remarkable accuracy. This predictive power not only minimizes exploration risks but also
maximizes production potential, paving the way for more efficient and sustainable resource
extraction. Moreover, Al-driven automation streamlines operational work-flows, from drilling
operations to equipment maintenance, reducing costs and enhancing safety. As we stand at the
precipice of a new energy frontier, the fusion of artificial intelligence and shale gas
exploration promises not just incremental advancements, but a bold leap forward into a future

defined by innovation and efficiency.

I1-Predictive Analytics:

I1-1-Introduction:

Shale gas exploration has become increasingly vital in meeting global energy demands.
However, the complex geological structures and variability of shale formations present
significant challenges to traditional exploration methods. Predictive analytics and Al
algorithms offer a promising solution by harnessing datadriven insights to inform drilling
decisions. This article examines how these technologies revolutionize shale gas exploration

by optimizing drilling operations.

11-2-Predictive Analytic in Shale Gas Exploration :

Predictive analytics involves analyzing vast amounts of data to forecast future
outcomes. In shale gas exploration, this technique integrates geological data, historical
drilling records, and real-time sensor data to generate predictive models. By identifying
patterns and trends in these data-sets, predictive analytics can anticipate the presence of shale
gas reservoirs and determine the most favorable drilling locations.

It uses a number of data mining, predictive modeling and analytical techniques to bring

together the management, information technology, and modeling business process to make
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predictions about future. The patterns found in historical and data can be used to identify risks
and opportunities for future transnational.

Predictive analytics models capture relationships among many factors to assess risk By
successfully. weight age with a particular set of conditions to assign a score, or applying
predictive analytics the businesses can effectively interpret big data for their benefit.

The data mining and text analytics along with statistics, allows the business users to
create predictive intelligence by uncovering patterns and relationships in both the structured
and unstructured data. The data which can be used readily for analysis are structured data,
examples like age, gender, marital status, income, sales. Unstructured data are textual data in
call center notes, social media content, or other type of open text which need to be extracted
from the text, along with the sentiment, and then used in the model building process.

Predictive analytics allows organizations to become proactive, forward looking
anticipating outcomes and behaviors based upon the data and not on a hunch or assumptions.
Prescriptive analytics, goes further and suggest actions to benefit from the prediction and also
provide decision options to benefit from the predictions and its implications(Figure 19).

Predictive Analytics
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Reporting/ Monitoring Predictive
Analysis Analytics
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Why that happensd? now? Happen in future?

M

Figure 19: A picture shows how predictive analyse work.[30]
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11-3-Al Algorithms for Optimal Drilling Trajectories:

Al algorithms, including machine learning and deep learning models, play a crucial
role in optimizing drilling trajectories. These algorithms analyze various factors such as rock
properties, well-bore stability, and reservoir characteristics to recommend the most efficient
drilling paths. By continuously learning from data inputs and adjusting parameters in real-
time, Al algorithms adapt to dynamic drilling conditions, ensuring precise and cost-effective
operations.

11-3-1-Types of Al Algorithms for Drilling Trajectory Optimization:

11-3-1-1-Machine Learning Algorithms:

Supervised learning algorithms, such as regression and classification, can predict -
stability, pore pressure, and formation properties based on historical well bore drilling data
and geological attributes, Unsupervised learning techniques, including clustering and anomaly
detection - help identify patterns and anomalies in drilling data, enabling proactive risk
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Figure 20: The type of Machine Learning Algorithms.[31]
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11-3-1-2-Optimization Algorithms:

Genetic algorithms and particle swarm optimization are widely used to search for -
optimal drilling trajectories by iteratively exploring a large solution space and evolving
towards the most favorable configurations.

Reinforcement learning techniques enable autonomous decision-making by learning -
from trial and error interactions with the drilling environment, leading to adaptive and

dynamic trajectory adjustments.

I1-4-Benefits of Predictive Analytics and Al in Shale Gas Exploration:
The integration of predictive analytics and Al algorithms offers several benefits to shale

gas exploration:

e Improved Exploration Success Rate: By accurately predicting the location of shale gas
reservoirs, companies can increase their exploration success rate and reduce the risk of
drilling in unproductive areas.

e Enhanced Operational Efficiency: Al algorithms optimize drilling trajectories, resulting in
faster drilling speeds and reduced downtime. This efficiency improvement translates to
lower operational costs and accelerated project time-lines.

e Minimized Environmental Impact: Targeted drilling enabled by predictive analytics
reduces the environmental footprint of exploration activities by minimizing surface
disturbance and resource wastage.

e Data-Driven Decision Making: Predictive analytics provides decision-makers with
valuable insights derived from data analysis, enabling informed and strategic decision-

making throughout the exploration process.

I11-Drilling Automation:

I11-1-Introduction:

Drilling automation has emerged as a game-changer in the oil and gas sector, offering a
paradigm shift in the way drilling operations are conducted. Al-powered systems represent the
pinnacle of this evolution, leveraging advanced algorithms to make realtime decisions and
adjustments during drilling processes. This article explores the capabilities and benefits of Al-
powered drilling automation systems, highlighting their role in enhancing efficiency and

reducing operational costs.
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I11-2-Al-Powered Drilling Systems:

Al-powered drilling systems utilize a combination of machine learning, predictive
analytics, and real-time data processing to optimize drilling parameters. These systems
continuously analyze down hole conditions, such as formation characteristics, pressure,
temperature, and fluid properties, to make data-driven decisions. By autonomously adjusting
parameters such as drilling speed, direction, and pressure, Alpowered systems ensure optimal
drilling performance while minimizing the risk of equipment failure and downtime.

Drilling automation works by incorporating various technologies to streamline and

optimize the drilling process. Here's a simplified overview:

111-2-1-Sensors:
Advanced sensors are deployed on drilling equipment to monitor parameters such as

pressure, temperature, vibration, and torque in real-time.

111-2-2-Data Collection:
Data from sensors is collected and transmitted to a central control system or software

platform.

I11-2-3-Data Analysis:
Algorithms analyze the collected data to provide insights into drilling conditions, detect

anomalies, and predict potential issues.

111-2-4-Autonomous Control:
Based on the analyzed data, autonomous control systems adjust drilling parameters in
real-time to optimize performance and ensure safety. This can include controlling drilling

speed, weight on bit, and drilling fluid flow rate.

111-2-5-Decision Support:
Automated systems provide recommendations or make decisions regarding drilling
operations, such as adjusting trajectory to avoid obstacles or optimizing drilling direction for

maximum productivity.

