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A. DRILLBOTICS® GROUP A COMPETITION

Drillbotics® is an international contest for universities to create and produce a small
drilling rig that utilizes sensors and control algorithms to autonomously drill a rock sample
provided by SPE's Drilling Systems Automation Technical Section (DSATS). Further, this year
marks the eighth competition for the title of Drillbotics® champion and a chance for students to
comprehend the drilling operation from industry experts and for winning team(s) to travel and
present a paper at the next SPE/IADC Drilling Conference and an event organized by DSATS.
The past years' involved undergraduates, masters, and doctoral students from various disciplines
who built innovative drilling machines and downhole tools while developing a deeper
understanding of automating the drilling process. Recently, this was extended to include teams
who created models of the rig, the drilling process, and various downhole interactions. Another
addition for this year's competition is to have Human Factors in the entire drilling automation

process.

C. OBJECTIVES FOR THE 2021 COMPETITION

A team of students will organize themselves to solve a drilling-related problem, preferably
be a multi-disciplinary team that will bring unique skills to the group to allow them to design and
construct hardware, software, and models to illustrate that they comprehend the underlying
physics, the drilling issues and the usual means to mitigate the problems. Further, the team needs
to understand drilling dysfunctions and mitigation strategies. Still, they must also have the
mechanical engineering and controls capabilities to model, design the rig/drilling package and
develop the controls system. Teams also should deliver novel ideas leading to new drilling models,
improved drilling machines and sensors, and the ability to integrate the data, models, and machines
that will hopefully create new, more efficient ways to drill wells in the future.

B. COMPETITION OVERVIEW: GROUP A
e The challenge needs teams to develop a full-scale drilling system model to virtually drill a
directional well following a given trajectory, including its corresponding control scheme.
e The teams will design a control system that will virtually control the full-scale drilling
system model to test and demonstrate the automated system. The teams should incorporate

virtual downhole and surface sensors in their automation and controls scheme.



e Addded a new section to include Human process in the drilling automation process.

1. INTRODUCTION

Progress in technologies utilized for drilling operations has enabled the oil and gas industry
to discover new sources of hydrocarbon-bearing reservoirs to meet the rising global energy
demand. In recent years, drilling operation for hydrocarbons has seen significant technological
progress to provide safe, environmentally friendly, and cost-effective well construction with
improved performance, and these technological developments in the drilling field were aligned
with three (3) primary factors, namely, safety, minimum, and usable hole (Teodoriu & Bello,
2021). Horizontal drilling, multilateral drilling extended reach drilling (ERD), complex path
drilling, casing drilling technology, positive displacement motor technology, and laser technology
are some of the early advancements in drilling technology (Menand, 2019; Aadngy 2016; Buntoro,
2008; Ma et al., 2016).

Presently, the challenge in the field of drilling is to reach farther targets quickly and
efficiently. It is also vital to lessen the cost of the drilling operation and enhance operating
capability while obeying health, safety, and environmental regulations. Furthermore, Chmela et al.
(2020) revealed other technical challenges concerning drilling operations. The oil and gas industry
consumed billions of dollars in drilling costs, missed production potential, and increased lifting
costs due to incompatible directional drilling enforcement due to the increasing drilling complexity
and problems such as pipe sticking, lost circulation, hole deviation, borehole instability, formation
damage, equipment, and personnel-related issues, etc. (Chmela et al., 2020). Additionally, some
directional drillers fail to adequately compensate for multiple variables seen while drilling and
perform at a high level.

As a result, the oil and gas industry is continuously scrutinizing novel approaches in
addressing imminent challenges in the entire drilling operation, especially in drilling a directional
well. There is also an aspiration to enhance cost efficiency. In addition, considering the evolution
in drilling technologies progressed for the past years for both onshore and offshore development,
the Drilling Systems Automation Technical Section (DSATS) of the Society of Petroleum
Engineers (SPE) was the first to accept the challenge because of the upsurge in the world's energy
needs by tapping into hydrocarbons cannot be sustained without operational drilling systems.



Over the past decade, breakthroughs in digital technology have rewarded the drilling
industry with a step-change in productivity and efficiency (Goodkey et al., 2020). Digital
Technology innovation involves drilling automation, which has remained the leading trend despite
the market recessions and significant hurdles in the oil and gas industry in the past recent years
(Weatherl, 2021). The trend of automation, as well as other dominant 4.0 technologies such as
artificial intelligence, the Internet of Things (IoT), 3D printing, Big Data, Cloud technology, and
Digital Twin technology, has demonstrated the viability of unlocking business values to improve
operations while maintaining customer satisfaction for real-world drilling processes. Autonomous
Direg5bctional Drilling (ADD) is promptly a high focus field for automated drilling operations in
the oil and gas industry (Akita et al., 2020). ADD is currently placed to acknowledge the call to
change well construction operations through the recent digital innovations (Akkaoui, 2021).
Despite the long progress of the creation of ADD, the potential impact and application of drilling
automation are immense since 93% of the active rigs in the US are drilling directional or horizontal
wells that can shift from traditional drilling methods to automated drilling systems.

Moreover, today's challenge is to include and consider the effect of human factors during
drilling automation. Human Factors (HF) have emerged as a distinctive and independent discipline
with specialization like human interactions (Karwowski & Zhang, 2021). The Health and Safety
Executive (2021) defined human factors as environmental, organizational, and occupational
elements, along with human and individual factors, which affect health and safety with the
influence of behavior. Human factors have several denominations and labels, such as ergonomics,
human-computer interaction, or, newly, human-machine interaction. Regardless of the
terminologies, Human factors center on the human-machine system, where the roles of the man
and the machine are interrelated and essential. In connection, Endsley (1999) exposed that the most
efficient level of automation was that which had a combination of both computer processing and
human decision even when compared to the fully autonomous system. This implies that it is easy
for the oil and gas industry to understand the risks and relevant approaches in allowing humans
and machines to operate safely and efficiently, maintain appropriate automation levels, and ensure
that the projected drilling operator remains in the loop throughout the automated operations.

