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Abstract 

The industry down-time from the second half of 2013 and corona pandemic has effectively 

turned most companies into introduction of new technologies and digitalization. The 

industrial landscape is undergoing innovation, leading organizations to embrace fresh 

strategies in order to leverage emerging technologies. 

Automation and automated work processes through the digital technologies are expanding 

through the life cycle of assets. The prevailing trend indicates that the competitive 

advantage of successful adapters is linked to automation, increase efficiency and safety, and 

add value to the asset. eDrilling is a global AI and digital twin software provider for the life 

cycle of drilling with mathematical- based model that represents the physical assets as the 

core technology. The suite of products comprises a transient hydraulic model, a mechanical 

torque and drag model, and a thermodynamic model. The models are embedded together 

which creates digital twin of a wellbore, in order to predict and optimize the drilling 

performance. The company is moving ahead with technology trend and recently developed a 

real-time parameter optimization software for drilling and tripping operations. This software 

leverages the concept of a digital twin, which is continuously calibrated in real-time, and 

perform lookahead simulations to optimize drilling parameters. 

This thesis focuses on investigating the optimization of drilling parameters using the 

wellGuide software and its impact on work performance. The drilling process involves 

numerous variables that continuously and dynamically interact with each other. The study 

specifically examines the parameters optimized by the wellGuide software and their value-

added impact on asset performance.  

In order to evaluate the effectiveness of the software, field data obtained from real drilling 

operations is utilized. The lookahead simulations are subsequently analysed to assess their 

impact on value creation and work processes, as well as to gain insights into system design, 

human-machine interface, and the technical aspects of the wellGuide package. By 

examining relevant research papers and functional descriptions, a comprehensive 

exploration of the theoretical and practical considerations pertaining to the software and its 

functionalities is conducted. The findings and recommendations derived from this analysis 

are then discussed.  
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1 Introduction  

1.1 Background 

With the advent of the digital age, the utilization of drilling digitalization and automation 

technologies has significantly increased. Initially, these technologies were applied to 

individual equipment pieces on the rig floor. However, in recent years, advanced solutions 

and applications have been developed to assist and guide drilling teams throughout the entire 

drilling process. The ultimate objective of digitalization and automation is to enhance safety, 

reduce costs, and improve overall performance. 

The future vision entails achieving fully autonomous drilling operations, and digitalization 

plays a vital role in making this a reality. However, there are still several crucial steps that 

need to be taken before fully autonomous drilling can be implemented in a robust and reliable 

manner. These steps include addressing issues related to data sharing and quality, 

standardizing data formats, establishing trust in the system, handling unexpected situations, 

and ensuring the availability of experts to operate such systems. Furthermore, achieving fully 

autonomous drilling necessitates a close integration and seamless connection between surface 

machinery and downhole systems. Notably, older rigs often require substantial investments to 

be upgraded for automated drilling solutions, which can delay the automation or even semi-

automation of drilling rigs. 

To address these limitations and propel the digitalization and automation journey forward, 

eDrilling has taken the initiative to develop an automated real-time drilling optimization 

advisory system known as wellGuide. This solution serves as an automated advisory system 

that achieves the same objectives without the need for complete replacement or significant 

modifications. By leveraging wellGuide, potential savings can be achieved through reduced 

operational time, improved safety, and decreased reliance on experts (Lahlou et al., 2021). 

1.1.1 Drilling efficiency considerations 

As drilling activities continue to expand into more challenging environments, it becomes 

crucial to increase drilling efficiency in order to maintain lower operational costs. While the 

rate of penetration (ROP) is often discussed as a key factor in drilling efficiency, it should 
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not be viewed as the sole indicator, but rather as as one among several drilling parameters, 

collectively influencing drilling efficiency (Mensa-Wilmot et al., 2010). 

To improve drilling efficiency, it is essential to consider drilling parameters in a holistic 

manner, recognizing their interdependencies. Modifying any drilling parameter can have 

implications for other parameters, and in the worst-case scenario, can lead to operational 

issues and increased non-productive time (NPT) (Mensa-Wilmot et al., 2010). 

To attain drilling efficiency, emphasis should be placed on achieving the lowest cost per 

section. Therefore, efforts to increase ROP and tripping velocities must be undertaken in 

conjunction with the optimization of other drilling parameters. These include flow rate, 

rotational speed, efficient hole cleaning, maintaining formation integrity, managing 

maximum equivalent circulating density (ECD) and surface pressure parameters, and 

adhering to tool limitations. 

However, it is important to note that the conclusions may vary when dividing NPT and 

drilling efficiency by function and considering their related consequences. Excluding factors 

such as the rig, tools, and geological events, many drilling events and efficiency aspects can 

be linked to planned drilling parameter. Therefore, the utilization of real-time drilling 

software becomes critical in predicting drilling parameters, monitoring their values, and 

making adjustments accordingly to mitigate NPT events and improve drilling efficiency 

(Mensa-Wilmot et al., 2010). 

 

1.2 The need of advanced and cost effective technology 

In order to achieve economic benefits, drilling companies require advanced and cost-effective 

technologies to assist in lowering overall costs during the planning and execution of drilling 

operations. The time taken for planning and executing drilling processes is crucial for 

evaluating performance and budgeting. As the majority of drilling operation costs are time-

dependent, reducing the time required directly correlates to cost reduction. Oil companies aim 

to measure and compare operational time while reducing incidents and the number of drilling 

operational days. Increasing the rate of penetration (ROP) and tripping velocity while 

ensuring well safety is a proactive approach to driving down operational costs. 
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Many operators of drilling projects have effectively controlled capital costs, specifically 

drilling expenditures, by prioritizing operational improvements. This includes reducing non-

productive time (NPT) and enhancing drilling operational parameters through the application 

of past experiences and advanced technologies. 

Drilling and completion projects typically represent 40% to 50% of the overall capital 

expenditure for each well, with approximately 70% to 80% of these expenses being time-

dependent, particularly for offshore wells. Therefore, any reduction in well delivery time 

directly contributes to cost efficiency, as long as the well is delivered within its intended 

objectives (Brun et al., 2015) 

 

Figure 1.1: McKinsey drilling toolbox: Drilling spend improvement levers across the well delivery process, 

potentials and example improvements. 

Figure 1.1 demonstrates that the primary driver for cost reduction is minimizing the reliance 

on human expertise, followed by standardizing and simplifying designs and processes. This 

can be accomplished through specialized personnel training or by utilizing advanced and 
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automated technology to perform tasks. There are numerous advantages to using advanced 

and automated technology, including the ability to swiftly execute and analyse complex tasks, 

mitigating the risk of human error, and eliminating the need for experts to operate or interpret 

the results (Brun et al., 2015). 

eDrilling is actively involved in the development and implementation of digitalization and 

digital twin solutions throughout the drilling life cycle. The focus of this thesis is to examine 

the current technology trends related to automated parameter optimization and automation in 

drilling operations, specifically by utilizing eDrilling’ s latest product, wellGuide. Through 

conducting several case studies, the thesis aims to enhance the technology and its 

effectiveness. 

