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Summary

The University of Wyoming team is thrilled to participate in our first Drillbotics competition. This report
summarizes our team's work during Phase I, outlining the foundation for our automated drilling system.
We begin with a detailed overview of drilling basics, emphasizing safety considerations and engineering
aspects essential for effective drilling operations. Our approach aims to create an environment where
human-machine interaction reduces risks. The phase I report details how our team used OpenLab through
the D-WIS API to integrate machine learning and achieve the goal of safe and reliable drilling operations.
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1. Introduction

1.1

. Well Objectives
1.1.1. HSE Objectives
e Zero injuries.
e Zero environmental incidents and spills.
e Zero equipment damage.
e HSE regulatory compliance where the rig is operating.
1.1.2. Operational Objectives
e Deliver a well drilled within the pre-identified target zone.
e Ensure safe and effective management of well control scenarios.
e Ensure safe and effective management of fluid loss scenarios.
e Ensure real-time data monitoring to optimize drilling performance.
e Successfully implement a fail-safe mechanism in the automated drilling system.
Performance Indicators

1.2.

The primary objectives of the drilling design are to improve safety and the efficiency of the
drilling process while locating production zones. Our team identified two key performance
indicators for drilling and another two for kick detection. The key performance indicators for
drilling include the maximum rate of penetration and the on-bottom time during drilling. As
for kick detection, the indicators are the response time from system detection to closing the
well to demonstrate the size of the kick and the range of kick size that the system can detect.
To achieve the team’s objectives, the following drilling parameters have been set:

Pit Density

Pit Volume

Bit depth

BOP Choke pressure
MPD Choke pressure
Pressure Downhole
Flow Rate In
Flowrate Out Gas
Hook Position

ROP Instantaneous
RPM Surf

TD

* Pit Temperature

» Annulus Pressure

* BOP Choke Opening
* MPD Choke Opening
* ECD Downhole

* Pressure Downhole

* Flow Rate Out

* Hook load

* Hook Velocity

* SPP

* Torque Surf

* WOB

With these parameters set, the system will be able to detect a kick swiftly and allow for
minimization of the kick size thus improving safety and efficiency.

2. Safety Plan and Risk Analysis

The safety plan for this virtual rig environment is hypothetically established to underscore the
significance of safety in real-life drilling sites, considering both conventional drilling scenarios and
those involving automated systems where humans and automation collaborate within a unified,
ergonomic framework.

2.1

Drilling Site HSE Plan

Personal Protective Equipment (PPE): tools used to minimize the risks (mitigation
measure) to personnel who are exposed to hazards that cannot be adequately controlled



within the workplace by other means or as additional protection. The type of PPE selected
shall be appropriate for the risks of the work environment and job activity without
introducing additional hazards such as ergonomic considerations following the below PEE
matrix (Table 1):

Table 1 PPE Matrix

Body Hand Foot Eye/face Head
Protection protection protection protection protection
Work
Environment @ @ Q
Drilling Site
Yard /Outdoor
area
Lab/workshop
Office/ store

Notes

Mandatory
Conditional on Activity

“Special PPE” may be required for body, head, foot, eye/face and/or head protection for specific workplace conditions and/or
for particular tasks. For example, hearing, respiratory, fall, and drowning protection. Specialty PPE shall be determined based
on job specifics and the location of the tasks.

o Job Safety Analysis (JSA): A hazard analysis tool known as Job Safety Analysis (JSA)
breaks down tasks, identifies safety hazards, and evaluates control measures. JSA assumes
the job will be done and seeks the safest way to perform tasks, preventing accidents at drilling
sites, fostering a safer work environment, and contributing to continuous improvement. The
crew must conduct JSA for every task, discussing and ensuring understanding during pre-job
safety meetings.

e Hazard Assessment and Risk Control (HARC): An inclusive process involving individuals
at all experience levels to understand, identify, and control risks associated with daily work.
Given the omnipresence of hazards in our daily activities, the resulting risks pose potential
threats of injury or fatality. HARC documents facilitate the identification of hazards linked
to a specific activity, evaluating initial and residual risks post-implementation of control
measures. Typically, HARC incorporates both preventive and mitigative measures, utilizing
a risk control matrix for effective risk management (Table 2). A HARC should be developed
to run the automated drilling rig and any well control/fluid loss scenarios. These HARCs
need to be easily accessible to all workers and should be discussed during safety meetings
preceding each task.

Table 2 HARC Matrix

Prevention

A

‘r Possible | Likely | probable

Medium

Mitigation

High




Permit to Work (PTW): The Permit to Work (PTW) system serves as a preventive measure
and is applied in various situations: (a) in locations with simultaneous operations, (b) in
collaborative workplaces involving multiple companies, (c) for routine scenarios like an
electrician in an office or a Maintenance Technician in a plant room, and (d) for non-routine
tasks with unfamiliar risks. A PTW must include essential details like worker names,
associated risks, task duration, scope of work, and the lockout/tagout procedure. At drilling
sites, it is mandatory to initiate a PTW before any task linked to a Hazard and Risk Control
(HARC) for the specific task, detailing all identified control measures.

Emergency Response Plan (ERP): is the organizational process of managing emergencies
until controlled, aimed at minimizing losses such as injuries, damage, or environmental
impact, crucial at drilling sites. It includes risk assessments, an Emergency Response Team
(ERT) with defined roles, clear communication protocols, and evacuation plans. Regular
drills, including Evacuation, Fire, Blowout Preventer (BOP), Well Control, Fluid Losses, and
Communication Failure, are mandatory, and a detailed ERP for well control/fluid losses in
both automated and real-life drilling scenarios is essential.

Drilling Safety

Inspection: Inspection is required across various operations, facilities, and equipment aspects. Include
equipment, processes, and document inspection. The inspection frequency shall be identified for every
item with a set of inspection procedures, reporting requirements and the inspection team
qualifications. The team must run inspections on the codes to ensure they are properly functioning as
designed before the real drilling scenario takes place.

Smart Alerts: Smart alerts are designed to provide real-time notifications and insights to drilling
personnel, enhancing operational awareness and enabling timely responses to potential issues. Those
alerts will be using drilling parameters for anomaly detection in real-time. Our team is setting Smart
alerts to monitor the automated drilling system as below:
» Critical Alerts: Alerts indicating imminent safety hazards such as well control or fluid loss
scenarios or both (Signifies a significant deviation demanding immediate action).
» Warning Alerts: Alerts highlight deviations from optimal drilling conditions that require
attention. (Indicates a moderate deviation requiring attention).
» Informational Alerts: Alerts provide general information about drilling progress and
performance (Provide early notification).

The smart alerts tentative plan (Table 3) has been set by the team to account at minimum to monitor the
drilling parameters below for kicks, fluid losses, and well ballooning scenarios.

Table 3 Drilling Parameters Smart Alerts

Parameter lnfogr?:::onal Warning Alert Critical Alert Action
Rate of Baseline ROP - NA NA Monitor drilling break case
Penetration (ROP) 15% closely; flow check required
" - - -
Pit Volume Normal 0Range Normal Range Sudden Tncrease Investlgatelcause, consider
5% +10% preventive measures
Return Flow Normal Range = | Normal Range Sudden change after Investigate cause; potentially stop
10% +20% the warning value drilling operations

Safety thresholds: Safety thresholds in automated drilling operations involve setting upper and lower
limits for drilling parameters, enhancing real-time issue detection and quick decision-making to
elevate safety standards. A smart alarm system is integrated into the communication protocol, issuing
immediate alerts for threshold breaches. Human intervention is allowed only through manual
acknowledgment of alerts, ensuring a controlled response mechanism. Each drilling parameter is
assigned to an appropriate threshold during the drilling operation.




2.3. Training and Competency

HSE competencies are required for the entire team, whether working on a real-life drilling site
or automated system, to perform their job safely and to participate in the continuous improvement
process. Additionally, all employees are required to obtain job-specific training to perform tasks.
No limited to:

o HSE Competencies: HSE training helps to develop the necessary competencies to identify,
assess, and mitigate potential health, safety, and environmental risks associated with wellsite
operations.

o Continuous Improvement Process: everyone must actively participate in the continuous
improvement process to help them properly use and interact with the automated system.

o Job-Specific training: cach task requires job-specific training to acquire the skills and
knowledge required for their assigned tasks. Job-specific training should be tailored to the
specific roles and responsibilities of the individual.