I11-2-6-Feedback Loop:
Continuous monitoring and analysis allow the system to 6 learn from past operations,

improve performance, and adapt to changing drilling conditions over time.
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Overall, drilling automation enhances efficiency, accuracy, and safety while reducing

operational costs and minimizing downtime.

111-3-Key Features and Benefits:
The integration of Al into drilling automation systems offers several key features and

benefits:

Real-Time Decision-Making: Al algorithms process vast amounts of data in realtime,
enabling drilling systems to make instantaneous decisions based on down hole conditions.
This capability ensures proactive adjustments to drilling parameters, maximizing efficiency
and productivity.

Adaptive Control: Al-powered systems adapt to changing down hole conditions, optimizing
drilling parameters to achieve the desired outcomes while mitigating risks. By dynamically
adjusting parameters such as weight on bit (WOB), rotary speed, and mud flow rate, these
systems optimize drilling performance and minimize wear and tear on equipment.
Operational Efficiency: By autonomously adjusting drilling parameters, Alpowered systems
streamline drilling operations, reducing the need for manual intervention and supervision. This
efficiency improvement translates to reduced operational costs, increased drilling speeds, and
enhanced overall performance.

Safety Enhancement: Al-powered drilling systems contribute to enhanced safety by
minimizing the potential for human error and equipment malfunction. By continuously
monitoring down hole conditions and making proactive adjustments, these systems mitigate
risks associated with drilling operations, ensuring safer working environments for personnel.

IV-Formation Evaluation in Shale Gas Exploration:

IVV-1-Introduction:

Formation evaluation is a critical aspect of shale gas exploration, as it provides insights
into subsurface geology and helps operators make informed decisions regarding drilling
locations and strategies. Traditional formation evaluation methods rely on manual
interpretation of seismic data and well logs, which can be timeconsuming and subject to
human error. Al algorithms offer a revolutionary approach by automating the analysis process
and extracting valuable insights from vast datasets with unprecedented accuracy and

efficiency.

IVV-2- Al-Driven Interpretation of Seismic Data:
Seismic data plays a crucial role in understanding subsurface geology and identifying
potential hydrocarbon reservoirs. Al algorithms utilize advanced pattern recognition and

classification techniques to interpret seismic data, identifying geological features such as
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faults, fractures, and strati-graphic layers. By analyzing seismic attributes and amplitude
variations, Al-driven interpretation provides detailed insights into the structural and
deposition characteristics of the subsurface, facilitating the identification of prospective shale

gas reservoirs.
IVV-2-1-Al-driven interpretation of seismic data involves several steps:

IVV-2-1-1-Data Acquisition:
Collect seismic data using sensors placed on the Earth's surface or through boreholes.

This data typically includes information about the reflection and refraction of seismic waves

underground.

I\V-2-1-2-Preprocessing:
Clean the data to remove noise, correct for irregularities, and enhance its quality. This

step often involves filtering, deconvolution, and other signal processing techniques.

1VV-2-1-3-Feature Extraction:

Identify relevant features from the preprocessing seismic data that can help in
interpreting geological structures and formations. These features could include amplitude

variations, frequency content, and arrival times of seismic waves.

IV-2-1-4-Training Data Preparation:
Annotate the seismic data with labels indicating the geological features of interest. This

labeled data-set is used to train the Al model.

IV-2-1-5-Model Training:
Train an Al model, such as a deep learning neural network, using the labeled seismic

data. The model learns to recognize patterns and correlations between seismic features and
geological structures.

1VV-2-1-6-Model Evaluation:

Evaluate the trained model's performance using validation data to ensure it generalizes

well to unseen seismic data.
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IV-2-1-7-Interpretation:
Apply the trained Al model to interpret new seismic data. The model identifies
geological features, such as faults, strati-graphic layers, and reservoirs, based on patterns

learned during training.

IV-2-1-8-Integration and Visualization:

Integrate the interpreted results with other geological and geophysical data, such as
well logs and geologic maps. Visualize the interpreted results to aid geoscientists and

decision-makers in understanding the subsurface environment.

1VV-2-1-9-1terative Refinement:

Continuously refine the Al model and interpretation process based on feedback and new
data to improve accuracy and reliability over time.

By automating and enhancing the interpretation of seismic data, Al-driven approaches
can accelerate the exploration and production of oil and gas reserves, optimize reservoir

management, and reduce exploration risks.

IV-3- Integration of Well Logs and Machine Learning:

Well logs provide valuable information about rock properties, fluid content, and
reservoir characteristics. Al algorithms leverage machine learning models to analyze well log
data, identifying key parameters such as porosity, permeability, and lithology. By correlating
well log data with seismic interpretations, Al-driven formation evaluation generates
comprehensive subsurface models that accurately characterize shale gas reservoirs. This
integrated approach enhances the understanding of reservoir heterogeneity and variability,

enabling operators to optimize drilling strategies and maximize resource recovery.
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Figure 21: Integration of Well Logs and Machine Learning.[32]

I\V-4-Benefits of Al-Driven Formation Evaluation:
The integration of Al algorithms into formation evaluation processes offers several key

benefits for shale gas exploration:

e Enhanced Accuracy and Efficiency: Al-driven analysis of seismic data and well logs
improves the accuracy and efficiency of formation evaluation, reducing the time and
resources required for manual interpretation.

e Improved Exploration Success Rates: By accurately characterizing subsurface geology, Al
algorithms help operators identify high-potential shale gas reservoirs, increasing
exploration success rates and reducing the risk of drilling in non- productive areas.

e Optimized Drilling Strategies: Al-driven formation evaluation enables operators to
optimize drilling strategies by identifying optimal well locations, trajectories, and
completion techniques based on subsurface geology and reservoir properties.

e Cost Reduction: The automation of formation evaluation processes through Al algorithms
leads to cost savings by minimizing the need for manual interpretation and reducing

exploration and drilling risks.
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V-Fault Detection and Mitigation in Drilling Operations:

V-1-Introduction:

Drilling operations in the oil and gas industry are prone to various challenges, including
equipment malfunctions, drilling anomalies, and unexpected down hole conditions. These
issues can lead to costly downtime, safety hazards, and operational inefficiencies. Al-powered
fault detection and mitigation systems offer a proactive approach to address these challenges
by continuously monitoring drilling parameters and equipment performance in real-time. This
article explores how Al algorithms enable early detection of faults and facilitate timely

interventions to ensure smooth drilling operations.