The thesis has two primary objectives. Firstly, it aims to evaluate how wellGuide optimizes 

drilling parameters in real-time and provides added value to customers. Secondly, it 

investigates potential improvements to enhance the software by being more accurate. These 

improvements are crucial for adapting the product to different assets and ensuring its 

effectiveness across various operational contexts. 

1.3 Scop and objective of the thesis 

The objective of this thesis is to analyse the impact of advanced digitalization tools, with a 

specific emphasis on automation and automated drilling parameter optimization, within the 

oil and gas industry. The study is divided into two primary sections. 

Firstly, case studies are conducted to utilize and test the wellGuide software, analysing its 

impact on value creation for the customer and the automation of work processes. These case 

studies serve as a basis for further investigating how eDrilling As can innovate and enhance 

the wellGuide software. This includes a comprehensive review of the software's technical 

aspects, as well as identifying areas for improvement and exploring potential possibilities. 

The scope of the thesis encompasses highlighting important aspects of advanced 

digitalization tools in relation to automation and optimization. It aims to provide suggestions 

and potential solutions that delve into critical aspects and opportunities for further 

enhancements. By examining the impact and potential of digitalization tools, the thesis seeks 
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to shed light on the significance of automation and optimization in the oil and gas industry 

and offer insights for future improvements. 

1.4 Methodology 

The methodology employed in this thesis consisted of an extensive literature review 

encompassing research papers, web articles, and reports pertaining to digital asset 

management and digitalization in the oil and gas industry. Special attention was given to 

real-time optimization and automation in drilling technology. Attendance and presentation at 

one SPE- automation conference also provided valuable insights into the industry's current 

technology and future prospects. 

The study extensively examined eDrilling, including its history, vision, and core technology, 

through various sources such as published articles, discussions with employees, and hands-

on experience with the products. The writer also had the opportunity to be part of the 

development team working with the utilized software. Then, the study continue on case 

studies by systematically utilizing the wellGuide on the collected data that can provide 

optimized operational parameters. The case studies was from operations from two major Oil 

and Gas operators, one in Norway and one in middle east. According to Liyanage, Jawad 

(2009), case study methods offer a robust approach to investigate real-life situations, 

allowing researchers to uncover meaningful insights and contribute to a deeper 

understanding of complex phenomena. The findings from these case studies served as a 

basis for proposing further improvements to the software. 

By implementing this methodology, the thesis aimed to establish a holistic comprehension 

of the digitalization landscape within the oil and gas industry. It sought to evaluate the 

efficacy of eDrilling's software through practical implementation and offer 

recommendations for potential improvements based on the findings obtained. 

 

1.5 Limitation of the study 

It is acknowledged that no concept is universally applicable and comes without limitations, 

and the same holds true for this thesis. The scope of this thesis is confined to the eDrilling 

product, wellGuide within the context of using digital technologies for real-time automation 

and optimization of drilling parameters. 
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While considering drilling parameters, it is recognized that all surface equipment utilized 

during drilling and downhole parameters should be taken into account when developing 

digital and automated products. However, the scope of this thesis is limited in its ability to 

encompass all aspects, even though they are mentioned. Instead, the focus is placed on 

exploring the wellGuide software's capability to automate and optimize specific drilling 

parameters and how it contributes value to the business asset. 

Furthermore, due to market sensitivity and limitations, no other similar software has been 

utilized or tested in conjunction with wellGuide. As a result, the study relies on analysing 

wellGuide results in conjunction with actual operational drilling parameters and pre-planned 

simulation results performed by third party software’s. 

By acknowledging these limitations and focusing on the specified scope, this thesis aims to 

provide valuable insights into the automation and optimization of drilling parameters using 

the wellGuide software and its impact on business assets. 

 

1.6 Content of the thesis 

Chapter 1: This chapter serves as the introduction to the thesis and outlines the challenges 

and objectives that will be addressed. Additionally, the methodology used in the thesis is 

explained, and any limitations are discussed.  

Chapter 2: This chapter starting by describing shortly the relationship between Industrial 

asset management and digitalization and afterwards moving to the digitalization history in 

the oil and gas industry and use of digital twin during drilling operations in real-time. The 

chapter also takes us into the some of the most important drilling parameters that are 

necessary for wellGuide to perform automated real-time optimization simulations. 

Chapter 3: This chapter provides an overview of eDrilling, including their background, 

technology, and current offerings to the industry. The evaluation of wellGuide is carried out 

in relation to its core technology. 

Chapter 4: Case studies are presented in this chapter, analysing and discussing the added 

value brought by wellGuide for the business unit (BU) and its impact on work performance. 

The chapter also presents the findings and explores how eDrilling can enhance the DPM 

software. 
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Chapter 5: The key findings throughout the thesis, recommendations, and improvements 

regarding the software are discussed in this chapter.  

Chapter 6: The section provides an overview of the thesis, highlights key learning points, 

addresses practical challenges encountered during the research process, and outlines 

potential avenues for future work.  

Chapter 7: This final chapter concludes the thesis 
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2 Theory 

2.1 Industrial asset and digitalization 

Industrial asset management study includes digitalization and automation. Digitalization and 

automation are increasingly becoming important in industrial asset management as they 

offer opportunities to improve efficiency, reduce costs, increase reliability, and enhance 

safety. 

Digitalization involves the use of digital technologies to collect, analyse, and utilize data to 

improve asset management decision-making. This includes the use of sensors and Internet of 

Things (IoT) devices to monitor asset performance, data analytics and machine learning to 

predict and prevent asset failures, and digital twins to perform lookahead simulations, and 

optimize asset operations. 

Automation, on the other hand, involves the use of technologies to automate asset 

management processes, such as maintenance planning and scheduling, spare parts 

management, and inspection and testing. This includes the use of robotics and autonomous 

vehicles for asset inspection and maintenance, as well as the use of artificial intelligence and 

machine learning to automate decision-making processes. 

Therefore, the integration of digitalization and automation into industrial asset management 

can help organizations to achieve better results in terms of cost-effectiveness, efficiency, 

increasing safety, and sustainability. 

 

2.1.1 Intangible assets – software technology 

Within organizations, there exist various types of assets that play a crucial role in their 

operations and value creation. These assets include financial assets, physical assets, human 

assets, information assets, and intangible assets (Hastings A.J., 2010). 

Intangible assets, specifically, are a category of assets that lack a physical form but possess 

inherent value and contribute to the organization's success. These assets encompass a wide 

range of elements, ranging from customer relationships to software and technology. Despite 

their intangible nature, they hold significance for organizations as they confer a competitive 

advantage, facilitate revenue generation, and bolster market positioning. It is worth noting 
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that despite their non-physical presence, intangible assets can exert substantial influence on 

a company's financial performance and overall valuation (Nicholas A.J. Hastings, 2010). 