®  Risk Assessment: This risk assessment aims to identify, evaluate, and mitigate potential risks
associated with automated drilling operations. By systematically analyzing the hazards and
implementing adequate controls, the goal is to ensure the safety of personnel, protect the
environment, and safeguard assets during the drilling process. Include all potential hazards,
such as wellbore stability, well control, equipment failure, weather conditions, and personnel
safety. Each risk assessment should be evaluated in terms of minimum likelihood and
consequence, risk ranking, and critical activities that require additional control.

2.4. Communication Protocols

Reporting and communication protocols are essential for fostering a collaborative and informed
environment in drilling operations, promoting safety, efficiency, and successful project outcomes.
Regular adherence to these protocols is crucial for maintaining effective communication
throughout drilling. Those protocols must use clear and concise language to ensure
understanding, prioritize safety-related communications and updates, encourage open dialogue,
allow team members to voice concerns or suggestions, and utilize digital platforms for document
sharing and real-time collaboration. The below communication methods should be always used:

» Before any operation, pre-job meetings discuss the safety and operational aspects of the job.

» Daily operation meetings are conducted every shift to review the operation updates and
lessons learned.

» Emails and daily reporting, including Daily Drilling Reports (DDR) and Torque and Drag
sheets (TnD)

» Smart Alert: the alerts should be communicated as pop-up windows on the wellsite screens
and via email to the right stakeholders.

2.5. Reporting and Responsibilities

e (-Stop: everyone is accountable for using the right to stop the job following the below steps
using the risk control matrix (Table 4):

Table 4 Q-Stop Matrix
THINK Be always alert. Think of what can be wrong.

RECOGNIZE Recognize hazards and evaluate the possible severity.

STOP STOP the job if risk is medium or above.

REDUCE RISK If the risk is still high, do not processed. Discuss with the team




Standard Operating Procedure (SOP): The SOP serves as a guide for the consistent and efficient
execution of tasks, outlining responsibilities, and assigning accountability. Designed to delineate
the scope of work, responsibilities, and step-by-step procedures for each task, SOPs are crafted
to ensure clarity and effective implementation.

Well control scenarios: everyone should be trained to deal with well control scenarios. At well
site, responsibilities are assigned per role as below:

» Toolpusher: prepare and update the kill sheet every shift with the driller.

» Driller: monitor drilling parameters in real-time, set alerts, actively detect a kick, and
shutdown the well.

» Wellsite supervisor: acts as main chock operator to circulate the kick out and kill the well.

» Drilling engineer: decide on the kill method, and follow up with the wellsite crew on the
killing procedure.

However, for the automated system, the team requires an understanding of the kick detection

process, well shut-in process, and killing methods and should be able to resume drilling safely

after killing the well.

Well Engineering
3.1. Drilling Plan

Well planning is an essential part of drilling for oil or gas. It's like making a detailed plan before
drilling to ensure everything goes smoothly and safely. The goal is to get the oil or gas out of the
ground cost-effectively to meet production needs.

Engineers specializing in wells (we call them well engineers) have a big job in this planning
process. They design the well, choose the best way to drill it, decide what fluids to use, and make
sure everything is done safely and cost-effectively. They work closely with other experts like
geologists and reservoir engineers to create plans that meet production goals.

Different types of wells have different shapes, such as straight down, sideways, or curved. Well
engineers choose the shape based on where they want to extract oil or gas. Understanding the
shape of the well is critical. It affects how stable the well is, how fluids move, and how easy it is
to put in casing. The casing is like a protective layer for the well.

There are five common types of wellbore shapes for drilling in different directions: Type I (build
and hold), Type II (build, hold and drop), Type III (deep kick-off and build), horizontal wells, and
horizontal drainage wells. Each type has its own set of steps to design it, such as deciding where
to place it and what tools to use. These steps help ensure that the well goes as planned.

Selecting Blowout Preventers (BOPs) for drilling plans is crucial for well control and preventing
blowouts. Annular and Ram BOPs are chosen based on factors like well design, environment, and
regulatory compliance. These devices swiftly seal the wellbore in case of kicks or blowouts, with
Annular BOPs accommodating varying pipe sizes and Ram BOPs providing a static seal.
Considerations include pressure ratings, well conditions, and adherence to regulatory standards.
Rigorous testing and maintenance ensure the reliability of the chosen BOP system, enhancing
overall well safety during drilling operations.

Another critical part of well planning is data collection during drilling. This means gathering
information about what is underground, how the drilling is going, and the conditions. This data
helps us quickly adjust the plan, keeps things safe by identifying potential problems, and teaches
us important lessons for future well plans. Therefore, collecting data is crucial for making good
decisions during the drilling process.



3.2. Bottom Hole Assembly (BHA)

The primary objective of Well Construction is to connect subsurface production facilities with
hydrocarbon reservoirs using a Drill String consisting of a Drilling Bit, Bottom Hole Assembly
(BHA), and Drill Pipes. The design of the drill string is tailored for specific well goals, with a
particular emphasis on addressing challenges posed by unconventional reservoirs.

In constructing oil and gas wells, selecting Drilling Bits is a crucial and intricate process involving
trial and error. Various factors such as formation hardness, drillability, drilling fluid, formation
characteristics, drilling parameters, and hydraulics are considered. Data from previous wells
(offset wells) aids in choosing the most suitable bit for a specific interval. Drilling engineers
primarily consider two criteria for bit design selection: opting for a higher rate of penetration
(ROP) to reduce bottomhole time or choosing a more durable bit to minimize trip time. These
decisions are based on cost estimates made during the planning phase of well construction.

A BHA comprises essential components such as Mud Motor or Rotary Steerable System (RSS),
Measurement While Drilling (MWD), Stabilizers, Logging While Drilling (LWD), Heavy Weight
Drilling Pipes (HWDP), and drill collars.

Both Mud Motors and RSS serve the common purpose of providing power to the bit and steering
mechanisms for directional drilling. Mud Motors are employed in more aggressive and
challenging drilling environments, operating in two modes: Sliding Mode, where the motor and
bit use applied Weight on Bit (WOB) to grind the formation and build inclination, and Rotary
Mode, where the motor and bit rotate together from the surface. RSS, on the other hand, utilizes
two steering mechanisms (Figure 1) push-the-bit and point-the-bit. The point-the-bit type offers
better hole quality, lower bit vibration, and more efficient rock cutting, while the push-the-bit
type has a simpler structure and higher penetration rate.

Figure 1 Push-the-bit(left) and Point-the-bit(right) work mechanism

MWD tools serve as the central command for any BHA, accumulating inclination and azimuth
data to confirm and control the well trajectory. Using mud-turbine power, MWD ensures stable
power for BHA components, enhancing safety compared to battery reliance. Additionally, MWD
offers basic logging measurements such as Gamma Ray (GR) and downhole drilling parameters
readings. On the other hand, LWD tools offer diverse measurements for subsurface rocks and
fluids, improving lithological understanding and optimizing planning for maximum production
rates. Key measurements include resistivity, density, and porosity of rocks to identify
hydrocarbon-rich zones.

Other components in the BHA serve directional control and provide the necessary weight on the

bit for drilling. Stabilizers are employed to impart steering tendency to the BHA, with their
placement influencing the desired steering effect. HWDP and Drill collars are utilized to add
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weight to the BHA, and their placement depends on factors such as depth, required weight, and
the neutral point position on the BHA.

3.3. Hydraulics

The rheological models are fundamental concepts in drilling mud knowledge. Since the
rheological models represent the properties of drilling mud under dynamic settings, they are
essential for any investigation involving drilling fluids. With this information, you may calculate
some significant numbers, including the equivalent circulating density, system pressure
decreases, and hole cleaning efficiency.

The Figure below shows three flow regimes- plug, laminar, and turbulent—that are present in the
drilling fluid. There is a transition zone where the flow regimes change in between each zone
(Figure 2).

Turbulance Flow

e
2

A
Larminar Flow

G

1
Plug Flow |

Shear TTT

Stress

Transition Zone
Transition Zone

Y

Shear Rate

Figure 2 Various Flow Types. Source: www.drillingformulas.com

e Plug Flow: Plug flow happens only with a very low shear rate and when the mud is in a gel stage.
The velocity of the mud at the center of the annulus is equal to the velocity at the sides.

o Laminar Flow: The best way to understand laminar flow is to think of it as layers of fluid flow,
which often happens at low flow velocities. The mud in the middle travels at the fastest speed,
while the mud in the surrounding layers moves more slowly. In comparison to the middle of the
pipe, the velocity at the edge is quite low. In a laminar flow, the fluid's shear stress determines
the shear rate, which follows a predictable pattern. As a result, the laminar flow equations are
based on fluid flow models, including Newtonian, Bingham Plastic, and Power Law.

o Turbulence Flow: The direction and velocity of a fluid moving in a zone of turbulence are
susceptible to random local fluctuations. Because of the chaotic flow at this stage, it is
challenging to develop the right equations to represent the fluid flow models for the turbulent
flow. In practice, most individuals determine the flow relationship for this flow regime using
empirical equations.

