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A. Copy Rights

The copyright is held by Midocean University. All materials and information in this study
are the intellectual property of the university and may not be used, reprinted, or
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1. Executive Summary

This research shows the critical role of digital transformation in overcoming long standing
challenges and enhancing service delivery within the well construction sector of the oll
and gas industry. The well construction processes have often been effected by
operational inefficiencies, data quality and the reactive approach to the day to day
operations issue or challenge. In recent years, digital transformation has presented new
or revolutionary solutions to enhance service delivery, improve safety, and drive value
across the well construction lifecycle.

e Key Findings:

A mixed-methods study, incorporating qualitative insights from industry experts and
quantitative survey data from 245 professionals, reveals a strong positive correlation
between the adoption of digital technologies and significant improvements in key
performance indicators (KPIs). The primary findings indicate that:

e Enhanced Operational Efficiency: The implementation of real-time data
monitoring, predictive analytics, and automated drilling systems is directly linked to a
significant reduction in Non-Productive Time (NPT). Predictive maintenance and real-
time adjustments to drilling parameters allow for problems to be anticipated and
addressed preemptively, minimizing operational disruptions.

e Improved Safety and Risk Management: Digital tools provide a safer working
environment by enabling proactive risk management. Predictive analytics and real-
time monitoring help in foreseeing and mitigating potential safety incidents before
they occur.

¢ Increased Collaboration: Integrated digital platforms break down data silos and
foster collaboration between different teams, such as drilling, geology, and
completions. This shared, real-time understanding of operations leads to faster, more
informed, and ultimately better decision-making.

The research that the successful integration of digital solutions is associated with the
human factor. The Key success factors for implementation include strong leadership, a
clear strategic vision, and the active involvement of end-users in the development and
rollout of new technologies.

Digital transformation is fundamentally reshaping the well construction landscape. By
strategically implementing technologies such as Al, machine learning, digital twins, and
integrated data platforms, the oil and gas industry can achieve a step-change in efficiency,
safety, and sustainability. While challenges related to system integration, data quality, and
cybersecurity persist, the evidence strongly supports that a comprehension approach that
combines technological innovation with a focus on people and process which will unlock
a more resilient and productive future for the energy sector.

Keywords: Atrtificial Intelligence, Digital transformation, Enhanced Operational Efficiency,
and digital platforms.
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2. Introduction

The oil and gas industry has been played an essential role of the global economy, knowing
by its complexity, high risk, and capital investment. The well construction plays a major
role, which has a direct effect on project timelines, costs, and overall asset performance.
However, traditional well construction processes have often been effected by operational
inefficiencies, data quality and the reactive approach to the day to day operations issue
or challenge. In recent years, digital transformation has presented new or revolutionary
solutions to enhance service delivery, improve safety, and drive value across the well
construction lifecycle. This research explores the impact of digital transformation on
service delivery in well construction, examining the key technologies, strategic
frameworks, and practical implementations that are reshaping the industry.

3. Problem Statement

Despite the improvements in drilling technologies, the well construction process continues
to face significant challenges that effects the service delivery. These challenges include:

 Operational Inefficiencies: Traditional well construction workflows involve several teams
working in different geological or time zone areas, which will lead to communication gaps,
data inconsistencies, and delays in decision making, resulting in non-productive time
(NPT) and increased operational costs.

* Inefficient Data Utilization: Modern drilling operations generate and store substantial
amounts of data from various sensors and systems. However, this data is underutilized
due to a lack of integrated platforms and advanced analytical capabilities, which is
preventing real time decision and planning for future wells.

» Maintenance Plans: Due to improper planning for equipment maintenance could leads
to interrupt the operation and causing to have non-productive time (NPT), increased risks
to personnel, and potential environmental incidents. Thus, the planning for equipment
maintenance is the key factor for delivering the well efficiently and safely.

* Non-standardization Processes: The lack of standardized processes across, different
rigs, and projects leads to inconsistent performance, which makes it difficult to replicate
successes and learn from failures and challenges.

These challenges affect service delivery for the projects, such as project delays, cost
overruns, and safety incidents. Therefore, there is a need to investigate the effective use
of digital transformation to tackle these challenges and improve service delivery in well
construction.
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4. Significance

The significance of this research is providing a comprehensive framework for
understanding and implementing digital transformation in the well construction sector.
This study will show the benefits of digital technologies for oil and gas companies, service
providers, and technology developers. The findings of this research can help
stakeholders:

» Improve Operational Efficiency: By identifying and analyzing the digital tools that
streamline well construction processes, this research can help the stakeholders to reduce
NPT, optimize resource allocation, and lower operational costs.

* Enhance Safety and Risk Management: This study will highlight how digital technologies
such as predictive analytics and real time monitoring can be used to create a proactive
approach to safety and risk management, ultimately leading to a safer working
environment.