V-2-Al-Powered Fault Detection:

Al algorithms utilize machine learning and pattern recognition techniques to analyze
vast amounts of data generated during drilling operations. By monitoring parameters such as
torque, weight on bit, pump pressure, and rate of penetration, Al systems can detect subtle
deviations from expected drilling patterns that may indicate potential faults or anomalies.
Through continuous analysis of real-time data streams, Alpowered fault detection systems can
identify abnormal behavior and trigger alerts for further investigation.

Al-powered fault detection typically works through the following steps:

e Data Collection: Relevant data is collected from sensors, monitoring devices, or other
sources. This data can include variables such as temperature, pressure voltage, or
performance metrics depending on the system being monitored.

e Preprocessing: The collected data is preprocessed to clean it and prepare it for analysis.
This may involve removing noise, handling missing values, and normalizing the data.

e Feature Extraction: Relevant features or characteristics are extracted from the
preprocessed data. These features are the inputs to the Al algorithms and are selected
based on their relevance to the fault detection task.

e Model Training: Machine learning algorithms, such as supervised or unsupervised
learning algorithms, are trained on historical data. In supervised learning, the algorithms
are trained using labeled data, where each data point is associated with a label indicating
whether a fault occurred or not. In unsupervised learning, the algorithms try to identify

patterns and anomalies in the data without explicit labels.
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e Model Evaluation: The trained models are evaluated using validation data to ,assess their
performance in detecting faults. Metrics such as accuracy, precision recall, and F1 score
may be used to evaluate the effectiveness of the models .

e Deployment: Once a satisfactory model is trained and evaluated, it can be deployed to
continuously monitor the system in real-time. New data is fed into the deployed model,
which then generates predictions or alerts when it detects potential faults or anomalies .

e Feedback Loop: The system may incorporate a feedback loop where detected faults are
used to retrain the model periodically, improving its accuracy and adaptability over time.

By following these steps, Al-powered fault detection systems can effectively identify
anomalies or faults in various systems, enabling early intervention and maintenance to prevent

system failures and downtime.

V-3-Early Intervention and Mitigation:

Upon detecting drilling anomalies or equipment malfunctions, Al-powered systems
enable operators to take proactive measures to mitigate potential faults. This may include
adjusting drilling parameters, deploying backup equipment, or implementing contingency
plans to address the issue before it escalates. By facilitating early intervention, Al algorithms
help prevent costly downtime, minimize equipment damage, and ensure the safety of

personnel and assets on the drilling rig.

V-4-Integration with Predictive Maintenance:

Al-powered fault detection systems can be integrated with predictive maintenance
strategies to further enhance efficiency and reliability. By analyzing historical data and
equipment performance metrics, Al algorithms can predict potential failure modes and
schedule maintenance activities proactively. This predictive approach minimizes unplanned
downtime, extends equipment lifespan, and optimizes maintenance schedules, ultimately

reducing operational costs and enhancing drilling efficiency.

V1-Reservoir Modeling and Optimization:

VI-1-Introduction:
Shale gas reservoirs present unique challenges due to their complex geological
formations and heterogeneous characteristics. Reservoir modeling plays a crucial role in
understanding reservoir behavior and optimizing production strategies. Traditional modeling

approaches often rely on simplified assumptions and manual interpretation of data, limiting
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their accuracy and effectiveness. Al-driven reservoir modeling and optimization offer a
paradigm shift by harnessing advanced algorithms to analyze vast data-sets and simulate

production scenarios with unprecedented precision.

VI1-2-Building Complex Reservoir Models with Al:

Al algorithms utilize machine learning and data analytics techniques to process data
from multiple sources, including seismic surveys, well logs, production data, and geological
studies. By integrating diverse data-sets, Al-driven reservoir modeling systems construct
detailed and accurate representations of subsurface reservoirs, capturing complex geological
features and fluid dynamics. These advanced models provide insights into reservoir
characteristics, such as porosity, permeability, and fluid saturation, enabling operators to
make informed decisions regarding well placement and production strategies(Figure 22).

Building complex reservoir models with Al involves a few steps:

e Data Collection: Gather relevant data such as geological, geophysical, and production
data.

e Data Preprocessing: Clean and preprocess the data to remove noise and inconsistencies.

e Feature Engineering: Extract meaningful features from the data that can be used to train
the Al model.

e Model Selection: Choose the appropriate Al model architecture for the task, such as deep
learning models like convolutional neural networks (CNNSs) or recurrent neural networks
(RNNSs), or machine learning models like decision trees or support vector machines
(SVMs).

e Training: Train the Al model on the collected and preprocessed data to learn the patterns
and relationships within the data.

e Validation: Validate the trained model using validation data to ensure its performance
and generalization ability.

e Model Integration: Integrate the trained Al model into reservoir modeling workflows to
assist in making predictions and optimizing reservoir management strategies.

e lterative Improvement: Continuously refine and improve the Al model based on new
data and insights gained from its predictions and performance.

Remember, building complex reservoir models with Al requires domain expertise in
reservoir engineering and geosciences, as well as proficiency in Al and machine learning

techniques.

64



Chapter 111 The Application of Artificial Intelligence in Monitoring And Control In

Shale Gas Exploration Of Unconventional Reservoir

Global Optimiser

Historical data

Tune the
reservoir model

."__~“~,_
lFo(:vard /.-" » ~— Inverse history
ooking e ilew ] matching proxy
proxy S .[—-

e AT e B Predict

Sove the
results

Hagh- fidelity numerical model

Figure 22: Reservoir modeling.[33]

VI-3-Simulation of Production Scenarios:

Once reservoir models are constructed, Al algorithms facilitate the simulation of various
production scenarios to optimize shale gas recovery. Operators can simulate different well
configurations, completion techniques, and production strategies to identify the most efficient
and cost-effective approach. By analyzing production forecasts, decline curves, and economic
indicators, Al-driven simulations enable operators to evaluate the performance of different

scenarios and make data-driven decisions to maximize reservoir recovery.

V1-4-Optimization of Well Placement:

Al-driven reservoir modeling systems enable operators to optimize well placement to
enhance shale gas recovery. By analyzing reservoir characteristics and production data, Al
algorithms identify optimal locations for well drilling, considering factors such as reservoir
heterogeneity, fracture networks, and hydrocarbon distribution. This optimization process
ensures efficient reservoir drainage and maximizes the recovery of shale gas resources,

leading to improved operational efficiency and profitability.