To a great extent, the drive concerning novel efficiencies and notable advancements in
well-construction performance has intensified. Recognition of the continuous breakthroughs in

automation and well construction innovation will be the principal key to unlocking contemporary



prospects in our ever-changing environment. Technological advancements will be crucial in
addressing global energy demand because they allow for the discovery of new resources, access
to extreme or isolated places, and the development of complex reservoirs that were previously
uneconomic to produce. However, human factors are barely mentioned in the Institution of
Occupational Safety and Health (IOSH) diploma and are seldom, if ever, discussed in engineering
programs, especially in drilling. Competent awareness and understanding of the core concepts of
human-related factors among people dealing with human errors regularly, particularly in the
drilling operation sector, where some of the recent catastrophic events have transpired, has been
and continues to be inadequate in the present time. One of the primary contributing reasons is the
lack of integration of human factors and non-technical skills into drilling automation at all levels,
from planning and design to actual operations. It is acknowledged that there are currently no
industry-wide criteria for assessing non-technical skills in the drilling sector. Understanding the
determinants that affect human performance is critical to minimizing error and improving safety;
thus, today's barriers can be addressed by integrating the human factor in development and
operation holistic, integrated, and systematic. With these concerns, this study has determined a
timely and often unnoticed real-world problem in the oil and gas drilling sector involving human
factors in drilling automation that are still lacking nowadays. Addressing this matter of human
factors and technological advancements like drilling automation will be vital in addressing global
energy demand because they allow the discovery of new resources, access to extreme or isolated
places, and the development of complex reservoirs that were previously uneconomic to produce
in line with the process and workplace safety. The oil and gas drilling industry is now embarking

on this path.

2. LITERATURE REVIEW
2.1 AUTOMATED DRILLING OPERATIONS

Drilling industries are under more pressure than ever before in enhancing drilling
performance. Drillers, the ones who are responsible for making these operations possible, are in
charge of handling complicated data streams, extracting value from that data, and managing tasks
that require constant attention during ongoing operations. Because of the diverse talents necessary
to do these duties, the quality of the process can vary significantly between fleets, depending on

the drillers' expertise, equipment, and a variety of other factors (Jackson et al., 2020).



Alnabhani (2018) claimed that the 19th century recorded the genesis of well-drilling
operations. By tapping new potential sources of hydrocarbon-bearing reservoirs, the industry has
also tapped and opened the doors of the adverse side of drilling operations. Detrimental impacts
such as drilling operations which entail a multitude of sophisticated and hazardous operations have
the potential to harm people, property, and the environment. Additionally, fatal accidents, serious
injury, asset loss, and environmental damage are hazards associated with the drilling operations
and adversely affect the industry's reputation.

On the brighter side, the oil and gas industry has expanded and is still developing its
innovations and making operations more efficient and safe from different aspects, specifically in
drilling. As per Nkanza and Ding (2018), drilling rig safety and efficiency have improved because
of advancements in automation technology and its implementation in drilling rigs.

Further, automation provides operators with machine equipment to assist them with
controlling and replacing the workforce, which decreases the dependency on human sensory and
mental requirements. Jacobs (2015) mentioned that automation drilling had kept a significant role
and improvements toward drilling performance for several years. Factors that automation of
drilling remains substantial in the shortcoming of equipment's capabilities that will cause efficient
work and bring out primary departure drilling operations and the industry. Additionally, according
to Devasia (2020), automated drilling minimizes human intervention. A combination of control
systems and information technology tools is used to deploy automated drilling. The widespread
use of automated drilling may be seen in CNC machines (Computer Numerical Control).

Jacobs (2015) cited that some analysts predict a generation of rigs that will be mostly
automated. Others believe that in the near future, rigs will be controlled remotely by drillers,
geologists, and engineers working in office buildings and on multiple wells at the same time, rather
than in the field. In light of automation, drilling is viewed as a game-changer and thus a competitive
differentiator. Furthermore, it only proved that the introduction and development of new
technology had enabled the automation of previously manually operated well control functions.
However, new ways of controlling drilling operations and a lack of knowledge of the technology
may present new dangers and potentially disastrous situations (Grebstad, L., 2014). While
integrating a higher level of automation may improve performance, it also raises new safety
concerns that must be addressed to maintain efficient and safe operating conditions. Hard-learned

lessons from other industries, such as aviation, have indicated that implementing autonomous



functions intended to decrease risk and boost effectiveness has had the opposite impact in some
circumstances (Thorogood et al., 2010). Thus, automation has undeniably been linked to
unanticipated errors, and various accident investigations have also connected the employment of
automation systems to the causes of catastrophic accidents.

Human factors such as non-technical skills should not be neglected. Even though critical
stakeholders' goals are established from a management standpoint in the office, they must
correspond with operational plans on the drilling rig. Because as one of the most strategic and
critical industries worldwide, drilling operations have also significantly progressed their potential
to induce catastrophic accidents. Minyaeva (2015) supported these by stating that production
towards automation is not expected to have several challenges for high cost, and the automation
can address HSE requirements. This is the main reason why challenges persist, even if it is standard
equipment and poor software interoperability. This technological advancement is also the
reinforcement for the need for certain upgrades. Hence, this only suggests that our industry needs

technologies that improve safety, optimize operations, and reduce associated shortcomings.

2.2 HUMAN-MACHINE INTERACTION

Human-machine interaction by Ke et al. (2018) stated that the communication and
interaction between a human and a machine via user interface are referred to as human-machine
interaction. Natural user interfaces, including gestures, are gaining popularity because they enable
humans to manage machines through natural and intuitive behaviors. For example, a sensor such
as Microsoft Kinect is used to capture human postures and motions, then processed to control a
machine in gesture-based. Essentially, understanding the relationship between the human operator,
the automation system, and any automated processes being run is required for optimal use of
automation systems. When automated procedures take activities that the human operator does not
want, time is lost while the routine is paused and human control is re-engaged.

Further, Grebstad (2014) determined how human-machine interaction may affect the risk
of well control accidents by influencing human performance, focusing on human errors. The author
examined the change in the automation mode during a well control incident and recommended a
future automation method from a human factor standpoint. In connection, Gressgard et al. (2013)
described how humans and machines interact in drilling automation, including simulator tests as

the use of automated systems and the handling of numerous issues during the development process.



They also emphasized that organizational elements should be stressed in technology development
and implementation since offshore drilling takes place in a unique work environment.
Comprehending how machine designers potentially generate latent failures requires a
crucial understanding of how technological advancements impact human cognition and action.
This enabled the researchers to refer to and incorporate the mentioned concepts into this study to
determine how humans and machines work together in the operational drilling process. In addition,
taking note of the relationship between the human operator, the automation system, and any

automated processes running is required for optimal use of automation systems.

2.3 HUMAN FACTORS AND NON-TECHNICAL SKILL

Aside from the technical dilemma and negligence to safety policies and procedures, there
is no formal handover of shifts and failure of the permit to work system due to lack of
communication between the chief control room operator and engineers. As a response, there is
also a need to include measures for leadership, enhanced situational awareness, decision-making,
and other non-technical skills for the offshore drilling crew to mitigate such catastrophic accidents
(Kiran et al., 2019). Implying the said concepts, another challenge for this year is raised by the
Drilling Systems Automation Technical Section (DSATS) in the Drillbotics. This international
competition aims to include and consider the effect and relationship of human factors during
drilling automation since human factors are identified as the significant contributor to oil and gas
drilling and other operation-related accidents.