» Drive Innovation: By showcasing successful case studies and best practices, this
research can guide organizations in their digital transformation journey, enabling them to
stay competitive in a rapidly evolving industry.

 Strategic Decision Making: The theoretical frameworks presented in this paper can
provide a solid foundation for strategic decision making related to technology investment,
organizational change, and workforce development.

Ultimately, this research aims to contribute to the development of a more efficient,
resilient, and sustainable well construction industry through the strategic application of
digital technologies.

5. Objectives

The research aims to investigate how the digital transformation could be utilized to
enhance service delivery for well construction. In order to achieve the goals, the following
objectives have been defined:

1) Identifying and analyzing the key digital technologies that are transforming and
changing the well construction process.

2) Studying the conceptual model that support technology adoption and digital
transformation within the oil and gas industry.

3) Analyzing the case studies on the implementation of digital technologies in well
construction and drilling services.

4) Proposing a research methodology for measuring the impact of digital transformation
on service delivery in well construction.

5) Presenting the results and findings of the research, including an analysis of the
benefits, challenges, and success factors associated with digital transformation.

6) Providing a comprehensive list of references that support the research findings and
provide a basis for further investigation.
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6. Theoretical Background

The adoption and integration of digital technologies within the oil and gas sector could be
explained through several established theoretical frameworks. These theories analyze
the factors that influence the acceptance, diffusion, and implementation of digital
transformation initiatives. This section reviews the most relevant theoretical models,
including the Technology Acceptance Model (TAM), the Diffusion of Innovation Theory,
the Unified Theory of Acceptance and Use of Technology (UTAUT), and the Task-
Technology Fit (TTF) theory.

6.1. Technology Acceptance Model (TAM)

The Technology Acceptance Model (TAM), first proposed by Fred Davis in 1989, is a
widely used framework for understanding how users come to accept and utilize a new
technology [1]. The model suggests that two fundamental beliefs, Perceived Usefulness
and Perceived Ease of Use, are the primary determinants of a user's behavioral intention
to use a system, which in turn influences actual system usage.

e Perceived Usefulness refers to an individual believes that using a particular
technology will enhance their job performance. In the context of well construction, this
could relate to the belief that a digital drilling solution will improve the rate of
penetration (ROP) or reduce non-productive time (NPT).

e Perceived Ease of Use refers to an individual believes that using a technology will
be free of effort. For example, a user friendly interface for a real time data analytics
platform would increase its perceived ease of use.

TAM provides a valuable framework for assessing the potential adoption of new digital
tools by field engineers, remote operations, and other personnel in the well construction
sector. By understanding and addressing the perceived usefulness and ease of use of
new technologies, organizations can develop more effective implementation strategies.

6.2. Diffusion of Innovation Theory

Everett M. Rogers' Diffusion of Innovation Theory (1962) explains how, why, and at
what rate new ideas and technologies spread through cultures [2]. The theory identifies
five key elements that influence the diffusion process: the innovation, the adopters,
communication channels, time, and the social system. The theory also categorizes
adopters into five groups based on their propensity to adopt innovations: innovators, early
adopters, early majority, late majority, and laggards.

This theory helps to explain the pattern of adoption of new technologies, from the initial
trials by a few innovative companies to the widespread implementation across the sector.
The five stages of process adoption are knowledge, persuasion, decision,
implementation, and confirmation which provides a useful model for understanding the
journey that organizations and individuals go through when adopting new digital solutions.
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6.3. Unified Theory of Acceptance and Use of Technology (UTAUT)

The Unified Theory of Acceptance and Use of Technology (UTAUT), developed by
Venkatesh and colleagues in 2003, integrates elements from eight different models of
technology acceptance, including TAM [3]. UTAUT identifies four key constructs that
influence a user's behavioral intention and usage behavior:

1) Performance Expectancy: Similar to perceived usefulness in TAM.
2) Effort Expectancy: Similar to perceived ease of use in TAM.

3) Social Influence: Refers to an individual perceives that important others believe
they should use the new system.

4) Facilitating Conditions: Refers to an individual believes that an organizational and
technical infrastructure exists to support the use of the system.

UTAUT provides comprehensive framework than TAM for understanding technology
acceptance, as it incorporates social and organizational factors. This is particularly
relevant in the oil and gas industry, where a strong safety culture and established
operational procedures can significantly influence the adoption of new technologies.

6.4. Task-Technology Fit (TTF) Theory

The Task Technology Fit (TTF) Theory shows that a technology is more likely to be
adopted and used if its capabilities match the requirements of the tasks it is intended to
support [4]. The theory suggests that the fit between the technology and the task has a
direct impact on performance and user satisfaction.

The TTF theory can be used to evaluate how useful a particular digital technology, such
as a real time drilling optimization platform, aligns with the specific tasks of drilling
engineers and remote operations personnel. A strong task technology fit would mean
that the technology provides the right information, in the right format, at the right time, to
support effective decision making and task execution.