It is important to keep in mind that drilling mud does not precisely follow each fluid model; yet, it can
be predicted by using one or more fluid models, and as a result, the flow behavior of the mud is still
within a suitable range. The most important rheological models are Newtonian, Bingham Plastic,
Power Law and Hershel-Bulkley.
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3.3.1. Newtonian Fluid Model
The most basic model is a Newtonian fluid model (Figure 3). To put it mathematically, the consistency
curve, or relationship between shear stress (1b/100 ft2) and shear rate (1/sec), is a straight line that goes
through the origin. The consistency curve's slope indicates the viscosity of the Newtonian fluid. The
Newtonian fluid has a single viscosity value for every shear rate.

4  Newtonian Fluid

Shear Stress

Shear Rate 3

Figure 3 Newtonian Fluid Model. Source: www.drillingformulas.com

The Newtonian model can predict flow dynamics for a fluid whose particles are no bigger than the
fluid molecule. Examples of Newtonian fluids are light oil, water, and salt solutions.

Since viscosity is not affected by shear rate, Newtonian fluid does not accurately describe the behavior
of drilling fluid. Drilling fluid behavior, however, is substantially more complicated than a
straightforward Newtonian fluid behavior, and the flow behavior of different drilling fluids varies
greatly. The interactions between the tiny particle suspensions in the drilling mud are the primary
distinction between drilling mud and Newtonian fluid.

The differences between drilling mud and Newtonian fluid are shown in the figure's shear rate and
shear stress plot. Two key ideas from the following Figure are as follows:

e Drilling mud has an asymmetrical curve. It implies that viscosity is not a constant value.
e At a zero-shear rate, shear stress is not zero.

Moving drilling fluid from a static condition requires overcoming internal resistance (Figure 4). The
below graph makes it abundantly evident that the viscosity of mud is not constant but rather tends to
decrease with increasing shear rate.

A
Drilling Mud

o

A

§ Newtonian
5 Fluid

>
Shear Rate

Figure 4 Drilling Fluid VS Newtonian Fluid. Source: www.drillingformulas.com
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3.3.2. Bingham Plastic Model
The Bingham plastic model (Figure 5) is the most widely used fluid model to ascertain the rheology of
non-Newtonian fluids. The shear rate in this model is assumed to be a straight-line function of the shear
stress. "Yield Point," also known as threshold stress, is the point at which the shear rate is zero.
Moreover, "Plastic Viscosity" refers to the slope of the shear stress and shear rate curves. While the
Bingham plastic model yields satisfactory results for diagnosing drilling mud, its accuracy is
insufficient for hydraulic calculations.

The following formula can be used to find plastic viscosity (PV):

e Plastic Viscosity (PV) = reading at 600 rpm — reading at 300 rpm
Yield Point (YP) can be determined by the following formula:

* Yield Point (YP) = reading at 300 rpm — Plastic Viscosity (PV)

Slope = Plastic Viscosity

Shear Stress

YP

Shear Rate -

Figure 5 Bingham Plastic Model. Source: www.drillingformulas.com

3.3.3. Power Law Model

Another fluid model known as the power law model is used to characterize a feature of non-Newtonian
fluids in which the exponential equation is seen in the shear stress and shear rate curve, also referred
to as "a consistency curve":

e Shear Stress = K * (shear rate) "
Where, K is the fluid consistency unit, and n is the power law exponent.

Shear stress can be measured with a viscometer at 600 and 300 rpm. These values can then be used to
compute n and K using the following formulas.

e 1n=23.32log (reading at 600 + reading at 300)
e K =5.11 (reading at 300 + 511")

According to the equations, the relationship between the shear stress and the shear rate can be
constructed like it is in (Figure 6) below:
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A Power Law Model

Shear Stress

>

Shear Rate

Figure 6 Power Law Model. Source: www.drillingformulas.com

The fact that the shear stress is zero at zero shear rate is a disadvantage of the Power Law fluid model.
Due to the residual shear strength of drilling mud at zero shear rate, this is not a true representation of

drilling mud.
3.3.4. Herschel Bulkley Model

By assuming an initial shear stress value, the Herschel Bulkley fluid model improves upon the Power
Law fluid model to better represent the real behavior of drilling fluid at low shear rates. The following
equation can be used to characterize Herschel Bulkley:

Shear Stress = Yield Stress + K x (shear rate) "
Where K is the fluid consistency unit, and n is the power law exponent.

The yield stress is typically determined from the 3-rpm reading, and the n and K values can either be
mathematically interpolated from a graph or derived from the 600 or 300 rpm values. The Herschel
Bulkley Model is shown in the following Figure (Figure 7).

N

M Herschel-Bulkley Model

Shear Stress

-
>

Shear Rate

Figure 7 Herschel Bulkley Model. Source: www.drillingformulas.com
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3.4. Well Control and Kick Detection

3.4.1. Causes of Kicks

A kick in drilling refers to the forced flow of formation fluids into the wellbore, posing a
potential well control issue. If uncontrolled, it can escalate into a blowout. Various factors
contribute to kicks, including insufficient mud weight, improper hole fill-up during trips,
swabbing, cut mud, and lost circulation.

e Insufficient Mud Weight: Most kicks result from inadequate mud weight, causing
formation fluids to flow into the wellbore. Abnormally pressurized formations pose a
significant risk, necessitating careful monitoring and assessment. While drilling with
higher mud weights may seem a solution, it can lead to lost circulation and decreased
penetration rates. Maintaining mud weight slightly higher than formation pressure is a
prudent approach.

e Improper Hole Fill-up During Trips: Improper filling of the hole during drill pipe
removal can lead to a drop in mud level, reducing hydrostatic pressure and potentially
causing a kick. Methods such as the trip-tank and pump-stroke measurements are
employed to calculate and maintain mud levels precisely, preventing hydrostatic
pressure fluctuations.

e Swabbing: Swab pressure, generated during drillstring removal, can reduce effective
hydrostatic pressure, potentially causing a kick. Factors such as pipe pulling speed, mud
properties, hole configuration, and equipment conditions influence swab pressures.
Monitoring and controlling these variables are crucial in kick prevention.

e Cut Mud: Contaminated mud with gas, though rare, can result in kicks. Typically, gas
release from the core volume leads to decreased mud density. Gas expansion near the
surface, rather than at the bottom of the hole, allows mud weight reduction without
significantly decreasing hydrostatic pressure.

e Lost Circulation: Kicks may occur due to lost circulation, leading to a shorter mud
column and reduced hydrostatic pressure. Detecting lost circulation early is essential,
and filling the hole with fluid helps monitor fluid levels and prevent significant kick fluid
entry.

Understanding the causes of kicks and implementing preventive measures is critical in well
control during drilling operations. Maintaining appropriate mud weight, precise hole fill-up
methods, controlling swab pressures, monitoring for cut mud, and addressing lost circulation
contribute to effective kick prevention and overall drilling safety.

3.4.2. Warning signs of kicks

At the surface, warning signals and potential kick indicators are visible. It is the duty of every
crew member to identify, interpret, and act upon these signals. Not every indication indicates
the presence of a kick; some only alert people to possible kick scenarios. Each is identified
as a primary or secondary warning sign, relative to its importance in kick detection.
Important red flags to look out for include the following:

Flow rate increase (Primary)

Pit volume increase (Primary)

Flowing well with pumps off (Primary)

Pump pressure decrease and pump stroke increase (Secondary)
Improper hole fill-up on trips (Primary)
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e String weight change (Secondary)
e Drilling break (Secondary)
e Cut mud weight (Secondary)

3.4.3. Kick Detection and Shut-In Procedures

In the field of well control during drilling operations, we recognize two main shut-in
procedures when a kick is detected: the Hard Shut-In and the Soft Shut-In. The Hard Shut-
In method is implemented quickly since the remote choke is fully closed. It involves spacing
out, stopping the pump, closing a Blowout Preventer (BOP) element, and opening the HCR
valve on the choke line. This is important to record crucial kick data like Shut-In Drillpipe
Pressure (SIDPP), Shut-In Casing Pressure (SICP), and pit gain immediately. Quickly
detecting a kick and shutting the well in is essential to minimize the kick size.