V11-Drilling Performance Monitoring and Optimization:

In the oil and gas industry, drilling performance monitoring and optimization are

crucial for increasing the overall Net Present Value (NPV) of a project. Unanticipated
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problems during drilling, such as bit balling, can hinder progress even after rigorous planning.
Researchers have implemented artificial intelligence techniques to develop smart models for
real-time drilling performance monitoring and optimization. For instance, a back propagation
feed-forward neural network model was used to predict the rate of penetration (ROP) based
on input parameters like weight on bit, rotations per minute, mud flow, and differential
pressures. This approach helps optimize drilling parameters and identify bit malfunctions or
failures, such as bit balling.

V1I-1-Daily Drilling Reports (DDRs):
Proper monitoring of drilling operations involves analyzing daily drilling reports
(DDRs). Machine learning and sequence-mining algorithms can be applied to predict and
classify the next operation based on textual descriptions in DDRs.

V11-2-Unlocking Unconventional Reservoirs:

As shale plays become economically viable, operators are adopting best practices to
optimize drilling and completion processes. Data analytics, machine learning, and artificial
intelligence play a significant role in achieving cost-effective and efficient drilling in
unconventional reservoirs.

V1I-3-Real-Time Drilling Models Monitoring:

Solutions that automate the monitoring and maintenance of AI/ML models in the
drilling domain have been developed. These solutions detect model decay and demonstrate

how iterative enhancements improve model performance.

VI1I-Conclusion:

Artificial intelligence (Al) monitoring and control are paramount in the exploration of
shale gas reservoirs for several reasons. Firstly, shale gas extraction involves complex
geological formations, making it crucial to have real-time data monitoring to understand the
behavior of the reservoir and optimize production. Al algorithms can analyze vast amounts of
data from sensors, well logs, and seismic imaging to identify patterns and predict reservoir
performance accurately. This capability is essential for making informed decisions about
drilling locations, well completions, and hydraulic fracturing strategies, ultimately
maximizing the recovery of shale gas resources while. minimizing operational costs and
environmental impacts Secondly, the remote and harsh environments often associated with

shale gas exploration necessitate automated control systems to ensure the safety of personnel
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and equipment. Al-powered monitoring can detect anomalies and potential hazards in real-
time, enabling rapid response and preventive measures to mitigate risks such as well
blowouts, equipment failures, or environmental contamination. By integrating Al into the
control systems of drilling rigs, production facilities, and transportation infrastructure,
operators can enhance operational efficiency, reduce downtime, and .ensure compliance with
regulatory requirements Moreover, the dynamic nature of shale gas reservoirs, characterized
by variability in geology, fluid properties, and production rates, demands adaptive control
strategies that can adjust in real-time to optimize performance. Al algorithms can
continuously ,learn from operational data and adapt control parameters to changing conditions
improving production efficiency and reservoir management over time. This adaptability is
particularly crucial in unconventional reservoirs like shale, where traditional modeling
approaches may be inadequate due to the complexity and .uncertainty inherent in these
formations In conclusion, Al monitoring and control play a pivotal role in the exploration of
shale gas reservoirs by providing real-time insights, enhancing safety, and optimizing
production. As the industry continues to evolve, leveraging Al technologies will be essential
for unlocking the full potential of shale gas resources while minimizing .environmental

impacts and ensuring sustainable development.

67



Chapter 1V: Al-Based Well Integrity:
A Case Study for Well Integrity over a
Full Life Cycle By Lloyd H. Hetrick,
PE, CSP Newfield Exploration
Company



Chapter 1V: Al-Based Well Integrity: A Case Study for Well Integrity over a Full Life Cycle
By Lloyd H. Hetrick, PE, CSP Newfield Exploration Company

I-Well integrity:

Well integrity in the field of drilling for oil and shale gas refers to maintaining full
control of fluids within a well at all times. It involves preventing unintended fluid movement

or loss of containment to the environment. Here are key points about well integrity:

I-1-Definition:

NORSOK D-010 defines well integrity as the application of technical, operational, and
organizational solutions to reduce the risk of uncontrolled release of formation fluids
throughout the life cycle of a well.

Another accepted definition from I1SO TS 16530-2 emphasizes containment and

prevention of fluid escape to subterranean formations or the surface.

I-2-Importance:
Ensuring well integrity is crucial for safety, environmental protection, and asset
preservation. Well integrity policies safeguard health, prevent fluid migration, and maintain

pressure seals throughout a well’s life cycle.

I-3-Components of Well Integrity:
Well Barriers: These are physical and mechanical elements (such as casing, cement, and
packers( that prevent fluid movement. Well Barrier Envelopes: These encompass all barriers
within the well, ensuring comprehensive

containment.

I-4-Challenges:
Cement Integrity: Cement may crack or separate from steel casing due to underground

stresses. Leakage Prevention: Ensuring that no fluids escape from the well is critical.

I-5-Risk Management:
Quantitative Risk Assessment (QRA) and Qualitative Risk Assessment help evaluate
well integrity risks. Effective management systems, personnel competency, and training play

essential roles.

I-6-Overall Goal:
Maintain a structurally sound well with competent pressure seals to prevent

uncontrolled fluid release or migration throughout the well’s life cycle.
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I1- Al based well integrity:

Artificial intelligence-based well integrity is an emerging field that utilizes artificial
intelligence (Al) technology to monitor and assess the integrity of oil and gas wells. Well
integrity is critical to ensuring safe and efficient oil and gas operations and preventing
environmental events such as blowouts, spills and contamination. Al techniques can be

applied to well integrity in various ways.