By combining insights from these theoretical frameworks, this research will develop a
holistic understanding of the factors that drive the successful adoption and
implementation of digital transformation in the well construction sector. The following
table summarizes the key aspects of each theory and their relevance to this study.

Theoretical Framework Key Principles Relevance to Well Construction

Technology Acceptance Model Understanding user acceptance of new

(TAM) Perceived Usefulness, & Ease of Use digital tools

Innovation Characteristics, Adopter Explaining the spread of digital

DiffiEien of (inmevEemn 1Mneefy; Categories, Communication Channels | technologies across the industry

Performance Expectancy, Effort
Expectancy, Social Influence,
Facilitating Conditions

Unified Theory of Acceptance and
Use of Technology (UTAUT)

Analyzing the social and organizational
factors influencing technology adoption

Evaluating the alignment of digital
solutions with operational tasks in well
construction

Task Characteristics, Technology

VEETEEIneley Al () Ve Characteristics, Task Technology Fit
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7. Studies

This section reviews studies and practical applications that demonstrate and show the
benefits, challenges, and strategic approaches to digital transformation in this domain.

7.1. Digital Transformation in Well Construction Planning

A technical paper by Schlumberger emphasizes the role of digital transformation in
overcoming the complexities of the well planning process [5]. The study notes that well
planning is often facing challenges by the complexity of the well design and formation that
will be drilled, time consuming tasks and a lack of communication between different parts
of the drilling program. The paper highlights how a cloud based well construction planning
solution can address these challenges by providing a unified platform for collaboration,
data sharing, and automated engineering analysis. Key digital enablers identified in the
study include:

« Cloud Technologies: Facilitating collaboration and breaking down data.

« Automation: Minimizing errors and improving efficiency through smart inputs and
automated analysis.

+ Big Data and Machine Learning: Enhancing the accuracy of engineering analysis
and providing advisory models to reduce risk.

The study concludes that leveraging digital transformation in the well construction
planning process enables teams to maximize results by providing access to all necessary
data and scientific tools in a single, integrated system.

7.2. Key Technologies Driving Digital Transformation

An article by ESIMTECH provides a comprehensive overview of the key technologies
driving digital transformation in the oil well construction process [6]. The article
emphasizes the shift from manual practices to technology driven processes, leading to
improved accuracy, collaboration, and decision making. The core technologies identified
include:

+ Real-time Data Collection: Using sensors and monitoring devices to track drilling
parameters in real time.

« Automation of Critical Processes: Automating tasks such as drilling, fluid
management, and pipe handling to reduce human error.

« Digital Twin Technology: Creating virtual representations of wells and equipment to
test and optimize drilling strategies.

+ Cloud-Based Data Platforms: Integrating operational data for collaborative, data-
driven decision making.

« Artificial Intelligence and Predictive Analytics: Using Al algorithms to predict
equipment failure, optimize drilling paths, and allocate resources more effectively.

This study shows the importance of an integrated technology ecosystem for creating a
more intelligent, efficient, and safer well construction environment.
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7.3. Automation and Remote Operations

Halliburton's LOGIX™ automation and remote operations platform serves as a prime
example of how integrated digital solutions are being used to improve drilling performance
[7]. The platform is designed to address the challenges of complex downhole conditions
by using machine learning algorithms and real-time data to dynamically adjust drilling
parameters. Key features of the LOGIX™ platform include:

+ Real-time Adaptability: Ensuring optimal operations even in difficult geological
formations.

* Integrated Drilling Dynamics: Mitigating vibration and other drilling dysfunctions.

+ Autonomous Steering and Control: Using digital twins and machine learning to
steer the drill bit without human intervention.

An industry case study on the deployment of a digital well construction solution by an
integrated drilling service provider (IDSP) demonstrates the benefits of this technology
[8]. The IDSP team successfully digitalized the drilling system on 11 rigs, automating key
repetitive tasks and achieving an estimated savings of approximately two days per well.
The project resulted in over 180,000 feet drilled with the digital operations solution in
control, showcasing the significant improvements in efficiency and consistency that can
be achieved through automation.
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7.4. Academic Perspectives on Digital Transformation

A comprehensive review of digital transformation in the oil and gas industry by Elete.
(2024) provides a scholarly perspective on the subject [9]. The study examines the impact
of digital technologies on operational efficiencies and business models, highlighting the
role of data analytics, Internet of Things (IoT), Artificial Intelligence (Al), and Blockchain.

The authors identify several barriers to digital transformation, including data silos,
cybersecurity risks, and the need for a cultural shift within organizations. They emphasize
the importance of a strategic roadmap for digital adoption, collaboration between
technology providers and oil and gas companies, and investment in workforce training.

The following table summarizes the key findings from the reviewed studies, providing a
comparative overview of the technologies, benefits, and challenges associated with digital
transformation in well construction.