On the other hand, the Soft Shut-In procedure involves keeping the choke open and following
similar steps to the Hard Shut-In. It involves spacing out, stopping the pump, opening the
HCR valve on the choke line, closing a Blowout Preventer (BOP) element, and then closing
the remote choke to record pressures. This method is advantageous in mitigating the risks of
pressure surges and is better suited for wells with sensitive formations. In tripping operations,
connecting and closing an internal Blowout Preventer (iBOP) is a key safety measure before
following the typical shut-in procedure. This ensures safety and control during this critical
phase.

Regarding Kick Circulation Methods, the strategies differ during drilling and tripping.
During drilling, the driller calculates the kick circulation parameters and starts the pump
slowly to maintain Shut-In Casing Pressure (SICP) while closely monitoring the Initial
Circulating Pressure (ICP). The main objective is to keep the bottomhole pressure slightly
overbalancing the kicking formation pressure and always below fracture pressure. Managing
surface and subsurface pressures accurately is vital for effective well control. During
tripping, a different approach might be required due to the change in well conditions. The
main focus during this phase is to displace the kick while trying to minimize operational
disruptions safely. Adjusting the circulation strategy to fit the unique challenges of the
tripping phase is crucial for ensuring the safety and efficiency of the overall operation.

3.4.4. Well Control Methods

In the process of well control during drilling, we primarily use two methods. The Driller’s
Method is quite involved, requiring two separate circulations to remove the influx and
stabilize the wellbore effectively. While the first circulation helps with removing the influx
from the annulus and allow time to prepare the heavy mud, the second circulation is designed
to displace the wellbore with the heavy kill mud to overbalance the kicking zone.
Maintaining the Initial Circulating Pressure (ICP) during the first and then carefully stepping
the pressure down to the Final Circulating Pressure (FCP) during the second is vital. This
method is known for its simplicity and effectiveness in handling different well control
situations. On the other hand, the Wait and Weight Method offers a faster way to remove the
influx in one circulation. This method works by simultaneously preparing and circulating
heavy mud while removing the influx. The key to its success lies in getting the heavy mud
to the annulus in a timely manner.

During the tripping operations, special considerations are necessary. We have to modify the

well control methods to address the reduced hydrostatic pressure caused by the removal of
the drill string. This situation demands a very careful management of pressure to ensure
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safety and control. Additionally, we sometimes employ the Bullheading Method in scenarios
where circulating out the influx is not feasible, especially during workover operations. This
method involves pushing the influx back into the formation. Another method we use is the
volumetric method combined with lube and bleeding, especially when direct kick circulation
is impractical. This method manages the expansion of the kick to the surface, followed by a
lube and bleed technique for effective pressure management. These additional methods are
crucial in our toolkit for handling complex well control scenarios.

3.5. Key Performance Indicators and Data Analytics

Digitalization and data from drilling and completion are crucial for optimizing field development
and raising operational effectiveness and safety. But to fully benefit from data and digitalization,
you must identify and quantify the metrics and key performance indicators (KPIs) that best
represent your goals and obstacles. Next, we will discuss the common uses of KPIs and indicators
for drilling and completion data and digitalization and how utilizing them can improve
performance and decision-making.

o Data Quality and Availability: Data availability and quality are among the most crucial KPIs
for drilling and completion data and digitalization. The correctness, consistency, timeliness,
and completeness of the information you gather, store, and process are all considered aspects
of data quality. The term "data availability”" describes the security, dependability, and
accessibility of the data you require to run your business. Your capacity to identify and reduce
risks and abnormalities as well as monitor, regulate, and improve your drilling and
completion processes, can all be impacted by the quality and availability of your data. As a
result, you should set up and routinely check data availability and quality criteria and metrics,
including data cleansing, integration, validation, and backup.

o Drilling performance and efficiency: Drilling performance and efficiency are another
popular KPI for the digitalization of drilling and completion data. The performance and
efficiency of your drilling process are determined by how successfully you carry out your
strategy, how quickly you drill, how much you spend, and how much you recover. Numerous
elements, including geological conditions, equipment performance, operational procedures,
human factors, and environmental implications, can affect the effectiveness and efficiency
of drilling. As a result, you should monitor and optimize parameters like penetration rate,
drilling time, cost, non-productive time, hole quality, formation evaluation, and recovery
factor using data and digitalization.

o Completion performance and effectiveness: Completion effectiveness and performance
represent a third common KPI shared by digitalization, completion data, and drilling.
Measures of completion performance and effectiveness include production volume and
duration and the efficiency with which your system is designed, installed, and run. Numerous
elements, including reservoir parameters, completion type, stimulation technique, well
integrity, flow assurance, and artificial lift, can impact the effectiveness and performance of
a completion. As a result, you should monitor and improve KPIs, including final recovery,
well reliability, well intervention, production rate, fall in output, completion time, and cost
using data and digitization.

e Data and digitalization maturity: Data and digitalization maturity is a fourth KPI shared by
drilling, completion data, and digitalization. The degree to which your data and digitalization
capabilities are sophisticated, integrated, and well-aligned with your business objectives and
strategy is measured by data and digitalization maturity. Many factors, including data
governance, data architecture, data analytics, data visualization, data security, digital
transformation, digital culture, and digital innovation, can be used to assess the maturity of
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data and digitalization. As a result, you should benchmark your current state, identify your
gaps and opportunities, and plan your improvement actions using data and digitalization
maturity models and frameworks, such as the Data Management Maturity Model (DMM),
the Digital Oilfield Maturity Model (DOMM), or the Digital Maturity Index (DMI).

o Data and digitalization value: Data and digitalization value is a fifth KPI that is shared by
drilling, completion data, and digitalization. The value of your data and digitalization
projects, both real and intangible, is measured. These benefits include higher sales, lower
expenses, greater quality, increased safety, and higher customer happiness. Numerous
techniques, including return on investment (ROI), net present value (NPV), internal rate of
return (IRR), and value stream mapping (VSM), can be used to calculate data and
digitalization value. As a result, you should utilize data and digitalization value indicators to
convey your effect, prioritize your projects, and justify your spending.

o Data and digitalization challenges: Data and digitalization difficulties comprise the sixth
common KPI for drilling and completing data and digitalization. Technical complexity, data
silos, data privacy, data ownership, data integration, data quality, data security, digital skills,
digital literacy, digital adoption, digital resistance, or digital ethics are some of the challenges
and barriers you may encounter when implementing or growing your data and digitalization
solutions. Consequently, you should evaluate your risks, identify your pain spots, address
your problems, and draw lessons from your mistakes using data and metrics related to
digitalization challenges.

Based on the above main functions of KPI indicators, our team decided to use three KPI
indicators in our model as:

» Connection time

» On bottom hours

» Kick response time

4. Drilling Automation and OpenLab

In oil and gas exploration and drilling, "virtual rig design" usually refers to building a virtual or
simulated drilling rig. Engineers and experts can simulate and examine different aspects of drilling
operations before they happen in the real world with this virtual representation. Here are some
important elements and characteristics related to designing a virtual rig:

Simulation of Drilling Rig Components: Virtual rig design entails building digital
representations of the drillstring, drilling fluid systems, hoisting apparatus, and other crucial parts
of a drilling rig.

Realistic Environments: Real-world drilling conditions are replicated in the virtual environment
design. This covers variables affecting drilling operations, such as geological formations,
wellbore conditions, and environmental variables.

Training and Development: The design of virtual rigs is frequently employed in training
scenarios. It gives drilling crews a risk-free setting in which to hone their skills. This can involve
emergency response, equipment handling, and well control scenarios.

Drilling Process Optimization: Using virtual rig design, engineers can test various drilling
parameters in a simulated setting and optimize drilling procedures. This may result in drilling
operations that are more economical and successful.

Safety Analysis: Risk assessment and safety analysis can be conducted on the virtual rig
environment. It enables experts to recognize possible risks and create plans to reduce them before
drilling operations start.
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Decision Support: Drilling project planning and design can benefit from using virtual rig design
as a decision support tool. Engineers can evaluate various strategies and make well-informed
decisions with the simulation results.