Effectively identifying, valuing, and managing intangible assets is vital for organizations 

seeking to safeguard their intellectual property, maintain a sustainable competitive edge, and 

foster long-term growth. By recognizing the value and potential of intangible assets, 

organizations can leverage them to enhance their market position, drive innovation, and 

create value for stakeholders.  

Therefore, organizations must prioritize the strategic management of intangible assets 

alongside other asset categories to ensure they are adequately protected, utilized, and 

optimized to maximize their contribution to organizational success.  

Liyanage et al. (2010) emphasize the significance of intangible assets and software 

technologies in their work titled "Smart Assets Through Digital Capabilities." They 

emphasize the role of real-time monitoring, 3D visualization, process automation, smart 

sensors, and online communication as integral components of smart assets. The integration 

of these advanced technologies into operations enhances the ability to collect, analyse, and 

communicate data, thereby improving the overall operational performance. This highlights 

the transformative potential of smart assets enabled by digital capabilities in optimizing 

asset utilization, decision-making, and operational efficiency. 

 

2.1.2 The need for digitalization and automation 

In today's highly competitive business environment, there is a strong emphasis on improving 

operational efficiencies, reducing costs, and optimizing processes. These initiatives are 

designed to enhance productivity, streamline operations, and maximize return on 

investment. However, it is crucial to acknowledge and prioritize the importance of 

maintaining a strong commitment to safety throughout these ventures (Asset management 

lectures by Liyanage, 2020). 

Achieving a harmonious balance between operational efficiency and safety is paramount, 

especially in industries where safety-critical systems are involved. Major accidents in 

various industrial sectors, including the oil and gas industry, have demonstrated the 

significant role that human error can play (Asset management lectures by Liyanage, 2021). 
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For instance, the Piper Alpha disaster in July 1988 resulted in the loss of 167 lives when a 

major explosion and subsequent fire occurred on Occidental's platform in the North Sea. 

According to Redmill (1997), human error can contribute to failures in several ways: 

- Direct failures or indirect failures resulting from human actions or decisions. 

- The response and decision-making process when individuals become aware of 

potential dangers. 

- Actions taken during emergency situations. 

- Latent failures, which can arise from management decisions that create work 

conditions conducive to failure. 

Understanding the various dimensions of human error and its potential impact on safety is 

crucial for developing effective safety strategies and practices. Human being are considered 

as an unreliable components of the total system and at the extreme approaches proposed, to 

remove human failure is to remove the human factors entirely through automation, Redmill 

(2010). An alternative, more widespread and accepted, view is to improve human reliability 

through better ergonomic design of the workplace or the human machine interface (HMI), 

Redmill (2010).  

Digitalization and digital twins playing a very important role in term of automation, 

operational efficiency and increased safety. The ongoing digitalization of equipment, 

instruments has brought about significant advancements in metering, measurement, 

automation, and control processes. These advancements have revolutionized daily 

operations by providing better information for decision-making, leading to improved 

recovery rates even in complex environments. Behind the scenes, artificial intelligence plays 

a crucial role in managing activities related to identifying model irregularities, addressing 

uncertainties, and enhancing forecasting and risk assessment capabilities, Cenk, et al (2019). 

 

2.1.2.1 Automation 

The concept of removing human involvement through automation is often regarded as a 

means to mitigate risk. However, it is important to note that automation may not entirely 

eliminate human error and can potentially introduce new sources of human unreliability. 

According to Redmill (1997) following are important when designing the new system 
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• The designer has more opportunity to introduce errors into the system during the 

design process 

• The operator still has to do those tasks which the designer has not been able to 

automate 

• The role of the operator is transformed into that of a supervisory monitor of an 

automated system, albeit with limited information about the system itself. (“Humans 

typically struggle with tasks that demand prolonged periods of vigilance, making 

continuous monitoring challenging”) 

• The operator may become de-skilled and yet be expected to intervene when the 

automated system fails. 

 

2.1.2.2 HMI (Human machine interface) 

According to Redmill (2010), human errors often occur due to a mismatch between the task 

requirements, the physical capabilities of individuals, and the characteristics of the interface 

provided to facilitate task execution. 

User friendly HMI is necessary to improve the interaction between humans and machines, 

enhancing usability, efficiency, and safety. Intuitive interfaces, interactive displays, and 

alarm management systems should be considered in the design to minimize cognitive 

overload, facilitate effective communication, and reduce the likelihood of human errors 

(Chang and Wu, 2019). 

 

2.2 Digital oil field 

The history of digital oil field technology in drilling operations can be traced back to the 

1990s when smart downhole sensors were developed to collect data [46]. In order to achieve 

safe, reliable, and efficient operations, many oil and gas industries have established real-

time operation centres as a strategic tool. These centres, such as the Onshore Drilling Center 

(ODC) at ConocoPhillips, the Onshore Integrated Operations Centre (IOC) at Equinor, and 

Smart Fields at Shell, embody the concept of digitalization in the E&P industry. 

Digitalization is increasingly necessary to improve safety, add value, and reduce emissions. 

The digitalization of the oil and gas industry is expected to follow the same trend as other 

industries and continue to grow in the coming years. The digital oilfield market is divided 
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into hardware, software, and data storage, with hardware currently dominating the market as 

of 2021 [28]. The purpose of using software is to digitalize work processes, enhance 

efficiency, and automate tasks by reducing manual and repetitive work. Software is also 

utilized for remote control, analysis of complex data, and to support better decision-making. 

Furthermore, software solutions contribute to improved safety and security by enabling 

better decision-making, reducing risks, and adding value to assets. 

Data storage plays a crucial role in accelerating digital transformation. It is essential for data 

to be easily accessible to all team members and partners involved in the project, facilitating 

seamless digital transformation and automation. Cloud storage solutions enable 

organizations to store, access, and maintain data that can be readily shared among all 

stakeholders in the projects. 

 

2.2.1 Digital Twin 

The automation of operations in the drilling industry is supported by various software 

categories, with one frequently utilized category being artificial intelligence (AI) and digital 

twins. The concept of the digital twin was first introduced by Dr. Michael Grieves during his 

Executive Course on Product Lifecycle Management at the University of Michigan in 2002. 

According to Dr. Grieves (2021), a digital twin is defined as the connection between a 

physical model and a digital model, where data collected from the physical space is utilized 

to populate the virtual space and enable informed decision-making. Presently, we are in the 

nascent stage of the digital twin era, where available data can be gathered and employed to 

generate virtual representations and simulate real-world environments. However, in order to 

advance further, it is crucial to automate the collection and integration of this information. 

As per SINTEF (2022), a digital twin is a representation of a physical object or process that 

encompasses not only its static characteristics but also its dynamic behaviour over time. By 

recording and analysing the behaviour of the physical object over time, digital twins can 

anticipate future maintenance needs and improvements. 

Nadhan (2018) describes digital twin technology as a virtual representation of an asset, 

serving as a digital copy of a physical system that connects the digital and physical worlds. 