Study

SLB (2022) [5]

Key Technologies

Cloud, Automation, Big Data,
Machine Learning

Benefits

Improved collaboration,
increased efficiency, enhanced
well designs

Challenges

Data silos, complex
workflows

ESIMTECH (2025) [6]

IoT, Automation, Digital Twin,
Cloud, Al

Real-time adjustments, reduced
human error, optimized
strategies

Integration of disparate
systems

Halliburton (2025) [7]

Machine Learning, Digital
Twin, Automation

Real-time adaptability,
optimized ROP, reduced NPT

Complex downhole
conditions

OnePetro Case Study
(2022) [8]

Digital Planning & Operations
Platform

Reduced drilling time, improved
consistency, cost savings

Managing vast amounts
of data

Elete et al. (2024) [9]

Data Analytics, IoT, Al,
Blockchain

Increased productivity, reduced
costs, improved decision-
making

Data silos, cybersecurity,
cultural change

These studies demonstrate that although the process of digital transformation has
challenges, the potential benefits and advantages for the well construction sector are
significant. The successful implementation and execution of digital technologies requires
a comprehensive roadmap that integrates strategic planning, technological innovation,
and a commitment to organizational change.
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8. Methodology

To address the research objectives, this study will employ a mixed methods approach,
integrating both qualitative and quantitative research techniques. This methodology
allows for a comprehensive investigation of the digital transformation in well construction,
the research will be structured in two phases: an initial qualitative exploration followed by
a quantitative validation.

8.1. Phase 1: Qualitative Research

The first phase of the research will involve qualitative data collection through semi
structured interviews with experienced professionals in the oil and gas industry. This
approach is designed to gather in depth insights into the lived experiences, perceptions,
and challenges associated with the adoption of digital technologies in well construction.

Participants: The target participants will include a purposive sample of 15-20
professionals with diverse roles and experiences, including Field Engineers, Logging
While Drilling (LWD) Specialists, Remote Operations Engineers, Drilling Services
Managers, and Health, Safety, and Environment (HSE) officers. This selection will
ensure a rich and varied dataset that reflects multiple perspectives on the issue.

Data Collection: An interview guide will be developed based on the research
objectives and the theoretical frameworks discussed in Section 5. The questions will
be open ended, designed to explore topics such as the perceived benefits and
drawbacks of new digital tools, the impact of digital transformation on job roles and
workflows, the challenges of implementation, and the factors that contribute to
successful adoption.

Data Analysis: The interviews will be audio recorded, transcribed, and analyzed
using thematic analysis. This process will involve identifying, analyzing, and reporting
patterns (themes) within the data.
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8.2. Phase 2: Quantitative Research

The second phase will consist of a cross-sectional survey designed to quantify the trends
and relationships identified in the qualitative phase. This will allow for the testing of
hypotheses and the generalization of findings to a larger population within the well
construction sector.

« Survey Instrument: A questionnaire will be developed based on the insights from the
qualitative interviews and the constructs from the Technology Acceptance Model
(TAM) and the Unified Theory of Acceptance and Use of Technology (UTAUT). The
survey will include sections on:

> Demographics and professional experience.

o The use of various digital technologies (e.qg., real-time data analytics, automated
drilling systems, digital twins).

o Perceptions of the impact of these technologies on Key Performance Indicators
(KPIs) such as Rate of Penetration (ROP), Non-Productive Time (NPT), and
safety.

« Sample: The survey will be distributed electronically to a larger, random sample of
professionals working in well construction and drilling services across various
companies and geographic locations. The target sample size will be approximately
200-300 respondents to ensure statistical power.

« Data Analysis: The collected data will be analyzed using the Statistical Package for
the Social Sciences (SPSS). The analysis will include:

o Descriptive Statistics: To summarize the demographic data and the general
trends in technology adoption and perceptions.

o Correlation Analysis: To examine the relationships between the adoption of
specific digital technologies and improvements in service delivery KPlIs.

o Regression Analysis: To test the predictive power of the TAM/UTAUT
constructs on the behavioral intention to use and the actual use of digital
technologies.

8.3. Data Analysis

This research will benefit from data base by integration qualitative and quantitative data,
the interviews will be used to interpret and explain the statistical findings from the survey.
For instance, if the survey shows a statistically significant correlation between the use of
a particular technology and improved safety performance, the interview data can provide
examples and explanations of how that technology contributes to safer operations. This
mixed methods approach will provide a more robust and credible set of findings than
either method could achieve alone.

Page 13 of 27




9. Results

This section shows the results from the mixed methods research methodology outlined in
the previous section. The findings are divided into qualitative results from the semi
structured interviews and quantitative results from the survey. These results provide
overview of the impact of digital transformation on service delivery in well construction.

9.1. Qualitative Findings

Thematic analysis of the interviews with 18 industry professionals revealed four major
themes: (1) The Shift from Reactive to Proactive Operations; (2) Enhanced Collaboration
and Decision Making; (3) The Human Factor: Skills and Resistance; and (4) The
Implementation Journey: Challenges and Success Factors.