Accordingly, an article by Nazaruk & Thorogood (2015) cited that the human factor is a
broad technical subject aimed to improve people's performance in complex organizations where
individuals interact with equipment and processes through time and across hierarchical levels.
Despite this rather precise definition, human factors are still poorly understood, and the full
potential of practical insights and actions has yet to be realized. It is a prevalent fallacy that human-
factor skills are only for frontline workers and that once adequately taught, their behavior will
alter, and their performance will increase. The author also suggests that strategy is based on the
incorrect assumption that frontline operator behavior and complacency are the sources of all
problems (Nazaruk & Thorogood, 2015). Thus, human factors are considered a challenge for the
entire industry, and it goes beyond simply understanding how the human brain works or quick

fixes like crew resource management training.



Non-technical skills, cognitive bias, weak signals, chronic uneasiness, and socio-technical
systems under the influence of automation are all based on psychological principles. Another
related literature by Thorogood et al. (2015) viewed how human factors are recognized in ordinary
drilling operations and how biases affect decision-making. This literature indicates some practical
applications of human factors methodologies and ways to train and assess non-technical skills
currently in use. These methodologies should include human factors operationalization and the
influence of new technology introduction, non-technical skill training and assessment, and human
factors are included in the drilling process.

A great focus of investigation has been conducted on the functionality of automation
systems from human-computer interaction. As a result of human factors research, essential
relationships between technological aspects and the risk of human error have been identified. Yet,
from a safety standpoint, automation system development, implementation, and usage necessitate
a comprehensive strategy Gressgard et al. (2013). Roberts et al. (2015) emphasized the insufficient
recognition given to human factors and non-technical skills, such as poor situational awareness
and communication, were indicated as contributing factors to the blowouts and resulting in
detrimental outcomes. Additionally, any complex engineered system that relies on human
operators to achieve its goal is likely to experience issues. Due to the fact that humans are
inconsistent when performing monitoring tasks, they tend not to make wholly rational decisions,
are impacted by external factors, and are prone to error. As technology advances and complexity
increases, such issues become more prevalent. Nonetheless, the value of human-factors skills
among other sectors is proved to be undervalued.

There will probably be flops and dropouts as the drilling sector embarks on this path into
human factors. Well-formulated ideas from other industries may not transcribe well, and cutting-
edge university research may require a considerable investment before implementation. In any
case, what truly matters is there is significant progress. Hence, human-factor principles must be

integrated throughout a company and its operational activities to be fully functional.

2.4 THE SIX CORE NON-TECHNICAL SKILL: A CRITICAL ELEMENT TO TAKE
DRILLING SAFETY TO NEXT LEVEL
Working in today's oil and gas sector is challenging due to a sharpened focus on cost and

increased demands for uptime. Society has unconsciously become intolerant to major accidents



demanding heightened requirements for safety. This calls for a practical, holistic risk management
approach where preventing major accidents is critical.

Hsieh's (2014) article enumerated the six core non-technical skills within the realm of
human factors: decision-making, communication, teamwork, leadership, situation awareness, and
performance-influencing factors. The sixth one, often known as personal resources, is concerned
with coping with stress and tiredness. Although the drilling business has spent a significant amount
of money on technical training, it has not given nearly enough attention to non-technical skills. As
Hsieh (2014) suggests, human factors are concerned with ensuring safe and efficient operations by
maximizing human performance in daily operations and the event of significant accident risk. It is
acknowledged that there are currently no industry-wide criteria for assessing non-technical skills
in the drilling sector. Furthermore, Hsieh (2014) emphasized that such standards would be difficult
to establish simply because qualities like communication and teamwork are challenging to
quantify. This being discussed justifies this study's novelty in developing a model that is in line
with the oil and gas industry while performing drilling automation in enhancing process and
workplace safety through the aid of human factors and non-technical skills.

Statistics showed that the most catastrophic incidents might be linked back to human error
in some form. Understanding the determinants that affect human performance is critical to
minimizing error and improving safety. Today's barriers can be addressed by integrating the human

factor in development and operation holistic, integrated, and systematic.

2.5 KEY NTS CATEGORIES FROM THE LITERATURE

When things go wrong in high-risk, safety-critical organizations such as aviation, nuclear
power, maritime, and oil and gas, there can be severe consequences, whether that is loss of life or
negative environmental impacts, reputations of companies involved in such incidents can be
irreversibly damaged. Over the past few years, there have been notable advancements in the
engineering systems and processes within organizations across all industries, offering more
protection and reliability but consequently highlighting the human contribution to accidents.
Analyses in several domains have suggested that approximately 80% of accidents can be
attributable to a human contribution of some sort.

Moffat & Crichton (2015) claimed that human-factor-related accidents are not constrained

to the aviation industry. For example, the 1988 loss of the Piper Alpha oil platform resulted in 167



deaths and was attributed to poor communication all through shift handover, compounded by
leadership failures in emergency response. Although, not until 1992, the necessity of NTS training
was recognized in the oil and gas industry, and training for offshore control room operator
competence evaluations and emergency response training was initially merged into a four-day
course. Communication, decision-making, stress, and assertiveness were the key topics of the
system. They also emphasized that NTS training and assessment in the oil and gas industry is still
in its early stages.

According to the findings, workers should be informed of NTS components during their
toolbox talk. Some oil and gas companies have already embraced this method, including one-page
laminated versions of the specific training material in the 'toolbox talk' at the outset of any drilling
session. The important NTS topics are expected to be presented in this fashion to remind learners
of their importance. Still, for this to work, NTS training courses would need to be mandated for
the industry and attended by all roles (Moffat and Crichton, 2015). The article suggests that the
critical NTS topics are expected to be presented to remind learners and workers of their
importance. Still, for this to work, NTS training courses would need to be mandated for the
industry and attended by all roles. Thus, if this has shown to be a highly effective strategy in the

aviation business, there is no basis for why the oil and gas industry cannot follow suit.

3. SYSTEM AND MATHEMATICAL MODELS: PLAN AND DESIGN
3.1 HUMAN FACTOR AND NON-TECHNICAL SKILL MODEL DESIGN

According to Human Factors and Ergonomics Society, HF investigates how individuals
utilize technology, which encompasses human abilities, expectations, and limitations, with work
environments and system design. The team identified the human factors involved in the drilling
automation: the lack of non-technical skills. Hence, for this year's Drillbotics competition, the team
developed a HF-NTS (Human Factor and Non-technical Skill) model shown in the figure below
including the six core non-technical skill and the directional drillers.