Collaborative Design: Drilling engineers, geologists, and safety specialists are just a few of the
multidisciplinary teams that frequently work together to design virtual rigs. This cooperative
strategy ensures that every facet of the drilling process is met.

4.1.  Autonomous Drilling History

Over time, autonomous drilling has undergone a dynamic evolution that has revolutionized the
field of drilling engineering. The discovery of ways to improve operational efficiency and safety
by the oil and gas industry in the early 2000s marked the beginning of the journey toward
autonomous drilling. Early initiatives concentrated on automating technologies—such as
sophisticated control systems and sensors—into drilling processes.

The turning point occurred in the middle of the 2010s when the drilling industry and the quickly
advancing fields of robotics, Al, and machine learning came together. Drilling rigs began to be
equipped with automation and intelligent algorithms, allowing for real-time data analysis,
adaptive control, and decision-making. This change signaled the beginning of drilling systems
with some degree of autonomy.

There has been an increase in fully autonomous drilling initiatives in the industry in recent years.
These systems perform drilling operations with the least human intervention possible by utilizing
cutting-edge technologies like sensor fusion, predictive analytics, and advanced control
algorithms. In addition to increasing operational efficiency, the objective is to mitigate safety
concerns by lowering the dependency on manual labor in difficult and dangerous drilling
environments.

A constant quest for innovation has defined the history of autonomous drilling, with constant
research and development aiming at improving and extending the capabilities of these systems.
As the technology develops, the industry expects more advancements in drilling speed, accuracy,
and overall performance, ushering in a new chapter in the history of drilling approaches.

4.2.  OpenLab Workflow

OpenLab Drilling is a web-based drilling simulator with a user-friendly interface designed to
facilitate users from all backgrounds, from classroom settings to advanced research
development. OpenLab offers a drilling simulator infrastructure based on complex physical
models and efficient computational methods. The simulator generates artificial and realistic
feedback through pressures, temperatures, volumes, flow rate, torque and drag, transport
cuttings, density changes, and more. It is available both in a drilling control room and through a
web application. The web application hides all the complex algorithms and technical details to
present a clean, user-friendly interface. You can choose between pre-made or customized
configurations and control various drilling parameters during the simulation. Simulations such
as kick, loss circulation, buckling and more can be run interactively in real-time, single-step,
fast-forward, or sequence mode. With OpenLab you receive more information than on actual
drilling operations, so you can learn why things go wrong when they do. This makes it an ideal
platform for education, development, and testing.

The OpenLab software consists of two main sections: configuration and simulation. These
sections serve distinct purposes within the software, with the configuration section dealing with
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setting up parameters and options, while the simulation section is dedicated to running and
visualizing simulations based on the configured settings. The main components of the

configuration section are:

Architecture: This consists of the parameters like Drilling method type (i.e. conventional or Back
pressure), bit position, riser and flow lines (lengths and dimensions), casings (length and
dimensions), open hole section length and dimensions and the same is depicted in (Figure 8)

below:
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Figure 8 OpenlLab Architecture Interface

Wellpath: This contains the details of the well path (i.e. surveys). The software provides a robust
interface for this as the user just needs to enter the measured depth, inclination and azimuth to
the system and the system is well-equipped to generate the values of true vertical depth and dog

leg (Figure 9).
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Figure 9 OpenLab WellPath
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e Fluid: This module contains the details and properties of the drilling fluid (like gel strength,
rheology, oil/water ratio, base oil PVT, etc.) and they are divided as main drilling fluid and
reserve drilling fluid (Figure 10).
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Figure 10 OpenLab Fluid Interface

e Drillstring: This contains details like the length and dimensions of the drill pipe, bottom hole
assembly and bit (Figure 11). The user can modify the same according to one’s need.
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Figure 11 OpenLab DrillString Interface

e Geology: This section contains the details of the geopressured profile, geothermal profile and
the formation strength and properties (Figure 12).
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Figure 12 OpenlLab Geology Interface

e Rig: This section gives the user access to the different rig systems and equipment like mud
pumps, MPD (Managed Pressure Drilling) pump, MPD choke, bop choke, travelling block, top
drive, draw works, shakers, main tank, reserve tank etc (Figure 13).
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Figure 13 OpenlLab Rig Interface

Once a configuration is created now, we need to create a simulation for the corresponding configuration.
In the new simulation page, the user needs to set the initial conditions (i.e. initial bit depth, initial top of
the string, main pit mud volume, reserve pit mud volume, main pit temperature and reserve pit
temperatures) as depicted below (

Figure 14).
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Figure 14 OpenLab New Simulation Page

Once the new simulation is created, we can now run the simulation by varying the different drilling
parameters like rpm, flowrate, weight on bit etc. After the simulation has been performed, we can mark
the simulation complete and get the results in the form of plots of excel file. It is to note that these data
and plots are updated in real time while the simulation is in progress and hence makes it much easier for
the user to identify the trend and noteworthy actions (Figure 15).
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Figure 15 OpenlLab Simulation

Control Modules
4.3.1. Proportional, Integral, and Derivative (PID)
This section will discuss the different control modules used in the drilling industry with a
special focus on PID controllers (Figure 16). A PID controller is a device that automatically
maintains a process parameter at a predetermined level in feedback control loops. This
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universal mechanism is included in about 90% of all automatic control systems. To put it
simply, a process variable is controlled by the PID algorithm by computing a control signal
that is the product of three terms: proportional, integral, and derivative. Hence, it can return
a process variable inside the permitted range.

It is necessary first to observe what occurs inside a closed-loop system to comprehend how
a PID controller functions. A closed-loop system's core is where the PID controller is located.
It could be a microcontroller-based gadget or algorithm. The term "plant" or "system"
describes the entity that is being controlled; this could be anything from a motor to an
industrial furnace. An actuation device, which can be a heater, a cooler, a motor drive, or
anything else that can drive the system, is used to regulate the plant. The process variable is
the parameter that needs to be managed. It could be rotation speed, pressure, temperature, or
flow rate. A sensor measures the process variable, providing feedback to the controller by
returning a signal. A set point or desired process value is sent to the controller. It is the goal
that the system needs to accomplish. This parameter is always set externally, either manually
or automatically, through a high-level control system (drilling industry, e.g., Autochokes,
Autodriller, etc.)

SET POINT PID CONTROLLER

Control signal Feedback

ACTUATION PLANT/
DEVICE SYSTEM

Figure 16 PID controller workflow. Source: www.integrasources.com

Types of PID controllers: Proportional, integral, and derivative components are used by
PID controllers to control a process. Eliminating the term from the equation involves
setting a gain to zero. We refer to these kinds of PID controllers as PID modifications.
Typically, engineers employ the following adjustments (Figure 17):

PID controller + +
P controller — —
| controller + -
D controller - +
Pl controller + + -
PD controller + o +

Figure 17 PID controller modifications. Source: www.integrasources.com

e A proportional controller quickens responsiveness and shortens the rise time—the
amount of time needed for the process variable to reach the set point.
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e A derivative controller reduces oscillations and overshoots the system's output.

e An integral controller lags the output phase while lowering the time-invariant error.

e A PI controller makes it possible to get rid of the steady state error and shorten the
rising time.

e A PD controller minimizes the plant's oscillations, overshot, and rising time.

In addition to these adjustments, some PID controller types have more intricate algorithms
added to them. They can carry out operations that the traditional PID algorithm is unable to
handle.

4.3.2. AutoDriller

We get greater knowledge about drilling mechanics and the connection between surface and
downhole dynamics as the industry shifts to real-time downhole data. We now know that
while regulating machines on the surface, downhole dynamics must be considered. The
industry may now achieve true closed-loop control using high speed downhole Weight-on-
Bit (WOB) input thanks to new technology and real-time monitoring. Stick slip and other
downhole vibrations including lateral and axial vibrations are reduced when the axial
dynamics are coupled with a torsional model. By lowering these vibrations, drill pipe and
drilling machinery are put under less stress and bit wear and BHA failures are decreased.
Drilling from novice to expert drillers is improved with improved consistency and gap
reduction when surface equipment is automated with downhole models.