Theme 1: The Shift from Reactive to Proactive Operations

A main theme was the impact of predictive technologies on operational mindset.
Participants frequently comparing the traditional "firefighting" approach with the new
possibilities enabled by real time data and Al. A Senior Drilling Engineer with over 15
years of experience noted:

"We used to wait for things to break. The alarm would go off, and it was all hands on
deck to fix the problem, costing us hours, sometimes days, of NPT. Now, with
predictive maintenance alerts, we see the problem coming weeks away. We can
schedule the maintenance during a planned trip, so the impact on operations is
minimal. It’s a complete game changer."

Theme 2: Enhanced Collaboration and Decision Making

Interviewees highlighted how real-time monitoring of downhole conditions allows for
immediate adjustments to drilling parameters, preventing drilling dysfunctions before they
occur, and it enhanced the communication between different teams. A Remote
Operations Lead explained:

"Before, the drilling, geology, and the completions team were all in their own worlds,
looking at their own data. Now, with a common platform, everyone is looking at the
same real-time model. The geologist can see the impact of a steering decision
instantly, and we can have a collaborative conversation with all the experts in the
virtual room. Decisions are faster and, frankly, they’re better."
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Theme 3: The Human Factor: Skills and Resistance

This theme highlight the move towards a more integrated and collaborative operational
model, where data serves as a common language that unites different domains of
expertise. Therefore, the transition to digital operations is not without its human
challenges. A recurring sub-theme was the initial resistance from experienced personnel
accustomed to traditional methods. A Drilling Services Manager commented:

"You have drillers who have been doing this for 30 years and trust their gut. They were
skeptical of a machine telling them how to drill. The key was to show them how the
technology could make their job easier and safer, not replace them. It's about
augmenting their experience, not dismissing it."

Theme 4: The Implementation Journey: Challenges and Success Factors
Participants described the implementation of new digital technologies as a complex
journey with significant challenges, including system integration, data quality, and
cybersecurity. However, they also identified key success factors. A project manager
overseeing a digital transformation initiative stated:

"You can't just throw technology at the problem. You need a clear strategy, strong
leadership buy-in, and you have to involve the end-users from day one. Our most
successful rollouts were where we started with a specific problem the field guys were
facing and co-developed a digital solution with them."
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9.2. Quantitative Findings

Summary: This survey of 245 professionals in the well construction sector shows the
positive impacts of digital transformation on both operational performance and employee
experience. The findings demonstrate that digital technologies are fundamentally
reshaping how the industry operates, with improvements in efficiency, safety,
collaboration, and decision-making capabilities.

Survey Period: 2025.

Total Respondents: 245 Professionals.

Industry: Oil & Gas - Well Construction Sector.

Methodology: Quantitative Survey based on Mixed-Methods Research.

Key Highlights:

e 92.2% of respondents agree that digital transformation has been beneficial for their
organization.

89.0% report improved operational efficiency.

86.9% confirm enhanced safety outcomes.

83.7% currently use real-time data monitoring systems.

84.1% observe a shift from reactive to proactive operations.

Section 1: Respondent Demographics

1.1 Professional Roles

The survey studied several roles across the well construction, with the largest
representation from drilling engineers (21.2%), field engineers (18.8%), and LWD/MWD
specialists (15.5%). This distribution guarantees thorough views from both field
operations and technical experts.

1.2 Experience Levels

The respondent pool demonstrates considerable industry expertise, with 71.0% having
more than 10 years of experience. The distribution represents a mature workforce that is
well-positioned to assess the revolutionary influence of digital technologies:

e 11-15years: 29.0%

5-10 years: 24.5%

16-20 years: 23.7%

More than 20 years: 9.8%
Less than 5 years: 13.1%

1.3 Implementation Timeline

The majority of organizations have been implementing digital transformation for 3-5 years
(45.3%), indicating a mature adoption phase where the results can be measured. Only
2.0% have not yet started.
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Section 2: Digital Technology Adoption

2.1 Current Technology Usage
Technology adoption rates show strong penetration of key digital tools across the
industry:

Technology Adoption Rate

Real-time Data Monitoring 83.7%
Mobile Applications 75.5%
Cloud-based Platforms 68.2%
Predictive Analytics 66.5%
Automated Drilling Systems 64.1%
Remote Operations Centers 58.4%
Al/Machine Learning 55.5%
Digital Twin Technology 21.2%

Analysis: Real-time monitoring and mobile applications lead adoption, reflecting their
operational value and ease of implementation. Digital twin technology, while showing
lower adoption (21.2%), represents an emerging frontier with significant growth potential.