11-1- Data analysis and pattern recognition:

Artificial intelligence methods can make significant contributions to data analysis and
pattern recognition in well integrity studies. Techniques such as machine learning, specifically
supervised and unsupervised learning algorithms, can extract valuable insights from the
complex data sets typical of well integrity monitoring. These algorithms can detect patterns,
anomalies and correlations in multidimensional data, making it easier to identify early
indicators of well integrity degradation or failure. Additionally, Al-based approaches can
improve predictive modeling by integrating various data sources, including real-time sensor
data, historical records, and geological information, to more accurately predict potential
integrity issues. This interdisciplinary application of artificial intelligence promotes a deeper
understanding of well behavior and helps develop proactive maintenance strategies and risk

mitigation frameworks in the oil and gas industry.[40]

I1-2- Predictive maintenance:
Artificial intelligence is used for predictive well integrity maintenance primarily
because of its ability to analyze large amounts of disparate data and identify patterns that
human operators might miss. Operators can do this by using artificial intelligence algorithms

such as machine learning and deep learning

11-2-1-Early Anomaly Detection:

Artificial intelligence algorithms can analyze data from a variety of sources, including
sensor readings, production data and historical maintenance records, to detect anomalies or
deviations from normal operating conditions. This early detection enables operators to resolve
potential issues before they escalate into larger problems .[40]

11-2-2-Predictive Analytics:
Artificial intelligence models can predict future maintenance needs based on historical
data and current operating conditions. By predicting when maintenance is needed, operators
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can schedule maintenance activities during scheduled downtime, minimizing production

disruptions.[41]

11-2-3-Soptimize Maintenance Schedule:

Al can help improve the efficiency of maintenance scheduling by considering factors
like the health of the equipment, the priority of production, and the availability of resources.
This guarantees that maintenance is conducted at the most practical time with the greatest
degree of efficiency and the minimum amount of costs.[42]

11-2-4-Reduced Downtime:

By taking proactive action towards maintenance, Al-powered predictive maintenance is
able to reduce planned downtime caused by equipment failure. This increases the overall
efficiency and productivity of the organization.[40]

11-2-5-Safety and Environmental Benefits:

It's essential to preserve the integrity of oil and gas fields in order to avoid accidents and
minimize environmental effects. Predictive maintenance based on Al helps identify potential
dangers to safety and environmental issues prior to their occurrence, this allows operators to

take preventative actions that mitigate the issues.[41]

11-3-Risk assessment:
Al can be employed to estimate the risk of malfunctioning integrity of wells by
considering multiple aspects of design, history of operation, geological conditions, and
environmental factors. This facilitates the prioritization of resources and the mitigation of

potential dangers.

11-3-1Data Analysis:
Al processes large amounts of data that are similar to geological surveys, drilling logs,
and sensor readings in order to spot any red flags that might indicate danger, like leaks or

equipment failure.

11-3-2-Predictive Models:
With Al, we can estimate the probability of various incidents based on previous data
and present circumstances. This facilitates our planning and prevents issues from occurring

before they do.
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11-3-3-dealing with uncertainty:
Al employs smart math methods to assess the probability of different dangers, this
information can be used to better estimate the likelihood of different risks. This facilitates us

in making more intelligent decisions, despite the lack of clarity.

11-3-4-Smart decision:
Al processes all of the data and provides us with recommendations on what to do to

keep our water sources safe and functioning properly.[43]

I1-4-Automated monitoring based on Al:

Automated well health monitoring using artificial intelligence requires the use of
advanced technology to continuously assess the health of oil and gas wells. Real-time data
collected from downhole sensors, surface equipment and production databases can provide
insights into factors such as pressure, temperature, flow rates and chemical composition.
Acrtificial intelligence algorithms analyze this data to detect anomalies or deviations from
normal operating conditions that could indicate potential integrity issues, such as casing
corrosion or fluid leaks. By analyzing historical data and identifying patterns, Al systems can
detect early warning signs of potential risks and enable operators to take proactive measures.
Al- based predictive maintenance models predict future health issues based on current and
historical data, allowing operators to plan interventions during planned outages. Overall,
using artificial intelligence to automatically monitor well integrity improves safety and

reliabilityand efficiency in oil and gas production.[40][41]

11-5-Decision support:

Using Al for decision support in well integrity is a smart approach. Al can analyze vast
amounts of data from sensors, historical records, and other sources to detect anomalies,
predict potential issues, and recommend maintenance or intervention actions to ensure the
integrity and safety of the well. By leveraging machine learning algorithms, Al can
continuously improve its accuracy and efficiency in identifying threats to well integrity,
ultimately reducing downtime and optimizing operational efficiency.

Some Al techniques commonly used in well integrity applications include machine

learning algorithms , data mining techniques, expert systems, and fuzzy logic.
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The integration of Al into well integrity management has the potential to improve
operational efficiency, reduce costs, and enhance safety and environmental performance in the
oil and gas industry.[42]

I11-Case Study for Well Integrity over a Full Life Cycle By Lloyd H.
Hetrick, PE, CSP Newfield Exploration Company:

I11-1-Abstract:

This case study focuses on well integrity, specifically aiming to prevent the vertical
migration of fluids and safeguard drinking water resources. Rather than standing alone, this
paper serves as an extension of existing well design, construction, and surveillance practices
discussed in the Workshop. It examines a typical shale development well, covering its design
basis, construction, operational phase, and eventual plug-and-abandonment process. Visual
aids in the form of well schematics (provided in Appendix A) illustrate this chronology.

The study delves into regulations, industry standards, and best practices, while also
addressing failure categories and their relative rates at different stages of the well’s life cycle.
Additionally, it raises pertinent issues not fully explored during the Workshop, including
distinctions between exploration and development phases, development well economics,

potential well integrity impacts from neighboring well activities, and a timeline perspective.

I11-2-Introduction:

Understanding the oil and gas project lifecycle involves more than just drilling wells.
Well integrity begins long before the drill bit hits the ground. Geological and geophysical
(G&G) assessments play a crucial role in identifying promising areas. During this phase, we
study offset wells to detect subsurface hazards and develop strategies to avoid or mitigate
them. Once a prospect is defined, mineral leases are secured, and additional G&G and
reservoir analyses inform well design for specific drilling locations.

The initial wells drilled fall into the “exploratory” category. These wells serve two
purposes: assessing the commercial viability of the prospect and gathering data on reservoir
quality. [44] Exploratory wells also help identify construction efficiencies for subsequent
development. As the project transitions from exploration to development, each well must
meet economic criteria to proceed.

Regardless of whether a well is exploratory or part of development, responsible oil and

gas companies prioritize environmental protection, safeguarding mineral reserves, and
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ensuring well integrity. Addressing design flaws during construction is more cost-effective
than re-entering and repairing a well later.

This case study, while generic, mirrors the challenges faced in unconventional plays like
the Marcellus and Eagle Ford formations. Although the current focus may be on a single
reservoir, other hydrocarbon zones remain potential candidates for future development.

While this study will touch on technical aspects, the time constraints of a fifteen-minute
presentation limit our exploration. We’ll focus on critical technical elements, such as failure
modes, but won’t delve too deeply into specifics like galvanic corrosion or sulfide stress
cracking.