The key features of the autodriller technology are:

* Minimize downhole vibration by controlling surface WOB and RPM
* Detects, prevents and mitigates stick-slip

* Dynamic models quantify the severity of downhole vibrations

* Dynamic models auto tune Rig Control System

* Accurately estimates downhole bit/BHA speed

* Real-time data enabled closed-loop downhole weight controller

* True downhole control of WOB ensures your limits never exceeds

The main benefits of autodriller technology are:

* Saves significant time with reduced probability of early bit trips due to vibrations
* Increased ROP with Stick-slip and Auto Driller technology

» Saves wear and tear on bits, BHA, drill string and top drive

* More gentle control of machines reduces maintenance

4.3.3. AutoChoke

The pressure-balanced drilling choke (i.e. Autochoke) regulates pressure automatically under
a diverse range of conditions. It reduces the risk of formation breakdown or secondary
bubbles during well control and drilling operations, delivering faster, safer kick control and
implementation of MPD practices. By maintaining casing pressure, the drilling choke makes
stripping pipe simpler and safer.

Controlling the casing pressure is simple and reliable with the drilling choke. It permits
bottomhole pressure during well control operations, MPD, and UBD, as well as precise
control for stripping pipe into the hole, MPD, and UBD techniques for managing
backpressures. Reduced circulation loss, gas intrusion, fluid expenses, production damage,
and blowouts are all decreased by the choke.
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4.4. Sensors Measurements

We can learn a great deal about the physical characteristics of a well from the surface to the final
depth by examining cuttings, drilling mud, and drilling parameters for hydrocarbon-associated
events. A vital role in data analysis is expertise with the many sensors that are used to collect
surface data. This section discusses the main kinds of surface data sensors.

Depth Tracking Sensor: When the drilling line moves up or down, the draw-works drum rotates,
and current depth-tracking sensors digitally count the amount of rotational movement. A constant
distance traveled is represented by each count, and this distance can be directly correlated with
depth movement (deepening or shallowing). Additionally, the movement can be linked to a time-
based counter to provide an average or instantaneous rate of penetration (ROP). Still in use by
some businesses is the pressurized depth-tracking/ROP sensor. The pressurized ROP system
operates based on the idea that a water column's hydrostatic pressure changes as its height
changes. A depth measurement can then be indirectly linked to this shift. Once more, an interval-
based counter is employed to compute an instantaneous or average ROP. On offshore rigs,
including semisubmersibles, submersibles, and drill ships, accurate depth measurement is
impacted by axial (rig heave), the rig's up-and-down motion, and lateral (tidal movement). Most
of these rigs have a rig-compensator device placed on their moving block to correct this
appropriately. The compensator opens as the rig rises, enabling the bit to remain on the bottom.
Similarly, to maintain the same relative bit position and bit weight as the rig descends, the
compensator must close. Accurate depth measurement is made possible by the same digital
sensors connected to the compensators, which allow for considering any movement changes.

Flow in Tracking Sensor: The fluid flow rate being applied downhole, and the number of pump
strokes needed to reach this flow rate are tracked by flow-tracking sensors. The information
obtained from these sensors is crucial for determining cutting lag, well management, and drilling-
fluid hydraulics. Monitoring trends might also help spot possible issues like circulation loss or
kicks. Proximity switches and/or whisker switches are the two most used types. When a
proximity switch with electrical continuity is triggered by a permanent magnet or an
electromagnet (coil), it functions as a digital relay switch. A whisker switch is a type of
microswitch that only becomes active when a piston is forced to raise a ball bearing to make
contact with it by means of an external rod known as a whisker. Since both kinds of counters are
digital, a rise in counts will specifically increase pump and flow rates.

Pressure Tracking Sensor: The primary purpose of pressure-tracking sensors is to trace the
pressure exerted below the surface. These sensors provide data that is utilized to confirm probable
downhole issues such as washouts, kicks, or loss of circulation, or they can be used to check
estimated values. Two different kinds of sensors track pressure using a high-pressure diaphragm
unit (also known as a knock-on head) on either the pump manifold or the standpipe. The first sort
of sensor gets its physical input from the expansion of a rubber (or viton in cases of high
temperature) diaphragm inside the knock-on head due to mud pressure. This expansion transfers
the mud pressure to the proper transducer by raising the pressure in the hydraulic oil-filled
system. The second kind of sensor connects directly to the standpipe manifold.

Flow out Tracking Sensor: Often referred to as a "flow paddle,” this sensor uses an analog strain
gauge transducer to measure the flow rate exiting the annulus. Mud-flow rate variations are
intimately correlated with changes in resistance levels. An early warning of a kick condition a
sudden rise in flow rate—or a loss of circulation—a sudden fall in flow rate—is given by this
Sensor.

Drill Monitor Sensor: Drill-monitor sensors track rotational torque, hook load, and surface
revolutions per minute (RPM). The torque sensor, which is attached to the top-drive system
(TDS), is a clamp that fits around the main power line (Fig. 5). It operates based on the magnetic
field created around the cable by the current flowing through it, which deforms Hall-effect chips
(i.e., the greater the torque produced as the pipe rotates, the greater the current drawn by the TDS
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and therefore the greater the Hall effect). (Note: an electric current flowing through a magnetic
field produces a transverse voltage known as the Hall effect.) The lithology of the formation or
issues with downhole drilling, such as pipe stick/slip or motor stalling, can then be linked to
torque variations. A digital rotary sensor is comparable to a pump's proximity sensor. Although
it has a distinct shape, it functions according to the same idea. RPM modifications are
implemented to minimize downhole vibration impacts and drill the well efficiently. The string
weight (SW) is the total weight of the drillpipe, bit, bottomhole assembly (BHA), etc. The weight
of the lines and blocks, including top drive or kelly, is known as the block weight (BW). The
hook load decreases while the bit is on the bottom or when drilling. The weight on bit (WOB) is
the amount of weight hanging by the hole's bottom. The transducer type used in this hook-load
sensor is the same as that used in pressure-tracking sensors. The load exerted across the reservoir
causes pressure on the hydraulic fluid as the deadline is strained. A measurement value is derived
from this increase in pressure. After that, a correlation is established between these measurement
numbers and possible downhole issues like kicks or stuck pipes.

Pit Monitor Sensor: Most pit-monitor sensors gauge the mud level using ultrasonic transit time.
The sensor sends A sonic wave positioned above the pit above the maximum mud level and
reflected back to the receiver. Next, a volume measurement is obtained directly from the transit-
time measurement. This critical measurement is actively utilized to track any possible circulation
loss (rapid reduction in pit volume) or kicking (rapid increase in pit volume).

Gas Detection Sensor: The primary components of the gas-detection sensors are the
chromatograph and total-gas detectors, a gas trap, and a pneumatic line connecting the gas trap
to the gas-detection apparatus (located inside a mud-logging unit). Essentially, the gas trap is a
floating chamber with a rotating "agitator” within. It operates on the premise that when mud
passes through the gas trap, it becomes agitated, releasing most of the gases the mud contains.
After that, the gas is removed from the trap via the unit sample line to be examined inside the
unit. Gas chromatography operates on a straightforward concept. Light gases like methane and
oil are among the various hydrocarbon components that make up the gas from an oil well. After
that, a gas sample is sent into a gas chromatograph, which extracts some of these constituents for
further examination. The gases of interest are usually methane (C1) through pentane (C5). These
can be utilized in gas-ratio analysis for reservoir characterization, or they can be plotted
separately. Most logging companies currently use a flame ionization detector (FID), gas
chromatograph, and total gas detector. The FID has the broadest linear range of any widely used
detector and reacts mostly to hydrocarbons. When concentrations range from less than one part
per million (ppm) to percent levels, the output signal for a given component is linear, and low
part-per-billion (ppb) range resolution can be achieved with caution. The main distinction
between the total-gas detector and a chromatograph is that the latter uses a column to separate
components; in the former case, the detector burns the "total" hydrocarbon gas sample as a single
unit. Additionally, because there is no injection time, the gas is being sampled continuously.

Additional Sensors: Companies involved in exploration and production can need specific
services like drilling optimization and formation-pressure monitoring. Adding more sensors,
such as conductivity, density, and fluid temperature, could be necessary to support these services
adequately. Corresponding sensors that solely monitor these gases may also be necessary in
places with high levels of H2S or CO2.

5. Human System Integration (HSI)

HSI facilitates the development of integrated and well-balanced ergonomics, promoting effective
interaction between humans and automated systems and ultimately improving drilling operations'
safety, efficiency, and overall success. The HSI main goal as stated in DSABOK official website is
to fit automation on the below workflow of the drilling system (Table 5), where our team used the
principles of HSI to the working ergonomics for the competition:
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Table 5 HSI Principles of Automation

Information . . Decision & Action Action
e Information Analysis . .
Acquisition Selection Implementation
People Algorithms Criteria Control methods
Stored data Past, present, and future Actions Precision
status
Sensor data Interpretation Resources
Display format Speed
Confidences

5.1. Level of Automation

Our team will employ the Levels of Automation Taxonomy (LOAT) matrix to facilitate the
seamless functions transition between humans and automation.