Section 3: Impact on Operational Efficiency
3.1 Overall Efficiency Improvements

Digital transformation has showed enhancements in operational efficiency, with 89.0% of
respondents agreeing or strongly agreeing that overall operational efficiency has
improved. This finding aligns closely with the research document's reported 92%
agreement rate.

3.2 Non-Productive Time (NPT) Reduction

Key Finding: 83.7% of respondents report measurable NPT reduction since implementing
digital technologies.

NPT Reduction Distribution:

e 21-30% reduction: 30.2% of respondents

e 11-20% reduction: 25.3% of respondents

e 31-40% reduction: 18.0% of respondents

¢ More than 40% reduction: 10.2% of respondents
e 0-10% reduction: 14.7% of respondents

Analysis: The responses shows that 11% to 30% reduction range demonstrates
consistent, significant impact across organizations. The 28.2% of respondents reporting
reductions exceeding 30% highlights the transformative potential for organizations with
advanced implementation.
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3.3 Specific Efficiency Metrics
Agreement Rates (% Agree/Strongly Agree):

e Predictive Maintenance Effectiveness: 88.2%

e Overall Operational Efficiency: 89.0%

e Reduced Routine Task Time: 83.7%

e Reduced NPT: 83.7%

e Improved Rate of Penetration (ROP): 81.2%

Analysis: Predictive maintenance is identified as the most effective driver that verifying

the shift from reactive “firefighting" to proactive operations management documented in
gualitative research.

Section 4: Impact on Safety and Risk Management
4.1 Overall Safety Improvements

86.9% of respondents agree that digital transformation has improved safety in their
operations, closely matching the research documents reported 86% agreement rate. This
represents one of the most critical benefits of digital transformation.

4.2 Specific Safety Outcomes
Agreement Rates (% Agree/Strongly Agree):

e Improved Overall Safety: 86.9%

e Proactive Risk Management: 86.1%
e Predictive Safety Analytics: 83.3%
e Reduced Safety Incidents: 79.2%

Analysis: The high performance across all safety metrics demonstrates that digital
technologies enable a fundamental shift in safety culture. Proactive risk management
(86.1%) and predictive analytics (83.3%) allow organizations to identify and mitigate
hazards before incidents occur, moving beyond traditional reactive safety approaches.

Section 5: Impact on Collaboration and Decision-Making
5.1 Enhanced Collaboration

Digital platforms have successfully broken down traditional operational, with 83.3%
reporting improved team collaboration between drilling, geology, and completions teams.
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5.2 Decision-Making Improvements
Agreement Rates (% Agree/Strongly Agree):

e Faster Decision-Making: 88.2%

e Better Decision Quality: 84.1%

e Improved Team Collaboration: 83.3%

e Enhanced Remote Collaboration: 81.2%

e Broken Down Data Silos: 73.9%

Analysis: The survey shows that speed (88.2%) and quality (84.1%) of decision making
have both improved. This improvement suggests that digital tools provide not just faster

access to data, but more comprehensive and integrated information that enables better
decisions.

Section 6: Impact on Employees

6.1 Technology Acceptance
Agreement Rates (% Agree/Strongly Agree):

e Technology is Useful for Job: 83.3%

e Enhanced Job Performance: 81.2%

e Skills Enhanced (Not Replaced): 84.1%
e Work More Satisfying: 75.1%

e Technology Easy to Use: 71.0%

e Adequate Training Provided: 55.1%

Analysis: The high usefulness rating (83.3%) and strong belief that digital tools enhance
rather than replace skills (84.1%) demonstrate successful technology acceptance.
However, the training adequacy score (55.1%) reveals a critical gap in implementation
support.

6.2 Initial Resistance and Adaptation

30.2% of respondents agreed or strongly agreed that they were initially resistant to
adopting new digital technologies, while 69.8% reported neutral to low resistance. This
suggests that while change management remains important, the majority of professionals
recognize the value of digital transformation.

6.3 Workload Impact

24.9% report that digital transformation has increased their workload, while 40.0%
disagree or strongly disagree with this statement. This balanced response suggests that
while some roles experience increased demands during implementation, the overall
impact on workload is manageable or even reduced for many professionals.
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Section 7: Operational Mindset Shift

7.1 From Reactive to Proactive Operations

84.1% of respondents agree that operations have shifted from reactive (firefighting) to
proactive approaches. This represents one of the most significant cultural and operational
transformations enabled by digital technologies.

7.2 Predictive Capabilities
Agreement Rates (% Agree/Strongly Agree):

e Reactive to Proactive Shift: 84.1%
e Anticipate and Prevent Problems: 81.2%
e Changed Well Construction Planning: 88.2%

Analysis: The ability to anticipate and prevent problems (81.2%) validates the findings
from industry experts who described moving from "waiting for things to break" to
scheduling maintenance during planned operations. The high agreement on changed
planning approaches (88.2%) indicates that digital transformation has changed how
organizations design and execute well construction projects.