The design involves two (2) directional drillers: senior and junior. Each directional drillers
have a corresponding role. The corresponding role assigned for the junior directional driller is the
overall drilling automation operation operator with a monitoring task. On the other hand, the senior
directional driller is the one who supervises, guides, and gives information (such as drilling

problems, commands, etc.) concerning the drilling operation process.



This model will be further integrated with the other system designs and models to devise
appropriate approaches in allowing efficient and safe human-machine tandem. In addition, the
purpose of the human factor is to enhance the "team process" of the operators allowing humans

and machines to work together safely during the drilling automation operation.

Human Factor

Non-technical Skill (NTS) =

Decision-Making (DM)

Communication (C)

Teamwork (T)

Leadership (L)

Situation-Awareness
(84)

Performance-Influencing
Factors (PIF)

Figure 1. Human Factor and Non-Technical Skill (HF-NTS) Model

1. Decision-Making (DM), covers the skills for diagnosing the situation and reaching a judgment
to choose an appropriate course of action.

2. Communication (C), includes skills for the exchange (transmission and reception) of
information, ideas and feelings, by verbal (spoken, written) or non-verbal methods.

3. Teamwork (T), focuses on skills for working in a group, in any role, to ensure joint task
completion; these include coordination, cooperation, and conflict resolution.

4. Leadership (L), includes the skills for directing, managing, and supporting a team to accomplish

tasks for set targets.



5. Situation Awareness (SA), defined as developing and maintaining a dynamic awareness of the
situation and the risks present during a drilling automation operation, based on collecting
information from multiple sources from the task environment, comprehending what the
information means, and using it to think ahead about what may happen next.

6. Performance-Influencing Factors (PIF), primarily deal with how people manage stress and

fatigue and how they can affect task performance.

3.2 RIG SYSTEM DESIGN
A drilling rig is a machine utilized to drill a wellbore that could reach thousands of feet in
depth while maintaining all the formation pressures that the drill pipe passes through and carrying
the rock cuttings to the surface. In an oil well rig, the following components includes Power
System, Hoisting, Circulating, Rotary, Well Control, and Well Monitoring System.
3.2.1 HOISTING SYSTEM
The system's primary function is to carry and move the equipment that executes the drilling
task. This equipment consists of the drill pipe and bottom hole assembly, including the drill bit. It
is also responsible for carrying and handling the casing (the metal isolation mechanism that seals
the formation inside the wellbore). This system has the following sub components:
e Drawworks
e Drilling line (fast and deadline)
e Crown block
e Travelling block, hook, and derrick
The draw works are a wheel leveled at the rig floor with the drilling line wrapped around
and extended to the crown block (fast line). The crown block is a stationary pully that the drilling
line attaches to and is located at the top of the tower-like structure (the derrick). The line coming
out of the crown block is wrapped around a moving pully known as travelling block and then back
to the crown block and tied to the rig floor (dead line). The hook is attached to the travelling block
that carries the drilling pipe and the entire drilling assembly that moves up and down during the
drilling operation. Several supporting systems are also necessary to carry a safe and structured
process.
3.2.2 CIRCULATING SYSTEM



The system's primary function is to pump the drilling fluid down in the drilling string back
to the surface through the annulus. The purpose is to carry the rock cutting back to the surface,
lubricate the bit and cool the system down. It consists of mud pits, pumps, standpipe, and hose.
The drilling fluid with its desired properties is mixed in the pit and pumped to the stand pipe
through the hose, drill pipe, bit, and back to the annulus.

3.2.3 ROTARY SYSTEM

The rotary system is the system that causes the drill bit to revolve at the bottom of the
wellbore on a drilling rig and includes all of the equipment used to achieve bit rotation shown in
the figure below. The role of the rotary system is to disseminate rotation to the drill string and
consequently rotate the bit, which in turn digs the hole deeper and deeper into the ground.

Furthermore, there are two types of systems utilized to accomplish this rotation: the Top
Drive and Kelly Rotary Table. However, modern rigs use a top drive to substitute the kelly, kelly
bushings, and rotary table. Hence, the team selected top drive system which desirable in the current

time by the drilling companies.

Figure 2. Rotary system (China-OGPE, 2013)



3.2.2.1 TOP DRIVE SYSTEM

A top drive provides clockwise torque to the drill string and consequently the drill bit to
facilitate drilling a borehole. The top drive system replaces the functions of a rotary table, allowing
the drill string to rotate from the top. A top drive comprises one or more electric or hydraulic
motors attached to the drill string through a short section of pipe known as the quill. Suspended
from a hook below the traveling block, the top drive can move up and down the derrick.

One of the numerous vital advantages of utilizing a top drive is drilling with stands,
typically eliminating two-thirds of all connections. This saves time and lowers the likelihood of
downhole issues.

Other benefits of drilling with a top drive include (Mller, 2015):

e In directional drilling, maintaining the orientation at intervals of 90 feet, reducing the
monitoring time (survey time) improved directional control.

e Reduce the risk of entanglement of the string for their ability to rotate and move
simultaneously.

e Improved well control since stabbing is instant, and the well can be shut in at any position
in the derrick. Increased safety due to one backup tong being required and fewer pipe
connections.

e Easily installed on any mast or derrick, with minimal changes and often within a single day.

e “Improving safety in the handling of the pipe.” All operations are performed remotely from
the driller’s cabin, reducing manual tasks and risks traditionally accompanying the job.

e Perform core taken at intervals of 90 feet without having to make connections.

In the General Energy Consumption Concepts, Muller (2015) illustrated the energy flowing

in a rig equipment shown in the figure below.

Motor ‘ Losses Overall Losses

Gears,
Electrical transmission,

Electrical Power I - Motor bearings, etc.

VFD

VFD Losses

Mechanical Power

Equipment

Figure 3. Energy Flowing in a Rig Equipment (Muller, 2015)



From the figure above, it is apparent to determine the equipment's electrical power required
(Power Input). It is necessary first to calculate the equipment's power output (e.g., mechanical and
hydraulic power) and the system's losses (e.g., motor losses, overall losses, and VFD losses).