Comparing actual data from the well with simulation outputs from digital twins enables the 

early detection of abnormalities before they become serious. Digital twins also provide 
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automatic diagnostic alarms and suggestions on how to proceed in case of abnormalities, 

increasing safety, efficiency, and reducing potential downtime in operations. 

 

2.3 The general concept and planning of drilling operations 

Planning drilling operations can occur at both the concept and detailed engineering levels. In 

the concept level, a general drilling plan is developed to fulfil the project's objectives and 

goals. During this stage, various drilling methods, equipment, and materials are evaluated, 

and different technologies are tested and compared to determine their feasibility. The 

drilling technologies are also assessed in relation to completion, reservoir management, and 

production goals and constraints to achieve an optimal solution that meets all requirements. 

Once the selections are made and a Basic of Design (BOD) document is created, the 

engineering work can begin, Semwogerere (2021). 

At the engineering level, planning for drilling involves considering detailed technical and 

operational factors to ensure the successful execution of the project. The results of the 

detailed engineering analysis are incorporated into a drilling plan framework that can be 

applied to most wells in the field and align with available equipment specifications. The 

goal is to standardize the well equipment and tools across the entire field, which simplifies 

planning, logistics, reduces lead times, requires less personnel training, and provides 

economic benefits. 

 

2.4 Drilling parameters optimization in real-time 

Drilling in the oil and gas industry involves creating a wellbore in the earth's subsurface to 

extract oil or natural gas. This process is typically carried out using a drilling rig, which can 

be located onshore or offshore, depending on the location of the reservoir. During drilling, 

various parameters are closely monitored and optimized to ensure safe and efficient 

operations. These parameters include rate of penetration (ROP), flow rate, revolutions per 

minute (RPM), weight on bit (WOB), tripping velocity, and drilling fluid properties. 

The optimization of drilling parameters involves analysing the behaviour of the well, 

including data from downhole tools, equivalent circulating density (ECD), geothermal 

pressure, torque, WOB, hook load, and surface pump pressure (SPP). This analysis can be 
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done manually by experts who examine available plots and data to make adjustments based 

on their experience or by running simulations. Alternatively, advanced real-time software 

technology can automatically optimize parameters throughout the entire operation, 

eliminating the need for constant expert supervision. 

However, the digitalization of drilling operations requires a gradual implementation process 

that considers the specific requirements and operational needs of the rig. It's important to 

recognize that attempting to digitalize all processes at once, especially in complex and 

costly projects, can lead to failures. Underestimating the need for stepwise automation and 

the manual support required during these processes is a common mistake. Achieving fully 

digitalized operations often involves integrating new technologies like machine learning, 

artificial intelligence, and digital twins in a carefully planned and phased manner. 

 

2.4.1 Transient hydraulic models – lookahead-simulations 

A drilling and tripping advisor application is a software tool designed to provide guidance 

and recommendations during drilling and tripping operations. It utilizes real-time data from 

various sensors and drilling parameters to analyse the drilling process and offer optimization 

suggestions. The application can assist in well planning, monitoring drilling parameters, 

detecting anomalies or issues, and providing recommendations to improve drilling 

efficiency. 

In the realm of real-time monitoring systems and parameter optimization solutions, 

numerous providers exist. However, the majority of these solutions rely on steady-state 

models, with only a few incorporating three closely interconnected real-time dynamic 

models (hydraulic, mechanical, and thermodynamic) that continually interact with one 

another. These models continuously evaluate drilling performance, borehole conditions, and 

associated risks by detecting real-time indicators and delivering automated notifications to 

users. Furthermore, the models can conduct forward-looking simulations to anticipate 

operational issues ahead of time and offer real-time optimized parameters (Ødegaard, S., et 

al., 2023). 

These systems can be integrated either at the rig site or run in the cloud for easier 

accessibility and scalability, and lower deployment costs. Regardless of the chosen solution, 

the models require a set of hybrid input data comprising static, semi-static, and real-time 
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parameters (Forshaw et al., 2019; Taugbøl et al., 2021). Static data typically remains 

unchanged from the pre-job phase to the real-time phase and can be directly loaded from 

there. Semi-static data changes in real-time but at a slow pace, such as wellbore trajectory 

and mud properties. Dynamic data changes rapidly with time, including flow rate, RPM, and 

WOB. The accuracy of these models depends on the input data, particularly the dynamic 

and semi-static input data. Real-time modelling applications receive dynamic data through 

WITSML, WITS, or other data transmission providers, while mud properties can be 

received through the same source or automated fluid monitoring systems (AFM). Important 

mud properties, such as mud density, rheology, gelling, and temperature, are among the data 

used in real-time applications (Arevalo, O., et al., 2023). 

 

2.4.2 Importance of pressure gradient in drilling industry 

The concept of the drilling margin or drilling window holds significant importance in 

drilling operations. It represents the range of fluid gradients situated between the pore 

pressure gradient and the fracture pressure gradient, and in some cases, may also incorporate 

the collapse gradient. This drilling margin is essential for both the planning and execution 

phases of drilling operations. 

When the pressure in the wellbore drops below the pore pressure, there is a considerable risk 

of influx occurring, influenced by the permeability and porosity of the formation. Similarly, 

if the wellbore pressure falls below the collapse pressure, the size of the open hole 

decreases, and in severe cases, the hole may collapse, resulting in incidents like stuck pipe 

and non-productive time (NPT). In such scenarios, it may be necessary to re-drill the 

affected section. On the opposite side of the drilling margin lies the fracture gradient, 

surpassing which can lead to losses. 

To ensure a safe and controlled drilling operation, it is crucial to maintain the downhole 

mud weight within the drilling window at all times. Exceeding the window in either 

direction can cause formation fracturing, losses, influx, kicks, and wellbore instability, all of 

which result in significant operational time loss (Kvam.Ø., 2005). 

Drilling engineers and geoscientists employ various techniques, including well logs, rock 

mechanics data, and hydraulic fracturing tests, to estimate the pore gradient and fracture 

gradient of the formations being drilled. This information is used to design the drilling mud 
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program using simulation software and set appropriate drilling parameters. By utilizing 

automated real-time parameter optimization software during drilling and tripping operations, 

even more accurate modelling can be achieved, as the software receives real-time data 

updates on mud properties and pressure gradient. 

 

2.4.2.1 Pore pressure gradient 

Pore pressure (PP) plays a pivotal role in various stages of oil and gas exploration, drilling, 

and production processes (Radwan et al., 2019a, 2020a; Zhang, 2011, 2017). It is typically 

measured in pounds per square inch per foot (psi/ft) in the British system of units. The pore 

pressure gradient denotes the ratio of pore pressure to the true vertical depth at a specific 

location. 