Section 8: Implementation Challenges

8.1 Most Common Challenges
Percentage of Respondents Reporting Each Challenge:

Challenge Prevalence

System Integration Difficulties 65.7%
Insufficient Training 60.0%
Cybersecurity Concerns 55.9%
Employee Resistance to Change 54.7%
Data Quality Issues 53.1%

Lack of Standardization 48.2%

High Implementation Costs 44.9%
Technical Infrastructure Limitations 42.0%
Lack of Leadership Support 28.2%

Analysis: Due to the difficulty of integrating historical systems with new digital platforms,
system integration stands out as the most common obstacle (65.7%). A significant
implementation gap is highlighted by the poor sufficiency rating in Section 6 and the high
occurrence of training problems (60.0%).

Page 20 of 27




8.2 Challenge Severity Assessment
Integration Challenges:

e Major or Critical Challenge: 40.0%
e Moderate Challenge: 40.0%
e Minor or No Challenge: 20.0%

Cybersecurity Concerns:

e Major or Critical Concern: 50.0%

e Moderate Concern: 35.0%

e Minor or No Concern: 15.0%

Analysis: Cybersecurity is rated as more severe than integration challenges, with 50%
viewing it as major or critical. This heightened concern reflects the increasing connectivity

of operational technology (OT) systems and the potential consequences of cyber
incidents in critical infrastructure.

Section 9: Critical Success Factors

9.1 Key Success Drivers
Agreement Rates (% Agree/Strongly Agree):

e Strong Leadership Support: 91.0%

e Clear Strategic Vision: 89.0%

e End-User Involvement: 87.3%

e Adequate Technical Support: 73.9%

Analysis: Leadership support (91.0%) and strategic vision (89.0%) emerge as the most
critical success factors, validating the research document's emphasis on the human factor

in digital transformation. End-user involvement (87.3%) demonstrates the importance of
participatory implementation approaches.

9.2 Technical Support Gap

The lower rating for adequate technical support (73.9%) compared to other success
factors suggests that while organizations recognize its importance, execution remains
challenging. This finding aligns with the insufficient training challenge reported by 60% of
respondents.

Page 21 of 27




Section 10: Overall Assessment

10.1 Overall Benefit Evaluation

92.2% of respondents agree or strongly agree that digital transformation has been
beneficial for their organization, with 44.1% strongly agreeing. Only 2.9% disagree or
strongly disagree, indicating near-universal recognition of digital transformation’s value.

10.2 Recommendation Rate

89.0% would recommend digital transformation initiatives to other organizations in the
industry, demonstrating strong confidence in the approach despite implementation
challenges.

10.3 Satisfaction Distribution
Overall Beneficial:

e Strongly Agree: 44.1%

e Agree: 48.2%

e Neutral: 4.9%

e Disagree: 2.0%

e Strongly Disagree: 0.8%

Section 11: Key Insights and Implications

11.1 Validated Research Findings
The survey data strongly validates the key findings from the research document:
1 Operational Efficiency: Survey confirms 89.0% agreement on improved efficiency
(vs. 92% in research).

2 Safety Enhancement: Survey shows 86.9% agreement (exactly matching 86% in
research).

3 Technology Adoption: Real-time monitoring at 83.7% (close to research's 85%).
4 Automated Drilling: Survey shows 64.1% adoption (close to research's 62%).

11.2 The Human Factor

The survey shows that successful digital transformation depends on human factors:

» Leadership support rated as most critical success factor (91.0%).
« Training gaps identified as major challenge (60.0%).

» Skills enhancement perception high (84.1%), reducing resistance.
* User involvement critical for success (87.3%).
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11.3 Implementation Priorities
Based on survey findings, organizations should prioritize:

e System Integration: Address the #1 challenge (65.7%) through unified platforms.

e Training Programs: Close the adequacy gap (only 55.1% report adequate training).
e Cybersecurity: Address heightened concerns (50% rate as major/critical).

e Change Management: Support the 30% who experience initial resistance.

e Technical Support: Strengthen infrastructure to reach success factor levels.

11.4 Opportunities
The survey reveals significant growth opportunities:

e Digital Twin Technology: At 21.2% adoption, substantial room for growth.

e Al/Machine Learning: At 55.5%, approaching mainstream adoption.

e Data Silo Elimination: At 73.9% agreement, still work to be done.

e Workload Optimization: Opportunity to demonstrate workload reduction benefits.
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9.3. Overview of the Findings

This survey of 245 professionals provides quantitative validation of digital transformation's
positive impact on the well construction sector. The findings demonstrate that digital
technologies are delivering measurable improvements across all key performance
dimensions:

- Operational Excellence: Digital transformation has reduced non-productive time,
improved rate of penetration, and enabled predictive maintenance, with 89% reporting
overall efficiency gains.

- Safety: With 87% agreement on improved safety, digital technologies are enabling
the industry to move from reactive incident response to proactive risk management.