Assuming the rig uses an electrical top drive, the team generated a design model below

depicting how energy flows in the top drive with its formula and parameters, adopted from Muller

(2015).
Motof Losses Overall ﬁmsses

Gears,

VFD ‘Losses Electrical | transmission, o
= . Drill string
Electrical Power - Motor bearings, etc. Mechanical Power Mechanics

| Design

VFD
Electrical Top Drive
Ps TOP DRIVE SYSTEM Pm
Figure 3.4 Top Drive Rotary System: Input and Output
Table 1. Top Drive System Formula
Formula Nomenclature Unit Note

Pm=Top drive power output hp
N (controlled

Rotational speed of the drill string

2nNT N = rpm variable), and
P, = (surface) i
33,00 Pm (operating
Torque because of the mechanical . o
(Eq. 1) signal), which is
T = power from the top drive system ft*Ibf

a fraction of Ps
(surface)

3.3 MATHEMATICAL MODELS
3.3.1 DRILLSTRING MECHANICS
3.3.1.1 BUCKLING
Buckling is one of the challenges that come with drilling a deviated well. It causes the pipe

or tubing to lose some of its strength and mechanical properties due to the extreme weight or torque



applied on the drilling bit. Generally, most drilling operations are capital intensive. Hence, this
calls for the consideration of any buckling tendency that may occur due to all activities during the
design stage.

The first to work on the behavior of pipe buckling were Lubinski et al. in 1950, who derived
the first set of equations for perfect vertical wellbores without friction. However, the validity of
their derived solution for deviated wells was questioned due to the presence of lateral gravity
forces. As a result, Oriji & Anwana (2017) designed a computer model to investigate the critical
buckling load limit in vertical and deviated wellbores from existing measured data. Figure 1 shows

the flow of processes that provides a path for the computation and analysis of tubing buckling.

Input data

Y

Compute well parameters

(We, Fb, Fp, rc, I)

v

Is Fb<Fp?
Yes No
No buckling Buckling occurs

G-

Figure 5. Flowchart for the buckling analysis



The fictitious force or the buckling force (F;) and the minimum critical buckling load that
initiates sinusoidal or lateral buckling known as the Paslay force (F,) must be determined for
deviated wells. Buckling would typically occur when the threshold force is lesser than the buckling

thrust. Equation (1) shows the computation for the buckling force.

Fb = —Fa + PiAi - POAO (Eq 2)

where,

P; = Fluid internal pressure within the pipe, psi
F, = Axial force, lbf

P, = External fluid pressure, psi

A; = Pipe inernal flow area, in?

A, = Pipe external flow area, in?

The buoyed weight of the tubing per unit length in a wellbore can be calculated using either
of the equations (2) or (5):

We =Ws+W; =W, (Eqg.3)
where,

Aj
Wi=MVViXE (Eq. 4)
W, = MW, X 22 (Eq. 5)

231

W, = Weight of the steel or pipe per unit length, Ibf /ft

Or

W, = W, + 0.0408[MW; X D? — MW, X DZ] (Eq. 6)

where,

MW; = Initial mud weight inside the tubing, lbm/gal



MW, = Final mud weight outside the tubing, lbm/gal
W; = Fluid weight inside the pipe per unit lenght, Lbf /in
W, = Fluid weight outside the pipe per unit length, lbf /in

Equation (6) shows the calculation for the axial moment of inertia in in*.

I ==[D; - D{] (Eq. 7)

The young modulus of steel (E) was given as 30x10° psi.

Moreover, the radial distance between the constraining pipe and the wellbore well (7.) was

computed using equation (7).

N |-

7. = >[0DyoLe — ODrypinG] (Eg. 8)

The Dawson and Paslay minimum force criterion required to initiate buckling was used

with the formula:

EIW,sin @

E, =2 - (Eq. 9)
where,

E, = Paslay buckling force,lbf

E = Young's modulus

The Buckling Criteria
Table 1 outlines the criteria showing the different buckling force magnitudes and their
corresponding results.
Table 2. Buckling Criteria (Oriji & Anwana, 2017)

Buckling Force Magnitude
Results




F, <E, No buckling

E, < F, < 1.828F, Lateral Buckling
1.828F, < F}, < 2.828F, Transition between lateral or helical buckling
2.828F, < F, Helical buckling

3.3.1.2 STICK-SLIP

Vibrations are considered one of the most persistent performance limiters, even when these
are low enough not to cause any damage to downhole tools and equipment (Ertas et al., 2014).
These vibrations can adversely affect 40% of drilled depth per year but, when minimized, can
significantly improve ROP (Hegde, Millwater, & Gray, 2019).

The stick-slip index (SSI) is the commonly employed metric to measure the effects of
torsional vibrations (Hegde, Millwater, & Gray, 2019). Equation (10) shows the computation for

SSI using downhole measurement tools.

Max( bit RPM )—Min( bit RPM )

SSI'= Average (bit RPM)

(Eq. 10)

An SSlI value of greater than one can be classified as high. If it is less than one, it could be
classified as low. A threshold value of 1 was set as it represents the bit as stationary and not
rotating. Studies show that keeping the SSI below a threshold value of 1 is necessary to mitigate
any drilling dysfunction (Hegde, Millwater, & Gray, 2019).

3.3.1.3 TORQUE AND DRAG

Torque and drag (T&D) can become the factors in extending limiting the overall reach or
the horizontal length of a well (Ruiz, 2015). Several downhole conditions may generate excessive
T&D such as differential sticking (stick-slip), key seats, swelling/collapsing shale or clay
(wellbore stability), build-up of cutting, sliding friction, and under-gauge hole (Drilling Manual,
2021). As explained by Romero (2018), friction and side forces are the two sources of T&D. Drill
string motion creates the friction, and the forces that exist between the wellbore wall and any



segment of the drill string are known as side forces. Normal forces generated by the drill string on
the wellbore walls are also considered side forces.

Torque is a moment due to the rotational forces between the formation and the drill string
(including the drill bit). This moment should be exceeded by the input from the top drive to rotate
the drill string (Drilling Manual, 2021; Romero, 2018).

Drag, on the other hand, is caused by the axial forces generated by the contact between the
formation or the casing and the drill string as it moves during tripping (sliding) operations
(Romero, 2018).

Excessive torque and drag can pose issues on the drilling and completion process of
deviated wells, especially on horizontal sections of extended-reach wells (Ruiz, 2015). For this
reason, T&D calculations are required for drilling operations.

Aadnoy et al. (2010) presented a T&D model for the application of oil and gas wells. It
provides a simple explicit method to calculate the frictional forces that are applied to all well bore-
shapes such as vertical and straight sections, build-and-hold, S-shaped, continuous build, or a
combination of these. The model assumes a soft string model. Drilling practices have been
successfully using calculations assuming a soft string model (Samuel & Huang, 2020). In the soft
string model, the drill string is simplified as a soft rope that the bending stiffness is negligible.

Torque and drag calculations for the entirety of the well are separated into two sets of

equations: straight inclined wellbore section and curved wellbore sections.