Table 6 the Levels of Automation Taxonomy (LOAT) matrix

Level | Information acquisition | Information analysis DeCISIsTllezggl:wtlon Action implementation
0 Manual Memory analysis Human decision Manual action and control
1 Artifact-supported Artifact-supported Artifact-supported Artifact-supported
2 Low level automation Low level automation Automsitggockmswn Step-by-step action support
3 Medium level Medium level Rigid automated low-level support action

automation automation decision support execution
. . . . Low-level automatic High-level support action
4 High level automation High level automation .. . :
decision making execution
. . High level automatic low-level action sequence
5 Full Automation Full Automation .. . .
decision making automation
6 Full automatic medium-level action
decision making sequence automation
. High-level action sequence
automation
8 Full automation
5.2.  Team Competencies

Team members' competencies played a crucial role in task allocation for the competition, and to
ensure the process's significance, multiple assessments were conducted beforehand.

o Personal preferences: Each member expressed their preferences within the team, such as
coding, data preparation, or analytical writing skills.

e Mock training: Utilizing the university's drilling simulator, the team engaged in simulated
well control scenarios to evaluate members' responses and skills in handling various situations.

e Skills set: With a diverse skill set within the team, we leveraged different skills to assess task
assignments, capitalizing on the productivity advantage that diversity provided.

Following these steps, tasks were assigned by aligning our collective skills with the level of
automation for each task based on the LOAT matrix.

5.3.  Superhuman

The implementation of a superhuman concept is envisioned to bridge gaps in collaborative
operational environments, employing the LOTA matrix to integrate automation into decision-
making processes.

e Leveraging individual expertise, we employed personal knowledge to determine the tasks

suitable for automation versus manual execution, including decisions on when to permit human
intervention and override automated tasks.
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Through practical training, our team utilized the drilling simulator and OpenLab to rehearse
drilling scenarios within an automated environment, refining our skills and familiarizing
ourselves with automated processes.

Testing smart alerts for real-time monitoring while evaluating team responses and action
selections.

5.4. Interface Design

A system interface designed for user-friendliness accommodates human preferences, facilitating
interaction with the automated system; its primary objective is to swiftly detect anomalies, enable
intervention, and remain easily usable by all team members.

5.5. Practice sessions: Well Control Scenarios

Our team has used the university drilling simulator designed by Drilling Systems to practice
drilling real-time data monitoring, and kick detection. The team used the Hard Shut-In method
to shut down the well and the Driller's Method to kill the well.
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This training (Figure 18, Figure 19, Figure 20) was conducted as part of the Drilling Engineering class

where both undergraduate and graduate students participate in demonstrating their skills.
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The main goal of these sessions is to examine the team's ability to work under pressure, test their
communication skills as a unit, and practice their tasks within an automated drilling system.

6. D-WIS API Interoperability

The term "interoperability” describes the capacity of various hardware, software, and systems to work
together and share data without any problems. Multiple systems can work together with one another
so they can exchange information, communicate, and use it efficiently. Key features of
interoperability include:

o Compatibility: Systems and components are made to function together so that data may be
exchanged, and communication occurs without any problems.

o Standards: Interoperability is facilitated by the application of common standards. Different
systems can comprehend and interpret data consistently, following the same standards.

e Data exchange: Compatible Systems can share data in a way both sides can comprehend and
use. Using standardized data formats and protocols is frequently required for this.

e [Integration: Interoperability allows combining various components or systems to create a
seamless and cohesive user experience.

e Open Standards: These standards encourage broad adoption and interoperability across various
systems since they are not proprietary and are made available to the public.

o Scalability: Systems that are designed to be interoperable have the flexibility to adapt to changes
in size and complexity without impacting functionality.

Rapid automation innovation and decreased integration efforts are two benefits of interoperability.
There are now many proprietary systems in use, and standards—Iike those already achieved in
industrial automation—are needed to offer the necessary levels of interoperability. These will
guarantee that components and operations can seamlessly integrate with any other system that
satisfies the requirements.

D-WIS, which was founded out of SPE DSATS, created a strategy to allow for interoperability across
drilling (and wells). To develop various aspects of this system, teams were formed. The six work
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groups presently in operation are reference Architecture, ADCS Software Interface, Semantics of
Real-Time Signals, Drilling Process Protection, Use Case Coordination, and Contextual Data.
Protection of the Drilling Process is. Discussing Safe Mode Management (SMM), Safe Operating
Envelope (SOE), and Fault Detection Isolation Recovery (FDIR).

Regarding drilling systems automation and related applications, D-WIS seeks to establish industry
standards and best practices that will enable stakeholders to link devices, sensors, and telemetry
systems. These connections will enable sharing data and applications on new and old rig control
systems, opening new possibilities in well construction. D-WIS API interoperability workflow is
depicted below (Figure 21):

D-WIS API INTEROPERABILITY

Docker Container
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Figure 21 D-WIS API Interoperability

The key components of the D-WIS API interoperability are:

Docker: Docker is a platform for automating the deployment of applications using lightweight,
portable containers. Containers encapsulate everything needed to run software, ensuring
consistency across different environments. Key components include Docker Engine, which
manages containers, Dockerfiles for image creation, and Docker Hub for sharing images. Docker
offers portability, isolation, resource efficiency, scalability, and seamless integration into DevOps
practices. It has become a fundamental, standardized, efficient application packaging,
distribution, and deployment technology.

OpenLab: OpenLab Drilling is a web-based drilling simulator with a user-friendly interface
designed to facilitate users from all backgrounds, from classroom settings to advanced research
development. OpenLab offers a drilling simulator infrastructure based on complex physical
models and efficient computational methods.

OPC-UA: OPC-UA, or OPC Unified Architecture, is a standard communication protocol
designed for industrial automation and control systems. It provides a framework for secure and
reliable data exchange between devices from different manufacturers. Key features include
platform independence, scalability, and support for various data types. OPC-UA uses a client-
server model where clients request and receive data from servers. It ensures secure
communication through encryption and authentication mechanisms. This open standard
facilitates interoperability, allowing diverse systems to exchange information seamlessly. OPC-
UA is crucial in enabling the Industrial Internet of Things (IloT) and Industry 4.0 initiatives by
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providing a standardized and secure foundation for industrial communication. The detailed step-
by-step working of the D-WIS API interoperability has been discussed below:

» Step 1: Load Docker and the demo App image

Here, we need to access the docker hub website with the following URL
https://hub.docker.com/r/digiwells/ddhubdemoappwebserver to get the details of the associated
docker and to get the run command for the associated docker.

@ dockerhub  Explore  Pricng Q. search Docker Hu 0 & s El

digiwells/ddhubdemoappwebserver -

Mo apchication ased in the D:

Overview T
Source Docker Pull Command
pull digivells/ddhubdesonps- I

Launch instructions

Quick start

» Step 2: Run the DDHub server

To run the DDHub server copy the text in the red window and paste it in the command
prompt of your system and hit enter. This will start the Demo App and the same can be
seen below.

Command Prompt - docker r X + -~

Microsoft Windows [Version 18.8.22621.2715]
(c) Microsoft Corporation. All rights reserved.

C:\Users\ragrawal>docker run -p 88:80/tcp -p U8030:48630/tcp —p 48031:48031/tcp --hostname localhost digiwells/ddhubde
moappwebserver:latest
Starting Demo App
License: trial False
License: expiration data ©1/61/86001 66:00:
Common application data: /usr/share
Local application data:
Application data:
warn: Microsoft.AspNetCore.DataProtection.Repositories.FileSystemxmlRepository[66]
Storing keys in a directory '/root/.aspnet/DataProtection-Keys' that may not be persisted outside of the container
. Protected data will be unavailable when container is destroyed.
warn: Microsoft.AspNetCore.DataProtection.KeyManagement.XmlKeyManager[35]
No XML encryptor configured. Key {dufbbues-227c-u3da-8bea-5f28ca523508d} may be persisted to storage in unencrypted
form.
info: Microsoft.Hosting.Lifetime[14]
Now listening on: http://[::]1:86
info: Microsoft.Hosting.Lifetime[8]
Application star Press Ctrl+C to shut down.
info: Microsoft.Hostin fetime[0]
Hosting environment: Production
info: Microsoft.Hosting.Lifetime[@]
Content root path: /app
Creating Node Managers.