The pore pressure gradient, also known as overburden pressure, signifies the pressure 

exerted by the weight of the rock formations above on the pore spaces within the rock 

matrix, accounting for the fluids contained within them. Pore pressure can be categorized 

into three types: normal, overpressure, and subnormal. The classification is determined by 

whether the pore pressure equals, is less than, or exceeds the hydrostatic pressure at the 

given depth, as elucidated by Radwan et al. (2020). Any deviation in pressure from the 

normal pressure is referred to as abnormal pressure. 

 

2.4.2.2 Fracture pressure gradient 

The fracture gradient represents the pressure at which a rock formation will fracture or break 

when subjected to external pressure, typically exerted by the drilling mud. It is influenced 

by the mechanical properties of the rock, such as compressive strength and tensile strength. 

The fracture gradient is calculated by dividing the fracture pressure by the true vertical 

depth. 

The fracture gradient serves as an upper limit for mud weight and holds significance in mud 

weight design and subsequent calculations of Equivalent Circulation Density (ECD). 

If the downhole mud weight, also known as Equivalent Static Density (ESD) or Equivalent 

Circulation Density (ECD), exceeds the formation's fracture gradient, the wellbore can 

experience tensile failures and fractures. This can result in lost circulation or even total loss 
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of circulation, requiring remedial actions and a re-evaluation of mud density. In severe 

cases, the wellbore's hydrostatic pressure may drop below the pore pressure, leading to fluid 

influx. Additionally, there is a risk of pipe becoming stuck. These incidents contribute to 

non-productive time (NPT), increased operational costs, and higher operational risks. 

To assess the formation's fracture pressure before drilling each section, practices such as 

Leak-Off Test (LOT) or Formation Integrity Test (FIT) are widely employed. These tests 

help evaluate the integrity of the formation and provide crucial information for proper mud 

weight management. 

 

2.4.2.3 collapse pressure gradient 

he drilling mud window is typically determined based on pore pressure and fracture pressure 

in order to prevent issues such as loss of drilling fluid, influx of formation fluids, and other 

non-productive time (NPT) and cost overruns. However, it is important to note that 

maintaining a stable wellbore cannot be guaranteed solely by controlling the downhole mud 

density or equivalent static density (ESD). Another critical parameter to consider when 

designing mud density for different sections is the collapse pressure gradient, also referred 

to as shear failure stress. 

Wellbore stability is a significant concern that must be addressed during both drilling and 

tripping operations. Borehole collapse is an undesirable event that can result in the loss of 

the drilled section, requiring the costly and time-consuming process of side-tracking and re-

drilling that particular section. Therefore, it is crucial to take into account factors such as the 

collapse pressure gradient when determining the appropriate mud density. 

To ensure wellbore stability and minimize the risk of collapse, careful consideration of these 

parameters is necessary. Proper planning and implementation, incorporating data from 

reliable sources such as the study conducted by Baouche et al. in 2022, can help optimize 

mud density and mitigate the occurrence of borehole collapse. 
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Figure 2.1: Pore pressure gradient, fracture gradient, overburden stress gradient, downhole mud weight, and 

casing shoes with depth. (Zhang,J, 2017) 

2.4.3 Mud density and Equivalent Circulation Density (ECD) 

Mud weight, also known as mud density or drilling fluid density, represents the density or 

weight of the drilling mud. Typically, it is measured in pounds per gallon (ppg) or kilograms 

per litre (kg/L). 

Mud weight plays a crucial role in drilling operations as it helps in controlling the pressure 

within the wellbore and prevents blowouts. By appropriately setting the mud weight, drilling 

engineers can balance the pressure exerted by the formation and prevent the influx of 

formation fluids (such as oil, gas, or water) into the wellbore. 

Equivalent Circulation Density (ECD) is another significant concept associated with drilling 

operations. It quantifies the effective density experienced by the wellbore during the 

circulation of drilling fluids. ECD takes into consideration both the static mud weight and 

the pressure losses resulting from friction between the drilling fluid and the wellbore. 

The ECD is calculated by adding the hydrostatic pressure and the frictional pressure losses. 

The formula to calculate ECD is: 
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ECD (psi) = Hydrostatic Pressure (psi) + Frictional Pressure Losses (psi) 

The hydrostatic pressure is determined by the mud weight and the vertical depth of the well. 

The formula to calculate hydrostatic pressure is: 

Hydrostatic Pressure (psi) = Mud Weight (ppg) × Vertical Depth (feet) × 0.052 

 

Frictional pressure losses are influenced by various factors including flow rate, the 

rheological properties of the mud, and the geometry of the wellbore. Calculating the exact 

value of frictional pressure losses is a complex task typically performed by specialized 

software. 

Furthermore, accurately predicting the equivalent circulation density (ECD) requires 

considering the pressure and temperature-dependent rheology and density. The rheology's 

dependence on pressure and temperature can be determined through laboratory 

measurements of the specific mud system or by utilizing a model based on data from similar 

mud systems. It's important to note that predicting ECD reliably also necessitates knowledge 

of the temperature distribution along the annulus, as the rheology and density of drilling 

fluids are temperature-dependent. This information helps generate a density profile for the 

well and a viscosity profile, which in turn allows for calculating the total ECD at a given 

depth using the equation provided by Rommetveit et al. (1997): 

 

 

2.4.4 Temperature and pressure effect on wellbore pressure 

In the oil and gas industry, there are various software packages available for calculating 

Equivalent Circulation Density (ECD) during drilling operations. These packages offer two 

levels of models: stationary models and transient models. Stationary models are more 

commonly used, although the use of transient models is increasing, especially in challenging 

drilling environments. 

Stationary ECD models calculate the ECD based on hydrostatic pressure and frictional 

pressure loss. Input parameters include the static temperature profile along the wellbore, and 
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mud properties depend on pressure and static temperature. The wellbore temperature is not 

significantly affected by circulation or heat exchange. It's important to note that stationary 

ECD models are more suitable for initial planning or basic assessments of ECD. They do 

not account for dynamic effects that occur during fluid circulation and drilling in the 

wellbore. However, these models provide fast calculations and can be repeated multiple 

times to study the impact of varying wellbore parameters such as geometry, bottom hole 

assembly (BHA), or fluid properties. 

Transient or dynamic ECD modelling is becoming more important in high-pressure, high-

temperature (HPHT) wells, especially in scenarios like resuming circulation after a 

stationary period in critical zones or within a narrow operational window. Several factors, in 

addition to hydrostatic pressure and friction pressure loss, affect ECD calculations in 

transient models. For instance, during longer static periods, the well temperature approaches 

the geothermal temperature. When circulation starts, the lower part of the annulus is cooled 

down by cold mud pumped down through the drill string, while the upper part is heated up 

by hot mud moving upward in the annulus. This phase leads to rapid changes in mud 

density, rheology, and subsequently, well pressure, as mud expands due to heat and 

compresses under pressure (Rommetveit et al., 1997). 