Table 2. Formulae for T&D calculations (Aadnoy et al., 2010)

Straight Sections Curved Sections

Torque T = urfwALsina T = urN = urF,|6, — 0,

) 110,64 sina, — sin a;
F, = F; + BALw{cosa + usina} F, = Fje**%27%l 4+ BALw p——
2 W
Drag o o o o
where (+) indicates hoisting; where (+) indicates hoisting;

(-) indicates lowering (-) indicates lowering

where: F = force in string

L = pipe length



N =normal force

r = pipe/connection radius

T = torque in string

w = unit pipe weight

a = wellbore inclination

B = buoyancy force

6 = absolute change in direction

u = coefficient of friction

3.3.1.4 DRILLING MUD

In an oil and gas well drilling operations, drilling fluids, often referred as drilling mud, are
pumped through the tubular pipe for various reasons (Williamson, 2013; PetroWiki, 2015):

e to cool and lubricate the drill string and the drill bit;

e to transmit hydraulic power to the bottom-hole tools and bit;

e to remove cutting from the wellbore;

e to provide data about the downhole condition;

e to minimize formation damage; and

e (perhaps the most important) to maintain wellbore stability and well control

The pressure exerted by the mud during well drilling should be kept within a range, known
as the “operating window”, that guarantees wellbore stability while avoiding formation damage
(Podryabinkin et al., 2013).

Joshi et al. (2021) introduced a method of analysis of the flow of drilling mud in a wellbore
annulus while drilling. The model utilized a finite volume approach in which there is an annular
flow of drilling fluid in which the drill string, or the inner pipe, is in rotational motion while the
casing or the well, or the outer pipe is stationary. Figure below showed the geometry that is used

in the computational fluid dynamics.
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Figure 6. Computational Geometry used in Analysis
Several governing physical expressions were used in the study:

Mass Conversion Equation:

L4V (pU) =0 (Eq. 11)
which can be simplified as equation () for incompressible fluid flow:

V-(p) =0 (Eq. 12)

Momentum Conservation Equation:

p|o+ (i W] = —Vp + V-7 +pf (Eq. 13)

For the viscosity variation, Casson model was utilized
0.5
v = [ /TO/), + \/ﬁl (Eq. 14)

3.3.2BOTTOM-HOLE ASSEMBLY (BHA) MODEL

3.3.2.1 ROTARY STEERABLE SYSTEM

Drilling in a specific direction is a standard and essential method in large-scale extended-
reach operations. The percentage of recoverable oil production has increased as directional drilling
techniques have progressed. Unfortunately, constraints such as real-time bit steering, directional
drilling tool selection and control are major barriers that result in limited drilling performance and

a substantial amount of nonproductive time.



The current directional drilling technologies to enter the industry are Rotary Steerable
Systems (RSS), they maximize on the advantages of traditional directional technologies by
rendering superior drilling in a specific direction is a standard and essential method in large-scale
extended-reach operations. The rotary steerable system is the primary component in the PUB
methodology for creating a well deviation (Schaaf et al., 2007; Warren, 2006). The tool employs
side forces through pads against the borehole wall to execute operations ranging from simple
gravity-based to more complex internal driveshafts of the BHA. Automatic drilling methods are
also used by some RSS, wherein a well path is mechanically directed using a programmed closed-
loop control system (Ruszka 2003; Hansen et al. 2020).

In comparison to mud motor systems, the RSS has proven to be more stable, less prone to
sticking, aids hole cleaning, and improved rate of penetration (ROP) in recent years (Hossain &
Al-Mejed , 2015; Stump, 2019). The RSS provides directional drilling control while enabling the

drill string to maintain rotation.

e Bit Force
The total bit force (Fuit) depicts the interaction of applied and response forces on the bit.
Here Fuit is derived using beam bending logic in this case. The goal is to simulate how the actuator
distributes force to the bit and how the natural displacement of the RSS tool bending induced by
the well's curve influences the bit force. Consequently, the whole bit force is divided into two
parts:
Fpie = Fo + Fy (Eq. 15)

Fo is the force generated by the RSS actuator, while is the force generated by natural
displacement induced by the RSS bending. The force Fn is determined by the shape of the wellbore
and the natural displacement (Hn). The natural displacement (Hy), denotes how far the device has
been bent down the well path due to the formation of the well channel curvature. The offset
displacement (Ho), which indicates the function of the offset controller, is primarily responsible
for controlling the force Fo. In principle, the force Fu/Fo is affected by the RSS tools'
displacement, Hn/Ho, and bending features. It can be written as a general nonlinear function f (-)
or

Fyoy = f(Hgn(o), bending properties) (Eq. 16)



To determine Fn and Fo, a beam bending analysis is performed in order to get an explicit
mathematical correlation of equation (2). The behavior of a bar/pipe in terms of material, shape,
and length is described in the beam bending scenarios based on the loads and the contact point of
these loads, which accurately depicts the reality of RSS operations employing this specific tool.
The actuator and the curvature formation are responsible for generating forces on the beam.

Upper
Stabilizer

Wa
[ Offset/Actuator !
| a | b |
[
P

a+b=I

Figure 7. Beam Bending Analysis
Figure 7 depicts the beam bending condition, which adequately explains the
implementation and transmission of forces from the RSS body to the bit. The stabilizer, offset,
and bit are the contact points on the beam bending diagram (Oberg et al., 2004). In most

circumstances, the force W induces the deflection at load (H) to be expressed as

Wa?b?
H= 3‘;” (Eq. 17)

where a is the distance between the drill bit and the actuator location, b is the distance
between the actuator location and the upper stabilizer, E is the elasticity modulus, 1 signifies the
inertia, and | = a+b is the length of the beam.

From equation (3), back-calculating the force on the bit F is expressed as

_ Wb _ g HE
po Yo gt (Eq. 18)



Hence, since the forces Fx and Fo, once Hn and Ho are identified, equation (4) states that

they could be solved as

HNEI

Fy = 3752 JF, = 322

a?b

(Eq. 19)

Calculating Hn and Ho might be distinct for different RSS.