Environmental regulations at the federal and state levels protect underground sources of
drinking water (USDWs). In this paper, we’ll use “USDW?” interchangeably with “protected
water”, referring to aquifers with total dissolved solids (TDS) below 10,000 mg/l. [45]

State mineral laws govern mineral extraction and conservation, unless the land falls
under federal jurisdiction (such as BLM or BIA land). Regardless of jurisdiction, the agency
overseeing mineral extraction also plays a key role in protecting USDWs during oil and gas
exploration and production activities. [46] [47]

While hydrocarbons and protected water naturally separate in most cases, there are
regions where methane occurs naturally in USDWSs. Methane has even been associated with
bubbles in rivers since the 1800s. Some methane migration isn’t linked to oil and gas
activities; it occurs via natural pathways. Surprisingly, many complaints about oil and gas
contamination of private water wells are actually due to preexisting or other land use
activities.[48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58]

111-3-Basis of Design:

Development wells are drilled with confidence that their estimated recoverable
hydrocarbon reserves will yield an economically viable return, considering both construction
and operational costs. In unconventional gas plays, these wells often follow generational
designs—groups of wells sharing similar drilling, casing, cementing, perforating, and
hydraulic fracturing approaches. As more wells are drilled, experience allows for adjustments
to design flaws, enhanced drilling efficiency, and improved well performance. Consequently,
subsequent generations of wells rarely mirror each other exactly.

Regardless of generational status, individual wells undergo detailed engineering

analysis and planning. These well-specific procedures, communicated to the wellsite
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supervisor, outline a planned sequence of activities. They also incorporate regulatory

compliance and industry best practices.
111-4- Well drilling:

111-4-1-Conductor Pipe:

The conductor pipe, which is driven, drilled, or augered into the ground before the
drilling rig arrives, serves as a structural component. In some cases, the conductor pipe may
not be necessary.

It typically doesn’t reach the top or penetrate the base of protected water, so it doesn’t

directly contribute to safeguarding USDWs against fluid migration.

111-4-2-Surface Hole Drilling:

The surface hole is drilled to a depth below the base of protected water. State regulators
often provide guidelines for this depth, ensuring that USDWs are protected. In situations
where specific guidance isn’t available, operators rely on databases and local records to create
hydrogeological maps.[59][60][61]

111-4-3-Surface Casing:

The surface casing acts as the primary barrier against fluid migration during drilling.
Unlike the conductor pipe, surface casing is always required. Regulations specify that it must
be of suitable quality, considering factors like tension, burst, and collapse.[62] [63] [64] [65]
[66] [67] [68] [69] [70] [71]

Industry best practices guide casing size, grade, weight, connections, and handling

procedures. Failure Categories for Casing Strings:

— Materials: Defects, tolerance issues, and quality control are critical.

— Connections: Proper makeup and selection prevent issues.

— Wear and Handling: Internal wear from drilling and external damage during handling.

— Mechanical: Tensile, burst, collapse, buckling, and cyclic loading risks.

— Corrosion: Both internal and external corrosion (e.g., galvanic, CO2, sulfide stress,
hydrogen- induced cracking).[72][73]
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111-4-3-1-Mitigating Surface Casing Failures:

Supplier inspections and quality control address material defects.

Onsite supervision minimizes connection problems.

Surface casing wear is usually manageable.

External corrosion is a significant concern, and remedies include coatings, cement
adjustments, and cathodic protection systems.[74][75][76][77][78][79]

I11-4-3-2-Surface Casing Cementing:

The surface casing string’s cement job is crucial for preventing vertical fluid migration
into protected water throughout the well’s lifespan. Remedial cementing options are less
effective for zonal isolation and should be reserved for emergencies. Surface casing
cementing regulations are stringent, covering hole size, casing size, centralization, cement
quality, quantity, placement techniques, and quality assurance. Properly cementing the surface

casing is essential; failure triggers agency notification and corrective actions.[79]

+» Cement Failure Categories:

— Insufficient Cement VVolume: Occurs due to underestimated annular volume or lost
circulation.

— Low Bond Strength: Results from poor slurry design or mismanagement of hydrostatic
head pressure. Micro Annulus, Cracking.

— Plastic Deformation: Influenced by thermal and pressure effects, cyclic loads.
Evaluating cement quality involves temperature logs, Cement Bond Logs (CBLs), and
engineering analysis.

+ Remedial Options:
Remedies for cement failure include pumping in from the top, spotting via a small work
string, or perforating and squeezing.

Proper execution is critical to avoid new zonal isolation problems.

+« Correlations:
— Gas Migration: Uncemented or poorly cemented casing strings correlate with gas
migration.

— External Casing Corrosion: A good cement sheath helps prevent corrosion.[80]
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¢ Formation Integrity Test (FIT):

After successful surface casing testing, the float collar, float shoe, and part of the new
formation are drilled.

The FIT assesses wellbore strength against additional pressure from fluid influx,

ensuring safer drilling to the next casing point.[81]

I11-4-4-Intermediate and Production Casing:

These sections follow similar principles as surface casing but have less comprehensive
regulation regarding depth and specific requirements.

Their purpose remains safe drilling operations and mineral conservation

The initial stages of drilling, casing, and cementing play a pivotal role in establishing
the foundation for well integrity. During those crucial first two days, decisions made
regarding zonal isolation directly impact the protection of underground sources of drinking
water (USDWSs). Ensuring robust well construction practices during this period is essential for

safeguarding both the environment and the well itself.

111-4-5-Well Completion & operation:

Well completion involves perforating the production casing, hydraulic fracturing the
formation, unloading frac fluids, and initiating production operations. Prior to hydraulic
fracturing, the production casing undergoes testing to withstand anticipated frac pressure plus
a safety factor.

During the frac job, monitoring casing annuli, injection rates, pressure, and slurry
properties ensures proper zonal isolation.

Corrective actions are taken if unintended pressure occurs in intermediate casing annuli
or communication with surface casing annuli is detected.

Refracs are similar to original fracs but may use a frac string or wellhead saver to
protect older production casing strings and wellheads. Each refrac situation requires testing
and engineering analysis to ensure well and USDW

protection.

¢ Well Production and Liquid Lifting:
As the well produces, reservoir pressures drop, and liquid rates increase. Devices like
tubing strings with pumping or gas lift equipment are used to lift liquids. The internal

configuration impacts USDW protection and is addressed during the operations phase.
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¢+ Monitoring Casing Annuli:
Prudent operators regularly monitor casing annuli to detect sustained casing pressure
(SCP). SCP can result from thermal expansion, leaks, or poor zonal isolation.