“If the well is temperature-dominated, the density of the drilling fluid” (Skalle, 2013) 

decreases with depth, resulting in lower hydrostatic pressure compared to calculations and 

measurements performed at surface conditions. During pump shutdown, the lower part of 

the well experiences temperature increase over time, while the upper part cools down. In 

general, the effect of temperature increase outweighs the cooling effect, leading to lower 

hydrostatic pressure. Failure to consider these effects during mud design or hydraulic 

simulations can potentially result in a kick situation in the well (Skalle, 2013). Conversely, 

in a pressure-dominated well, the mud is compressed, leading to increased mud density in 

the wellbore, which can cause higher well pressure and fluid loss into formations. These 

effects work in the opposite direction to temperature effects. In some cases, pressure and 

temperature effects may neutralize each other, resulting in a zero net effect (McMordie, 

Bland, & Hauser, 1982). 

Heat transfer and frictional heating are also crucial during drilling operations. Pumping mud 

down the drill string and up through the annulus not only disrupts the natural geothermal 

temperature distribution but also induces complex heat transfer between the circulating fluid 
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and the surrounding rocks, casing, cement, riser, and seawater. Most drilling fluids exhibit 

non-Newtonian rheological properties and are thixotropic and shear-thinning. This means 

that mud rheology depends not only on temperature and pressure but also on shear history. 

Rapidly increasing mud pumps after static periods can result in ECD/pressure spikes in the 

well as gels break down, while mud viscosity decreases significantly over a time interval 

similar to one bottom-up circulation (Rommetveit et al., 1997). 

 

2.4.5 Rate of penetration (ROP) 

Drilling operations are known for being costly in the oil and gas industry, and the capital 

expenditure (CAPEX) associated with drilling increases significantly when non-productive 

time (NPT) occurs due to poor and inefficient drilling practices. NPT can account for as 

much as one-third of the total operational expenditure of a rig (Ramba et al., 2021). 

Additionally, inefficient and poor Rate of Penetration (ROP) is estimated to contribute to 

approximately 15% of the total drilling cost (Chandrasekaran et al., 2020). As a result, 

achieving optimal ROP has always been a priority for drilling teams and operating 

companies. 

ROP serves as a primary measure of drilling efficiency and plays a crucial role in enhancing 

safety, reducing carbon footprint, and lowering overall capital expenditure (CAPEX) (Cao et 

al., 2022). However, ROP is dependent on various other parameters, and the relationship 

between these parameters is complex and nonlinear. Nonlinearity in ROP can be attributed 

to factors such as section type, well trajectory, mud type and viscosity, cuttings size and 

shape, and formation types. Therefore, optimizing ROP requires a robust model that can 

assess ROP in combination with other drilling parameters while maintaining operational 

safety (Zhou et al., 2023). 

 

2.4.5.1 ROP optimization 

The most significant parameters that influence the Rate of Penetration (ROP) in drilling 

operations are Weight on Bit (WOB), Rotations Per Minute (RPM), flow rate, drill string 

characteristics, and the type of drill bit used. To optimize ROP, the model must search for 

the optimal combination of drilling parameters, which can then be adjusted accordingly 

during actual drilling operations (Cao et al., 2022). 
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To enhance drilling efficiency, the relationship between ROP and corresponding drilling 

parameters has been analysed under certain assumptions. In the case of perfect hole 

cleaning, the relationship between ROP and WOB is assumed to be quadratic (Maurer, 

1962). However, as drilling operations become more complex, involving longer and 

horizontal wells, achieving proper hole cleaning becomes a major challenge that must be 

considered alongside ROP optimization. Similarly, the relationship between ROP and RPM 

is assumed to be linear under ideal hole conditions (Maurer, 1962; Bourgoyne et al., 1986), 

but this relationship may deviate after reaching specific points due to reduced energy 

transfer to the drill bit (Cao et al., 2022). Nonetheless, a field study has shown that the 

relationship between ROP, RPM, and WOB is more complex, with softer formations being 

more sensitive to RPM variations, while harder formations tend to be more sensitive to 

WOB (Syaed et al., 2018). Flow rate impacts hole cleaning, bottom hole pressure, and bit 

wear, among other factors, but quantifying the direct relationship between flow rate and 

ROP is not straightforward. 

Traditionally, drilling operators have relied on experience or duplicated best practices from 

previous wells to guide drilling parameters for current or future wells. This involves 

considering the drilling assembly, drill bit selection, and other relevant systems. In other 

words, operational parameters heavily rely on field experience, knowledge sharing, and 

knowledge transfer across different business units and organizations. 

Given that these variables are continuously and dynamically changing, it is challenging to 

quantify the individual effects of different parameters at any given time. However, 

mathematical models based on physical properties can provide better predictions of the 

relationship between flow rate, RPM, and ROP, especially in terms of efficient hole 

cleaning.  

 

2.4.6 Optimize axial Velocities during tripping 

Non-productive time in well operations can arise due to various factors, leading to delays, 

problems, increased risk, and higher costs. Issues like lost circulation, formation influx, 

pack-offs, and stuck pipe events contribute to these challenges. In certain instances, these 

situations can escalate into critical events that necessitate costly and undesirable technical 

interventions. Tripping operations, although necessary for drilling operations, are considered 

non-productive time in terms of drilling progress. In extreme cases, tripping operations can 
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consume a significant portion of overall well construction time, accounting for up to 30% of 

the total duration. This includes planned tripping as well as interruptions caused by 

operational problems like tool failures. Tripping operations can be divided into two main 

components: connection time and the time spent moving pipes up and down the wellbore. 

Both aspects are important Key Performance Indicators (KPIs) in well operations. The 

connection procedure can be optimized through process automation on the rig floor. 

However, optimizing the tripping process itself, involving the movement of pipes in and out 

of the wellbore, is more complex and requires considering numerous parameters. These 

parameters include drilling fluid properties, wellbore trajectory, wellbore geometry, and drill 

string design. Therefore, optimizing tripping velocity requires advanced systems that take all 

these factors into account during velocity optimization processes (Arevalo, O., et al., 2023). 

The utilization of real-time digital twins of the wellbore has significantly increased in the 

past decade. Some digital twins now offer forward-looking simulations that can be used to 

optimize tripping velocity for the next pipe stand or within a specific depth interval. These 

digital twins are based on transient hydraulic models. During real-time operations, these 

models are fed with actual data from the rig, and the movement of the drill string is 

simulated to replicate the equivalent pressure wave generated by the motion. Most planning 

phase models, on the other hand, are steady-state models that rarely account for the velocity 

of the drill string during tripping operations. As a result, these models do not accurately 

capture the dynamic pressure waves created during acceleration and deceleration of the 

string movement (Arevalo, O., et al., 2023). 