Considering F;, for the inclination and F}%, for the azimuth, the bit force is now evaluated
in reference to the azimuth and inclination. The force that determines the azimuth is therefore
represented as:

Ff, = F3+ F§ (Eq. 20)

and the force generating the inclination is expressed as

Fyie = Fiy + F§ (Eq. 21)

- Indicate the forces F% and F}

HnEI HLEI
F7 =3 > , F. =3 3 (Eq. 22)
3D - FoIIowmg the same way, the forces F¢ and F} can be calculated by

HO El HLEI
F§ =32, F) =32 (Eq. 23)

e ROP Modeling
In the vertical direction, the rate of penetration ROPy is represented by the ROP axial

model. A mathematical ROP axial model is presented as a generic nonlinear function fy (-), or:

ROP, = f,(N,WOB,a) (Eq. 24)

where N represents the rotary speed of the drill string, while WOB is the weight on bit, and
a is the model parameter denoting the factors like rock characteristics, flow dynamics, bit type and
size. Additionally, the ROP standard model (fa(-)) expresses the rate of penetration with 90 degrees

to the axial direction, or



ROP, = fr(N, Fyit, B) (Eq. 25)

where Fuit is the total bit force calculated using the equation (1) applied by the RSS and the
formation. Then B is the model parameter representing the factors like well path geometry, rock
properties. Several literatures cited that there are some ROP models to calculate ROPy (Eren,
2011); (Bataee et al., 2010). For instance, the Bingham model (Bingham, 1964), Teale model
(Teale, 2015) and Bourgoyne model (Bourgoyne et al., 1986). Although, in this paper, Teale’s
model is employed and expressed as:

13.33uN
Es 1.
(WOB Ab)

ROP, = (Eq. 26)

where p denotes the friction coefficient, while D is the bit diameter, Es is the specific energy
of the rock and Ay is the wellbore area. Several models have been proposed to calculate for the
ROPh. The equation based on the Teale’s model is considered and modified for the calculation of
the ROPy,

ROP, = —~ oy (Eq. 27)

Es 1
D(Fbit Ab)

where ¢(-) is the calibrating function together with y to calibrate such ROP model. It is
possible to consider various types of calibrating function ¢(-). Practically speaking, model f,(-) and
fn(:) is based on field measurements. The ROP is then calculated by:

ROPE = —— (%) (Eq. 28)

Es 1
Fpie 4b

and the ROP}. is calculated by

ROP} = ——"— (¥} (Eq. 29)

Es 1
D(F" ; Ab)
bit




where F, and F.;, are derived from equations (6) and (7), respectively, and y* and y' are
the model parameters. Obtaining the ROP values from the previous calculations, we could further

solve for the bit position.

e Well Path Calculations
2D - The change of the inclination is calculated based on the ROPy and the ROPy, or

ROPp,
ROP,

A6 = arctan(—)A4t (Eq. 30)

where 0 is the inclination and At is the sampling time interval. Therefore, the change of the

measured depth (MD) can be expressed as

AMD = \/ROP? + ROP? At (Eq. 31)

Then the change of TVD can be derived by

ATVD = AMDcos(6(t))At (Eq. 32)

Where 0(t)=0(t—1)+46 with 0(z) being the inclination at time t. The dogleg severity (DLS)

is a simple formula to quantify the angular variance on the angle for every meter drilled.

180246
DLS = TTAMD (Eq 33)
3D - when we solve for the change of the inclination
_ ROP},
40 = arctan(—ROPv)At (Eq. 34)
Moreover, the change of the azimuth can be expressed as
_ ROPE
AAz = arctan(—ROPv)At (Eq. 35)
Based from it, the change of the MD can be calculated as
AMD = \/ (ROP})? + (ROPM)? + ROP2At (Eq. 36)
The DLS is denoted as
DLS = 180° arccos(cos(8(t)) cos(6(t—1))+sin(6(t))sin(8(t—1))cos(44z)) (Eq. 37)

TAMD



The projection parameters are yet another distinction between azimuth and inclination. The
inclination is projected on the TVD and HD quadrants, whereas the azimuth is projected on the
north and east quadrants. Because the TVD and HD equations have already been given, the
formulas of displacements in the north and east directions are easy to extract, in which the change

in north displacement is:
ANorth = cos(Az(t)) cos(6(t))AMD (Eq. 38)
and the change of East displacement is
AEast = sin(Az(t)) cos(0(t))AMD (Eq. 39)

e Model Schematics
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Figure 8: Workflow of Rotary Steerable System



3.3.2.2 MEASUREMENT WHILE DRILLING

For the last decade, Measurement While Drilling (MWD) technology has been proven to
be a significant tool for reservoir analysis. In high-risk or high-cost operations, gamma-ray,
resistivity, and porosity logs acquired during drilling are extensively employed to supplement or
replace wireline logs for formation evaluation and geological correlations (SPE, Measurement
while drilling (MWD) - PetroWiki 2015). Drilling systems for oil and gas measurement while
drilling enable the driller to acquire and transmit data from the bottom of the hole to the surface
without disrupting drilling tasks.

Data on directional deviation, petrophysical parameters of the formations, and drilling data,
such as WOB and torque, are examples of this type of data. While drilling is in progress,
measurement while drilling (MWD) equipment allows a downhole analysis of formation gamma-
ray, resistivity, and porosity. With well monitoring, the drill bit’s condition and mechanical factors
including the following are measured and recorded:

e Well Deviation and Azimuth

e Rate of Penetration (ROP)

e Weight and Torque on Bit

e The drillstring's rotational speed

e The rotation's smoothness

e Type and degree of any downhole vibration
e Temperature in the borehole

e Volume of mudflow

Standardizing MWD-tool reliability data centered on identifying a failure and dividing the
total number of effective circulation hours by the total number of failures is one of the methods.
The data might generate meaningful failure-analysis indicators acquired over a statistically
significant period. The International Association of Drilling Contractors (IADC) furnished
proposals on developing and analyzing MTBF data as downhole tools become exceedingly
complicated (Ng, 1989).

3.4.1 ROP MODEL
There’s a lot of models that have been formulated in the past years that were adopted in

the oil and gas industry. Several methods have been introduced to optimize drilling parameters.



Those that were proposed in the past tried to explain the effects of drilling parameters,
environment, and geology effect on the ROP. Most of them are mostly in the form of WOB, RPM,
and torque optimization to find the optimum founder point of a bit to ensure efficient drilling.
However, drilling should not only be drilling specific but also formation specific to effectively

predict optimum parameters (Chen et al., 2018).

3.4.2 WOB MODEL

Weight on bit (WOB) is the amount of downward force exerted on the drill bit and is
normally measured in thousands of pounds (fjdjds). It is one of the important parameters being
considered during drilling; however, it is worth noticing too that during horizonal drilling the
undersection trajectory of directional well or horizontal well, there is a great difference between
surface measured WOB and bottom hole WOBD at the bit as shown in figure below. This is because

well friction can significantly reduce drag greatly compared to a conventional tangent section.
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Figure 9. Bottom Bit and Measured Bit relationship (Chen et al., 2014)

Thus, in this section the WOB model of Chen et al. (2018) will be utilized using the

equation below to differentiate the WOB on the surface and at the bottom:



WOB, = WOB - e Hb (Eq. 40)

Where WO B, is the bottom hole actual weight on bit (Ibf), WOB is weight on bit of surface

measurement (Ibf), and yinclination of the bottom hole (rad).