¢ Regulations and Reporting:

All states have rules for reporting and responding to well integrity issues, including
non-thermal SCP and abnormal situations.

The Commonwealth of Pennsylvania mandates quarterly mechanical integrity testing

and annual reporting for operating wells.

% Adjacent Well Operations:

Hydraulic fracturing in nearby wells, especially into unprotected zones, can lead to
unwanted well-to-well communication. Recognizing well integrity as a neighborhood issue
remains an area where regulations and

industry practices need further development.[82][83][84][85]

111-4-6-Well Plug and Abandonment “P&A”Guidance:
Comprehensive guidance exists for plug location, cement quality, quantity, placement
techniques, testing, and reporting. Regulations may specify approved cementing contractors,

independent onsite supervision, and post-cement job certifications.[86]

¢ Industry Studies and Best Practices:

Industry studies and best practices contribute to effective well P&A procedures.

+ Cementing and Zonal Isolation:

Failure studies highlight the importance of the original primary cement job during well
construction.

Wells with gas migration before P&A tend to continue having issues afterward. Proper
cementing techniques (circulation or squeezing) are critical to prevent leakage.[87]

< Well Integrity and Construction:
Well integrity and construction are closely linked, regardless of completion technique.
Primary cementing plays a vital role in preventing fluid migration during the well’s

productive life.[88]
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+ Regulations and Reporting:
State and federal regulations address casing and cementing, emphasizing rules and
reporting requirements.

These regulations adapt to technological advancements.[89]

% Hydraulic Fracturing Concerns:
Adjacent wells and potential communication during hydraulic fracturing remain a

concern. Current regulations and industry practices do not fully address this issue.[90]

I11-4-7-Well construction cycle:
s Well Integrity Narrowly Defined as the Prevention of Fluids Migration into
Protected Water:

| Exploration Phase: Determine Commercial Value |

Development Phase: Well Specific Economics

I Contining Laye SN T
Hsdeocarbon Zone : | Basis of Design for a Development Well l
| Well Integrity “WI" During Drilling ]
| WI During Completion (includes hyd fracturing) |
| WI During Operations (includes re-fracturing) |
T | WI During Plug and Abandonment |
| Full Life Cycle View |

| Discuss Jurisdiction, Regulations, Best Practices |

| Consider Failure Categories, Modes, Relative Rates |

Consider a Time Line Perspective

Case Study not unlike Marcellus and Eagle Ford !

Figure 23: The design of the well planned for drilling.
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« Jurisdiction:

TR S | Federal and State Environmental Laws |

Zone # I State Mineral Law (Federal if BLM, BIA Minerals)

Figure 24: Jurisdiction.

+« Natural Separation of Protected Water and Hydrocarbons, in most cases:

Betofizby | Protected water = USDW < 10,000 mg/l TDS |
Intervening Zone Natural Separation of Protected Water and Hydrocarbons
BB ontining taner RN D

| Will not discuss the natural migration of gas, oil, brine |

Figure 25: Natural Separation of Protected Water and Hydrocarbons.
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¢ Spud well with conductor pipe (driven, augered or drilled) no impact on Protected
Water:

r
Fn-imn- pipe
Intervening Zone | Structural, not always needed I

| Does not penetrate the base of protected water |

| Typically installed before the rig arrives |

Figure 26: Drilling of conductor pipe zon.

« Well is drilled to a prescribed depth below Protected Water:

mw I
[conductor pipe

Protected Water
Mtsrvealag Zone I Drilled to a prescribed depth |

HREERE confining Layer
Hgdrooarhon Zone Typically drilled with air or water based system |
I Drilled in less than a day — Open for a short period only |

Intervening Zone

s A

Hydrocarbon Zone

Figure 27: drilling a prescribed depth below Protected Water.

81
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¢+ Surface casing is run:

| |
‘ ro:mdnmt pipe
Protected Water

surface casing

| Primary barrier from wellbore fluids when drilling the next interval |

BHBEEE convining Layer JEEEEI
Hydrocarbon Zone | Never optional; Extensive regulatory requirements |

| Significant body of industry best practices for running and testing casing |

| Failure categories: materials, connections, handling, mechanical, corrosion |

| External corrosion is most commeon failure mode |

| Remedies may include external coatings, cement, cathodic system |

| Surface casing is run the same day the surface hole is drilled |

Figure 28: Place the surface casing in place.

¢+ Surface casing is cemented and tested:

Intecvening Zone - | Cement is the primary barrier for vertical migration of fluids into USDWs |

| All other attempts aka “remedial cement jobs" have lower success rates |

| Prescriptive regulatory requirements apply to this cement job |

| Failure to comply triggers agency notification and remedial actions |

| Significant body of industry guidance and best practices for cementing |

| Cement sets-up, then casing and cement float equipment is tested together |

| Failure categories; insufficient volume, low bond strength, sheath damage |

| Remedies include: pumping in, top job, perforate the casing and squeezing |

Strong correlation

Hadiosabhon Zone | Strong correlation between poor cement sheath & gas / fluid migration |

| Surface casing on our case study well is cemented at the end of day #2 |

Figure 29: Cementation and testing of surface casing.
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¢+ Surface casing shoe and formation are integrity is tested:

1
Foo‘uuu pipe

;. surface casing | The FIT tests the casing shoe and adjacent formation together |

I Not a leak-off test, it does not establish a limit I

| Assessment of well's ability to withstand pressure to the next casing point |

I For our case study well we are now at the end of day #3 |

s L

Figure 30: Testing of surface casing shoe.

«» Next section of hole is drilled:

Depth for the next hole section is not prescribed, as for the surface casing

BB contining Layer RN

Safe drilling operations and not wasting minerals are the general guidelines

Hydiocaibon Zone

| For our case study well this section takes a week, now at end of day #10

Figure 31: Drilling of next section of hole.

83



Chapter 1V: Al-Based Well Integrity: A Case Study for Well Integrity over a Full Life Cycle
By Lloyd H. Hetrick, PE, CSP Newfield Exploration Company

¢ Intermediate string of casing is run:

THBHRE Confining Laye: RHRNIE]
Hydiooarbon Zone

1
[ Jeonductor pipe

%, sutface casing

I Safe drilling operations and not wasting minerals are the general guidelines I

| For our case study well this section takes a week, now at end of day #11 |

intermediate casing
[t

Figure 32: Place the intermediate string of casing in place.