The illustration below depicts relatively smooth block position movement, while oscillations 

are observed in the bit velocity due to the acceleration when the bit starts moving. The same 

effect is visible in the equivalent mud weight (EMW) and the swab effect caused by the bit 

movement. 
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Figure 2.2: presents an excerpt of a POOH operation for one stand. The values at-bit have been estimated 

while the equivalent mud weight has been derived from pressure while drilling (PWD) service deployed in the 

run (Arevalo, O., et al., 2023) 

 

The figure provided by Arevalo (Arevalo, O., et al., 2023) compares the outcomes of steady-

state models versus transient hydraulic models when considering the drill string velocity. In 

the lift plot, it is evident that the steady-state model suggests a higher maximum allowable 

speed. However, the results in the right plot indicate that the equivalent mud weight (EMW) 

exceeds the fracture pressure. Relying on such models to simulate tripping velocity within a 

narrow downhole pressure window can result in losses during the process of running in hole 

(RIH) operations and can lead to a swabbed kick during pulling out of hole (POOH) 

operations. 
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Figure 2.3: presents a comparison of the equivalent mud weight and tripping speed for a RIH scenario with and 

without acceleration effects (Arevalo, O., et al., 2023) 

 

As described in section 2.3.3, the transient hydraulic models encompass the impact of 

temperature and pressure on fluid properties along the wellbore. This consideration is 

essential for enhancing the accuracy of the equivalent mud weight (EMW). Moreover, these 

models incorporate the acceleration of the drill string at the surface and its effects on the 

wellbore, particularly in relation to the bit. By incorporating these factors, the transient 

hydraulic models offer a more comprehensive and precise depiction of fluid dynamics during 

drilling operations (Arevalo, O., et al., 2023). 
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3 Introduction of wellGuide software/eDrilling AS 

3.1 Intro 

eDrilling AS is a globally recognized provider of digital twin technology, and predictive 

analytics for the energy industry. Their software solutions are primarily utilized in well 

construction operations to achieve cost savings, enhance safety, and improve overall 

operational efficiency and sustainability (eDrilling, 2022). 

The company's vision originated in the late 1990s, with the goal of creating a "GPS" or 

"Google Maps" equivalent for drilling operations (eDrilling, 2021). This led to the 

development of the digital twin concept, which encompasses the entire life cycle of drilling 

operations. The digital twin serves as a virtual representation of the wellbore and integrates 

three key models: hydraulic, mechanical, and thermodynamic. These models are further 

augmented with 3D graphics and automated alarm systems that trigger in the event of 

abnormalities. Throughout the drilling value chain, these interconnected models work 

together, providing valuable insights (eDrilling, 2022). 

The core technology behind eDrilling's software solutions is rooted in mathematical 

models developed by Sintef over the years. This has enabled eDrilling to offer high-quality 

and accurate modeling software, setting them apart in the drilling industry. 

 

Figure 3.1: eDrilling journey on the digitalization and automation of drilling process 

Source: (eDrilling, 2023) 
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3.2 Products - wellPlanner 

The wellPlanner™ software is a planning tool that utilizes digital twin technology to 

integrate transient hydraulic, mechanical, and thermodynamic models. It comprises several 

modules, including hydraulic simulations, torque and drag analyses, well control 

simulations, and kick tolerance. The software can be installed on local computers or 

accessed as a cloud-based solution, making it adaptable to standalone or multi-user 

environments and scalable from individual users to enterprise-wide systems. Furthermore, 

the DHT and TD modules are offered as microservices with an Application Programming 

Interface (API), allowing for easy task automation and seamless integration with new and 

existing third-party software. As depicted below, module 1 is dedicated to hydraulic 

simulations, module 2 is utilized for torque and drag analyses, module 3 is employed for 

kick evaluation, and module 4 is specifically designed for kick tolerance assessments 

(eDrilling 2023). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: eDrilling wellPlanner™ modules 

Source: (eDrilling, 2022)  

1 3 

2 4 
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3.3 Products - wellSim 

The wellSim™ software serves as a comprehensive simulator suite for the engineering and 

training of various well engineering disciplines. It leverages advanced downhole simulation 

capabilities, incorporating models for rate of penetration (ROP), hydraulics, temperature, 

and dynamic torque and drag. The torque and drag model is integrated with the ROP model 

to enable calculations of ROP and weight on bit (WOB) based on formation properties. The 

wellSim, along with other eDrilling software applications, functions as a virtual replica of 

the well, accounting for dynamic changes such as temperature and pressure variations, 

acceleration/deceleration, and gel development over time. It incorporates a reservoir model 

within the two-phase hydraulic model to simulate influx behaviour, allowing for analysis of 

gas behaviour, gas migration, and the presence of dissolved and free gas during kill 

operations at different time intervals. The wellSim can be integrated with any third-party 

topside drilling simulator. Presently, the wellSim is bundled with a Virtual Reality (VR) 

topside simulator for collaborative training of rig floor teams (wellSim™ hidrill) and a 

simpler drilling control desktop interface (wellSim™ Interact) (Blikra. B., et al., 2014). 

Furthermore, the software is utilized to test and verify third-party equipment in a safe and 

cost-effective environment, such as evaluating the performance of Managed Pressure 

Drilling (MPD) chokes, Dual Gradient Drilling (DGD) to name some (eDrilling 2023).  

The figure presented below displays the graphical user interfaces (GUIs) and 3D 

visualizations integrated within the wellSim product. 

 

 

 

 

 

Figure 3.3: eDrilling wellSim™ family 

Figure 3.3: eDrilling wellSim™ modules 

Source: (eDrilling, 2022)  

 

 



29 
 

3.4 Products - wellBalance 

The software known as wəllBalance™ is specifically designed for use during managed 

pressure drilling (MPD) operations. It serves the purpose of enhancing the control system of 

MPD operations to maintain a constant well pressure at any chosen depth in real-time. The 

offline model of wəllBalance is utilized for planning, training, testing third-party MPD 

equipment, as well as conducting risk and sensitivity analyses (eDrilling 2023 & Petersen. 

J., et al., 2008). 

By incorporating wəllBalance into MPD operations, operators can achieve improved control 

and accuracy in maintaining desired well pressures. The software's ability to account for 

dynamic changes in the well parameters enhances the understanding of well behaviour and 

enables more effective decision-making during MPD operations (Knut, S. et al., 2008) 

 

3.5 Products - wellAhead 

wəllAhead™ is an advanced software solution developed by eDrilling, designed to provide 

automated monitoring, real-time analyses, and live well support for drilling operations. The 

wellAhead as other eDrilling software’s are based on digital twin technology and is a virtual 

representation of the well in real-time. The software is firstly configured with static well 

data such as casing, trajectory, pressure gradient, temperature gradient, fluid properties, and 

then supplied with real-time drilling data which in combination creates an accurate digital 

twin of the well. In general, wellAhead offers the potential for analyzing and optimizing 

drilling operations by providing automated forward-looking analysis, automated diagnostics 

and decision support, and real-time optimization of the drilling process (Mayani, M.G., 

Baybolov, T., et al., 2020). 