3.4.3 MSE MODEL
A new method of ROP model was based on Mechanical Specific Energy (MSE). It was
introduced as the mechanical work done to excavate a unit volume of rock in 1965 by Teale as

shown in the equation:

WOB 120mT
MSE = —+ ——
Ap Ap'ROP

For this section, an ROP model will be based on it. It will also consider WOB, RPM, and

(Eq. 41)

torque of the bit. WOB and torque are key variables in MSE calculation while considering the
mechanical efficiency E,,,.

MSE = Ey-WOBy - (- + 2t 22)

Ap Dp'ROP (Eq. 42)

In the given equation, (ib) or the bit sliding coefficient of friction is assumed to be of an
average value of 0.3 and 0.85 for roller cone and PDC bits respectively (Rashidi et al., 2010). The
drill string sliding coefficient (p) of friction is assumed 0.25 to 0.4, usually use the value of 0.35
(Li et al., 2009; Caicedo et al., 2005). The mechanical efficiency (Em) of a new bit can be taken
by core samples’ laboratory studies or inversed by adjacent wells logging data or during drilling.

At maximum drilling efficiency, it was shown that MSE was numerically close to the
confined compressive strength (UCS) of the formation at atmospheric condition (Teale, 1965;
Chen, 2018). Thus, in a real time operation of a drilling process, MSE should be numerically close
to the value of CCS to ensure drilling efficiency and maximum operation is achieved (Chen, et al.,
2016).

MSE pin = CCS (Eq. 43)



Therefore, MSE can be used to detect the peak drilling efficiency by surveilling MSE to
see if the MSE,,;,, is roughly equal to the CCS of the rock drilled. To get the value of CCS, the

equations will be shown as follow using the method that was utilized by Caicedo et al. (2005).

CCS = UCS + D, + 2D, - =22

P 1-sing (Eq. 44)

In bottom-hole drilling conditions wile drilling a permeable rock, UCC will be expressed
as:
D, = ECD, — P, (Eq. 45)

Where ECD, is the pressure in psi exerted by an equivalent circulating density in ppg and
P, is the pore pressure (psi). Thus, we can substitute the value of CCS to the value of MSE in

equation below.

CCS = Ep-WOBy - (- + 2t

A—lb e (Eq. 46)

3.4.4 ROP MODEL BASED ON MSE

The rock strength at the rock-bit interface is best defined by CCS as given in equation
below after substituting for the MSE. By utilizing the mechanical efficiency (Em) and by assuming
that MSE is equal to the CCS of the formation while drilling, an ROP model will be derived (Chen
etal., 2018).

13.33:up'RPM
ROP = et

(Eq. 47)

b ( cCs 1)
P Em-WoB e "¥b Ay

The above ROP model is relatively simple. By using this model, we can quickly predict
the ROP with reasonable accuracy for all of the bit types, according to the formation properties
and the drilling environment. Thus, figure 3.4.4 summarizes this process by ensuring that
maximum efficiency will be achieved by ensuring that MSE is close to the value of CCS to prevent
bit foundering. This is where the ROP no longer increases with WOB (Aarsnes et al., 2021). This

is because of insufficiently cleaned cutters, also known as bit balling where rock cuttings generated



by the drilling action of a bit accumulate on and around the cutters which decreases drilling
efficiency and results in increased frictional force on the bit and/or reduced ROP (Putot et al.,
2000; Detournay et al., 2008).

In this case, optimization of parameters is a must in this case to efficiently drill a well. It is
either increasing RPM or WOB to perfectly maximize drilling performances by maximizing these
parameters for ROP optimization either decreasing it or increasing it until it satisfied the given
prediction needed for drilling and it will be best by applying machine learning and will be

discussed next.
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Figure 10. Flow Chart for ROP prediction of efficiency

4. DRILLING OPTIMIZATION

Optimize set point commands for drilling parameters such as WOB, RPM, etc. such that
drilling performance and steering are optimized is a requirement of the Drillbotics® 2021

Guidelines. Thus, real-time optimization should be done automatically.



4.1 ROP OPTIMIZATION

Real time optimization of drilling parameters during drilling operations aims to optimize
weight on bit, bit rotation speed for obtaining maximum drilling rate as well as minimizing the
drilling cost (Vega et al., 2014). Thus, reducing drilling costs can be obtain through maximum

ROP, which is affected by many parameters as mentioned above.

Drilling parameter optimization is getting more and more popular in drilling operation to
improve performance and efficiency. This is because drilling performance and operational
consistency improvements are critical and relevant. Thus, using an algorithm through machine
learning is crucial in optimization of parameters. This is because machine learning involves using
an algorithm to learn and generalize from historical data in order to make predictions on new data
and to get better results (Brownlee, 2021 & Secherla, 2021).

Moreover, through machine learning automation possible to perform repetitive, precise
tasks at particular moments or continuously with compromising the efficiency and quality. With
this, it can be applied too in drilling a well by maximizing performance by continuous adjustment
of WOB and RPM to search an extremum of ROP and MSE. Thus, for optimization through
algorithm to work is to get all the input parameters from the system then calculate all necessary
values and checks whether the pre-determined values exceeded the required threshold values for

maximum efficiency which in this case is the ROP.

For optimization algorithm, Extremum Seeking Control (ESC) will be utilized for real time
optimization of parameters in drilling. This is because in drilling optimization, tweaking the
parameters is very important to ensure that maximum and efficient ROP will be achieved. It was
mentioned in the previous topic that ROP optimization can be achieved through increasing the drill
string RPM or increasing WOB or decreasing each of them (Dupriest & Koederitz, 2005). This
kind of process will be possible through ESC since it optimizes drilling parameters online based
on feedback from real-time measurements (Ariyur & Krstic, 2003). Since ESC is a nonmodel-
based algorithm, this algorithm will perform optimization in real-time to achieve optimal drilling
performance and this will be further explained in the phase Il by integrating it to the MSE-based

model of ROP optimization.



5. CONTROL SYSTEM
The control system entails of visualization of the drilling data and controlling parameters
(such as WOB, torque, RPM, etc.) of drilling system. The conceptualize graphical user interface

for the control system is shown below.

BUCKLING
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Figure 11. Conceptualize GUI

6. CONCLUSION

The authors of this paper will further explore and integrate all the mathematical models
with the Human factor involved in the drilling automations. Also, the authors will improve the
control system design, if ever got pass in the next phase of the competition, and choose the best

program that suites and applicable for the proposed design models.
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