Once the app has started now, we can access the app by using the URL
as http://localhost:88/ and the app can be viewed as below:
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https://hub.docker.com/r/digiwells/ddhubdemoappwebserver
http://localhost:88/

This web

ting { buiding dest files, to be used in an OPC-UA emviranment. Ressources can be found on the projecs Gittub repository
You can’ explore the vocabulary, play with a DDHub server, edit your own manifest and play with a sowics serves

DD
HUB

S iRt~ s TITIDY

» Step 3: Run the OPC-UA server

Once the app is accessed now, we need to go to the Rig set-up section to run the OPC-UA server and
the same is depicted below:

& C (@ ocahostss/advanced

B¢ 3 |
DDHub server Source server

Rig signals

You can configure here your g real-time signais sel-up. Only these signals Inal can ulimately be megped 1o an cpenLAB smulation are made available in Iis form. You can choose to load a default predefined set-ug:
modify it or load & randomiy generated one. Once the set-up 15 edited, you can attach 10 an openLAB simulation: an OPC-UA server will be starled that corresponds 1o the sel-up, and you can then mpect the associated
manifest into the main DDHub server

Obfuscate signals

Inject manifest info server

Rig signals

Simulation

JSon

» Step 4: Connect to OpenLab running simulation using API key
After starting the OPC-UA source server we now need to connect to the OpenLab drilling simulator.
For this we would be needing the API key which can be found out in the OpenLab software by going
to the setting section available under the profile icon present in the upper right corner of the app. When

clicking the settings option, we can see the section to generate an API key and on clicking that, the API
key generated is displayed below:
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Your APl Key

4E49E8F36FCFDE22B0D17DF54714B359B63ECF7B8F372FFASSA
CBCDGBA2577ES

B Copy to clipboard

APl Key

The generated key provides access to the OpenLab API from
an external program like matlab or python

Copy this key to your clipboard and paste it into your client-
program when reguested.

Don't share this key with anyone else!

Now that we have the API key, we need to enter it into DDHub server’s simulation section. With the
API key we also need to enter our email ID which is associated with our OpenLab account, and click
on the connect to OpenLab tab. This is shown in the image below:

DDHub server

Start OPC UA source server Inject manifest into server

Rig signals

Simulation

Credentials
Email

ragrawai@uwyo edu
AP key

Connect 1o openl AB

Configuration and simulations

Select your configuration and smulations
Configuration Simulation Status. ConnectDelete

Simulation from Pyihen Completed

Rami 27 Complated

Rami 25 Completed

FRami 21 Completed

Once we are connected to OpenLab we can see all out completed and ongoing simulation in the
configuration and simulation section as shown above.

» Step 5: Reading the data in real-time from OPC UA server and plotting
Our team developed a Python code to read the data in real-time, and we were able to plot the same.
The actual code will be included in a separate appendix at the end of this document, and the plots are
displayed as below:
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7.

™ BitDepth wos SPP SurfaceRPM DownholeECD

Project Management
7.1.  Gantt Chart

Table 7 Gantt Chart- Phase [

Fall 2023 (Month, Week #)

Tasks Task Oct | Oct | Oct | Oct Nov Nov Nov Nov Dec | Dec | Dec
Owner 1 2 3 4 1 2 3 4 1 2 3
th se Project Scope and Brainstorming Team
. . Ayat, Rami,

OpenLab and Simulator Practices Romy

Well Control Training and Ayat,

Certification Romy

Besig Machine Learning Model Rami,
g and D-WIS Study Romy
Literature and Background Andrea,

Research Ayat

Ayat,

Monthly and Phase | Reports Romy *

7.2.  Project Finance and Budget

For project financing and budgeting, the team's concern is the costs and benefits of implementing
the automation system. For this, the assumption is a daily drilling rig rate of $20,000 a day. For
drilling fluids, oil-based mud (OBM) costs $100 a barrel, and synthetic mud costs $200 a barrel.

Automation in drilling operations is a significant advancement that improves efficiency, safety,
and project economics. Automated drilling systems reduce the need for manual labor, potentially
lowering labor costs and associated man-hours. However, there is an increased demand for
power, which affects fuel costs. Material costs shift towards automation components such as
control systems and wiring. The permitting process remains consistent, but waste disposal
practices can be improved due to increased operational efficiency. Automation also reduces
transportation costs by eliminating the need for personnel transportation. This shift enhances
project economics and aligns with environmental sustainability objectives. The table below
(Table 8) provides a general overview. Actual cost implications will depend on factors such as
the level of automation, technology efficiency, and drilling operation specifics.
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Table 8 Standard vs. Automated Drilling Cost Items

Item Standard Drilling Automated Drilling
e  Positions: Drillers, e  Reduction in positions: Fewer drillers and
Roughnecks, Crew roughnecks
L t >
abor Cos e  Man Hours: Reliant on human e  Man Hours: Reduced reliance on human
labor labor
Fuel Cost Traditional fuel consumption Automation parts may require additional power

Materials Cost

Traditional materials for drilling
equipment

Control systems, wiring, and automation
components

Permitting Standard permitting processes Similar permitting requirements
Waste Disposal Waste generated from drilling operations | Potentially less waste due to automation efficiency
. Environmental considerations for waste Reduced footprint, HSE hazards, and green gasses
Environmental . ..
disposal emission

Transportation Transportation of personnel and .

P ISP p Reduced need for personnel transportation

Cost equipment
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Appendix

import dash
import asyncio
import threading
import plotly.graph objs as go
from dash import dcc, html
from asyncua import Client
from dash.dependencies import Input, Output
from plotly.subplots import make subplots
app = dash.Dash(__name )
data_variables = ["TD", "BitDepth", "WOB", "SPP", "SurfaceRPM", "DownholeECD"]
data_dict = {var: [] for var in data_variables}
async def dict_format(keys, values):
return dict(zip(keys, values))
async def collect_data():
while True:
url = "opc.tcp://localhost:48031/"
client = Client(url=url)
client.session_timeout = 600000
try:
async with client:
data_list =]
for i in range(len(data_variables)):
myvar = await client.nodes.root.get child(
["0:Objects", "0:Variables", "2:{}".format(data_variables[i])]
)
val = await myvar.get_value()
data_list.append(val)
data_dict[data_variables[i]].append(val)
print(await dict format(data_variables, data_list))
except Exception as e:
print(f"Error: {str(e)}")
await asyncio.sleep(1.5)
@app.callback(
Output("live-update-graph", "figure"), [Input("interval-component", "n_intervals")]
)
defupdate live graph(n_intervals):
fig = make subplots(
rows=1,
cols=len(data_variables),
subplot_titles=data variables,
row_heights=[0.8],
vertical _spacing=0.1,
)
for i, var in enumerate(data_variables):
fig.add_trace(
go.Scatter(
x=list(range(len(data_dict[var]))),
y=data_dict[var],
mode="lines+markers",

name=var,
yaxis="y" + str(i + 1), # Assign a separate y-axis for each subplot
),
row=1,
col=1+1,

)9

# Reverse the y-axis
fig.update layout(yaxis=dict(autorange="reversed")) # Reverse the y-axis
try:

# Update x-axis range based on data length

x_range = [0, len(data_dict[var])]

fig.update xaxes(range=x_range, row=1, col=i + 1)

# Calculate a buffer for the y-axis range

y_buffer = 0.1 * (max(data_dict[var]) - min(data_dict[var]))
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# Update y-axis range gradually
y_min = min(data_dict[var]) - y_buffer
y_max = max(data_dict[var]) +y_buffer
y_range = [y min, y max]
fig.update yaxes(range=y_range, row=1, col=i + 1)
except:
pass
return fig
if name ==" main ":
app.layout = html.Div(

dec.Graph(
id="live-update-graph",
style={"width": "100%", "height": "100%"},
))
dcc.Interval(
id="interval-component", interval=1500, n_intervals=0 # in milliseconds

)s

],
style={"width": "100%", "height": "90vh"},
)

# Start the asyncio event loop in a separate thread

async_loop = asyncio.new_event_loop()

asyncio.set_event loop(async_loop)

asyncio_thread = threading.Thread(
target=async_loop.run_until_complete, args=(collect data(),)

)

asyncio_thread.start()

# Start the Dash web server
app.run_server(debug=True)
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