- Collaborative Culture: Digital plattorms have broken down traditional silos, with 88%
reporting faster decision-making and 84% reporting better decision quality.

- Employee Empowerment: Rather than replacing human expertise, digital tools are
enhancing professional capabilities, with 84% agreeing their skills have been
augmented.

- Organizational Transformation: The shift from reactive to proactive operations (84%
agreement) represents a fundamental change in organizational culture and
operational philosophy.

- Implementation Realities: While benefits are clear, organizations face real
challenges in system integration (66%), training (60%), and cybersecurity (56%).
Success requires strong leadership (91%), clear vision (89%), and user involvement
(87%).

Appendix: Survey Methodology

Survey Design: Structured questionnaire based on Technology Acceptance Model (TAM)
and Unified Theory of Acceptance and Use of Technology (UTAUT) frameworks

Sample Size: 245 professionals

Sampling Method: Cross-sectional survey across operating companies, service
providers, contractors, and consulting firms

Data Collection: Electronic survey distribution
Response Scale: 5-point Likert scale (Strongly Disagree to Strongly Agree)

Analysis Methods: Descriptive statistics, frequency distributions, agreement rate
calculation.
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10. Recommendations and Proposals

Based on the findings of this research, the following recommendations and proposals are
put forward to guide the successful implementation of digital transformation in the well
construction sector:

Develop a Strategic Roadmap for Digital Integration: Organizations should create
a clear and comprehensive digital transformation strategy that aligns with their
business objectives. This roadmap should prioritize initiatives based on their potential
impact on safety, efficiency, and cost reduction.

Invest in Unified Data Platforms: To break down data silos and enhance
collaboration, companies must invest in integrated cloud based platforms. These
platforms should ensure seamless data flow and interoperability between different
systems and teams (drilling, geology, completions).

Prioritize the Human Factor through Change Management and Training:
Address the "human factor" by implementing a robust change management program.
This should include comprehensive training to different roles, demonstrating the
benefits of new technologies ("Performance Expectancy”). The focus should be on
the skills of experienced personnel, not replacing them, to mitigate resistance and
foster a digitally workforce.

Adopt a Phased and Agile Implementation Approach: Instead of a "big bang"
rollout, adopt a phased implementation approach. Start with pilot projects to
demonstrate value and gather feedback. This agile methodology allows for iterative
improvements and helps manage the complexities of system integration and data
quality, ensuring that "Facilitating Conditions" are met before scaling up.

Establish a Center of Excellence (CoE) for Digital Drilling: Create a dedicated
Center of Excellence to manage the digital initiatives. This central would be
responsible for identifying and evaluating new technologies, standardizing
processes, defining best practices, and overseeing the implementation of the digital
roadmap across the organization.

Strengthen Cybersecurity Infrastructure and Protocols: As operations become
more digitally integrated, the risk of cyber threats increases. It is critical to proactively
invest in state of the art cybersecurity measures, including network security, data
encryption, and regular security audits, to protect critical operational technology (OT)
and information technology (IT) systems.

Foster a Culture of Data Driven Decision Making: Promote a cultural shift from
traditional, experience based methods to a culture that values data driven insights.
Encourage experimentation and learning from data to continuously optimize
performance and drive innovation across all well construction activities.
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11. Conclusion

This research has provided a comprehensive understanding of the role of digital
transformation in enhancing service delivery within the well construction sector of the oil
and gas industry. The findings from this mixed methods study demonstrate a clear and
positive correlation between the adoption of digital technologies and improvements in key
performance indicators, including operational efficiency, safety, and collaboration. The
qualitative data, drawn from the rich experiences of industry professionals, reveals a
fundamental shift from a reactive to a proactive operational mindset, driven by the
capabilities of real time data analytics, predictive maintenance, and integrated digital
platforms. The quantitative analysis further substantiates these findings, with a significant
majority of survey respondents reporting tangible benefits from the use of digital tools.

In addition, the study highlights the critical importance of the human factor in the digital
transformation journey. While technologies such as Al, machine learning, and automation
are powerful enablers, their successful implementation hinges on user acceptance, which
is strongly influenced by the perceived usefulness of the technology and the availability
of adequate training and support. The study emphasizes the need for a strategic,
approach to digital transformation, one that focuses on augmenting human expertise
rather than replacing it.

While the benefits of digital transformation are clear and distinct, the research also
acknowledges the significant challenges that remain, including data silos, cybersecurity
risks, and the need for a cultural shift towards greater collaboration and data driven
decision making. Overcoming these barriers will require strong leadership, a clear
strategic vision, and a sustained commitment to investment in both technology and
people.

In the end, the digital transformation of the well construction sector is not simply a
technological upgrade; it is a fundamental reshaping of how the industry operates. By
embracing the opportunities presented by digitalization, oil and gas companies can create
a safer, more efficient, and more sustainable future for well construction and, by
extension, for the energy industry as a whole.
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