+ Intermediate casing is cemented and tested:

B Confining Layes HRHANING
Hydiooarbon Zone

surface casing | Cement is the primary barrier for vertical migration of fluids |

The first attempt aka 'primary cement job' is most critical for well integrity r

| All other attempts aka “remedial cement jobs” have lower success rates |

| Less prescriptive regulations than for the surface casing cement job |

| Cement sets-up, then casing and cement float equipment is tested together |

| Failure categories; insufficient volume, low bond strength, sheath damage |

| Remedy is to perforate the casing and squeeze |

| Strong correlation between poor cement sheath and external casing corrosion

| Strong correlation between poor cement sheath and gas / fluid migration |

Confining Lager

. interme-diate casi

Intermediate casing on case study well is cemented by the end of day #12 |

Figure 33: Cementation and testing of Intermediate casing.
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« Intermediate casing shoe and formation integrity are tested:

i suitace casing

g : I The FIT tests the casing shoe and adjacent formation together I
RIS conrining u,..—i : w
Hyd bon 2 & i

I Not a leak-off test, it does not establish a limit |

| Assessment of well's ability to withstand pressure to the next casing point |

| For our case study well we are now at the end of day #13 |

p i intermediate uslul
v

Figure 34: Testing of Intermediate casing shoe.

«» Next section of hole is drilled:

K: surface casing

I Depth for the next hole section is not prescribed, as for the surface casing I

S Confining Layer SREHIBMERIRNE i R R R R R R R R

IS i i I Safe drilling operations and not wasting minerals are the general guidelines ]

I For our case study well this section takes 2 weeks, now at end of day #27 I

Figure 35: Drilling of next section of hole.
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¢+ Production casing is run:
.

IR contining Layer ETEREREN

For our case study well.this takes 2 days, now at end of day #29

Figure 36: Place the production casing in place.

¢+ Production casing is cemented, Drilling phase is done:

| Cement is the primary barrier for vertical migration of fluids

Intervening Zone
SRR Contining Laye: ERRHRERM e e T
Hydiocarbon Zone
| All other attempts aka "remedial cement jobs” have lower success rates |
| Less prescriptive regulations than for the surface casing cement job |
| Failure categories; insufficient volume, low bond strength, sheath damage |
Intereening Zone

| Remedy is to perforate the casing and squeeze |

| Strong correlation between poor cement sheath and external casing corrosion |

| Strong correlation between poor cement sheath and gas / fluid migration |

| Production casing on our case study well is cemented by the end of day #30 |

Drilling operations are done, Well Integrity is pretty much determined

Figure37: Cementation Production casing.
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s+ Completion phase:perforate, hydraulically frac, flowback, production begins:

B confining Layer SEENEIHE

./‘/‘/I Monitor all annulus pressures |

| Production casing and cement float equipment are tested together |

| Completion phase begins

| The production casing is perforated & frac'ed stage by stage, “toe” to “heel" |

| During the frac monitor injection pressures, rates, and annular pressures |

| After the final frac stage is pumped, drill out the isolation plugs |

| Frac flowback period varies from days to weeks, Completion ops are done |

l

| Production phase begins, basically this is how it looks for next 30 years

Figure 38: Phase of Completion.

+ Refrac and Adjacent Well Frac Scenarios:

Intervening Zone
SRENEH Contining Laye: ERENEEN
Hydiocarbon Zone

‘WI Moenitor all annulus pressures |

Hydraulic fracturing activity on this well might impact our adjacent
case study well if our well's cement is absent or not sufficient to
withstand the conditions imposed on it

| Refracs require well specific analysis to identify potential weak links |

| Squeeze cement, frac string, wellhead saver can protect weak components |

| Well integrity during a refrac is all about planning, pressures, and rates

Figure 39: Refrac and Adjacent Well.
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¢ Plug and Abandonment begins, producing zone is plugged and tested:
1 : FEL LD

surface casing

| 30 years later, all the reserves have been produced, P&A begins |

| A cement plug is the primary barrier for isolating the hydrocarbon zone

Figure 40: Plugging and testing of producing zone.

¢+ Casing is cut or perforated near the surface casing shoe:

=)

Interwening Zone :
[ contining Laye: EENNENEINE
Hydracarbon Zone

Insesxeaing Zoos : : Production casing is cut, bridge plug is set in the intermediate casing

\ Gy L . :-:,i:,iiff::,;,-: iy

Figure 41: Cut or perforating the casing near the surface casing shoe .
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% Cement plug is set across the surface casing shoe and tested:

I contining Laye EENIENENENE
Hydrocarbon Zone :

A cement plug set across the surface casing shoe

Figure 42: Cement plug set across the surface casing shoe.

¢ Shallow surface plug is set and tested:

BB contining Layer SRIBIRING
Hydrocaibon Zong

A cement plug set near the surface

Figure 43: Setting and testing the Shallow surface plug.
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¢ Pipe cut-off, cap welded, well ID marker, backfill:

_J_

THHHER] conbining L ager SNSRI - e e
i :

All strings are cut and capped, well ID marker, then backfilled with soil

Figure 44: Cutting and capping All strings , well ID marker, then backfilled with soil.

111-4-8-Conclusions:

The relationship between well integrity and well construction is fundamental, regardless
of the chosen completion technique. Primary cementing plays a pivotal role in preventing
vertical fluid migration throughout the well’s productive life and beyond.

State and federal regulations provide prescriptive rules and reporting requirements for
casing and cementing. Meanwhile, the industry relies on a wealth of technical studies and best
practices.

Among the identified casing failure categories—materials, connections, wear/handling,
mechanical, and corrosion—cementing failure categories pose more significant challenges:
insufficient cement volume, low bond strength, and cement sheath damage. For hydraulically
fractured completions, extensive industry technical information and best practices have been
published. State and federal regulations governing hydraulic fracturing continually evolve to
keep pace with technological advancements.[91]

However, the issue of adjacent wells and potential unwanted communication during

hydraulic fracturing remains largely unaddressed by regulations and industry studies.
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General Conclusion

The integration of Artificial Intelligence (Al) in shale gas exploration holds significant
promise. Responsible Al development, environmental considerations, and effective
monitoring are crucial for successful drilling operations and well integrity in unconventional
reservoirs. Algeria aims to leverage its substantial shale gas reserves for energy independence
and economic growth, but addressing water contamination, air pollution, and seismicity
remains essential. Real-time optimization using Al, data analysis from sensors, and automated

control systems enhance safety and maximize resource recovery.
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