The wellAhead is also connected to a downhole 3D model, which enables possible risks, 

diagnostics, pressure and acts like a “GPS” or “google Map” during operations (eDrilling 

2023). 
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Figure 3.4: wellAhead & downhole 3D in RT operation 

Source: (eDrilling, 2020) 

 

 

3.5.1 Product -wellGuide 

WellGuide is an extension of the functionality offered by wellAhead, specifically developed 

to further enhance the automation and optimization of drilling operations in real-time. Its 

primary focus lies in the auto calibration of drilling data, automated forward-looking 

analysis, automated diagnostics and decision support, and the automatic optimization of 

drilling parameters (Mayani, 2019). Notably, WellGuide places particular emphasis on 

optimizing drilling parameters associated with hole cleaning and well control, including 

flow rate, RPM, ROP, and axial velocity. 

The system is comprised of two main components: auto calibration and advisory. The auto 

calibration component automates the calibration process of digital twin as there are always 

some differences between calculated values and physical worlds which needs to be 

calibrated (Ødegård, 2023), while the advisory component utilizes advanced models to 

provide recommendations and suggestions for optimal drilling parameter values. By 

continuously optimizing these parameters, wellGuide aims to improve drilling efficiency 

and overall performance. The integration of auto calibration and advisory components in 

wellGuide facilitates the automation of key work processes and decision-making in drilling 

operations (Lahlou, 2020) 

To summarize, wellGuide expands on the features offered by wellAhead, with a specific 

focus on the auto calibration of the system (digital twin of the wellbore), analysis of drilling 
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trends, decision support, and the automatic optimization of drilling parameters. Its objective 

is to improve drilling efficiency and overall operational performance by providing 

recommendations for optimal values of drilling parameters (Mal et al., 2023). 

wellGuide is an edge and cloud-based software solution that offers users the convenience of 

accessing it from any location. The software provides a flexible and scalable platform, 

allowing for unlimited storage capacity and the ability to adapt to the varying requirements 

of customers. This scalability is achieved through vertical scaling, where the system can 

dynamically allocate additional computational resources as needed. 

 

Figure 3.2: wellGuide set up 

 

The integration of wellGuide into the operational workflow can be observed in Figure 3.2. 

The digital twin is connected to the witsml data, which in turn receives data from the rig 

site. Subsequently, the digital twin undergoes auto calibration through the auto calibration 

model. The calibrated well status is then saved and transmitted to wellGuide in real-time for 

each stand, enabling wellGuide to perform lookahead simulations by combining different 

flow rates, RPM, and ROP during drilling and different axial velocity during tripping. If the 

resulting values are deemed valid, the best option is selected and sent to the graphical user 

interface (GUI) (eDrilling 2022). 
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4 Case studies and database finding 

This thesis provides an in-depth analysis of three case studies derived from actual 

operational scenarios, with two of them occurring in the past and the third one being 

monitored in real-time. The first case study revolves around the optimization of drilling 

parameters in real-time, while the second case study focuses on optimizing axial velocity 

during tripping and automatic friction mapping of the wellbore. Both cases are extensively 

examined in terms of their impact on drilling efficiency and subsequent value creation for 

the asset. Lastly, the third case study delves into the auto calibration of the hydraulic models 

in real-time, the impact on work process, and feedback from the customer. 

 

4.1 Database finding  

The investigation commenced firstly by applying the access to several databases such as  

planned drilling program, section plan, operational reports, fluid reports, pressure gradient 

data, and actual trajectory reports etc., to collect static and semi-static well data. The 

dynamic well data (real-time data) accessed through witsml.  

 

4.1.1 Data processing and data analysing 

The static and semi-static well data obtained from various documents serves as the 

foundation for creating the digital twin. Each component of the data, such as drill string 

information, wellbore geometry, fluid properties, and trajectory, undergoes a rigorous 

quality check process to ensure its accuracy and reliability. These data then will be stored in 

the database in order to be used in other section of the same well or similar wells from the 

same field. 

In parallel, dynamic real-time data collected from the drilling rig is imported from the 

witsml store. The raw data is then subjected to further processing, including quality checks, 

missing values, data clean-up, and the removal of irrelevant information. When dealing with 

this specific dataset, the following steps are carried out: 

• Importing the drilling data for well A, covering the entire well. 

• Run the data set through the system, followed by a comprehensive quality check to 

ensure data integrity. 
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• Eliminating irrelevant data by utilizing the value of -999.25, as a criterion for 

identification and removal. 

These steps and procedures are essential for handling acquired drilling data effectively and 

ensuring that only relevant and reliable information is utilized for subsequent analyses and 

simulations. The process employed in this study, as described by Liyanage (2010), was 

meticulously designed to encompass all operating conditions that could potentially impact 

the output of the model.  

Note: The recorded "mud temperature in" for well A was determined to be invalid. To 

address this issue, manual adjustments were made based on the information provided in the 

daily mud reports. The adjusted data was then incorporated into the wellGuide software 

before running the simulations. 

For the well B, the same procedure was used to import static and semi-static well data, while 

the dynamic well data was received in real-time without any further processing. 

 

4.2 wellGuide installation 

In order to run the wellGuide through the well A, the software has been installed in a 

dedicated internal cloud based system provided by eDrilling. For the well B, the software 

has been installed in the customers internal cloud based system as part of the pilot run. 

Following are the steps that need to be carried out to ensure correct and valid installation 

• Receive the latest version of wellGuide 

• Get access to the cloud system and install the software 

• Identify if all functionalities are in place and functions as expected 

o Digital twin (core technology) 

o Auto calibration 

o Auto optimization 

o Hydraulic model 

o Thermo-dynamic model 

o T&D model 

o Diagnostic model 

o GUI 

• Dry run through several test well to make sure everything running as it should. 
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4.2.1  Plot optimization app 

As previously mentioned, the Digital Twin captures the current state of the well during each 

connection and transmits it to wellGuide. In wellGuide, using the current well state, 

lookahead simulations are conducted. For drilling operations, the software performs 64 

simulations, considering various combinations of flow rates, RPM, and ROP. Similarly, for 

tripping operations, 12 simulations are executed, evaluating different speed versus pressure 

gradient. The simulation that yields the most favourable outcome is selected and transmitted 

to the graphical user interface (GUI) for visualization. However, due to the intricate 

computational requirements and extensive data involved in such simulations, dedicated 

servers are employed to carry out the computational tasks. These servers are specifically 

designed to handle the high processing demands and vast data sets associated with the 

simulations. Consequently, the simulations are executed and managed within this server 

environment, rather than being directly presented on the eDrilling GUI. Therefore, to be 

able to ensure the quality of the simulations an application called "optimization plot app" 

has been developed and introduced to facilitate access to and analysis of these simulation 

results. The optimization plot app is divided into three main parts as per below: 

1) Simulation Configuration: This section displays the current status of the operation, 

providing information on the drilling parameters and the state of the well. It serves 

as a reference point for understanding the context of the simulation and the 

subsequent results. 

2) Results: In this section, the simulation values for the next stand are presented. It 

provides a comprehensive overview of the simulated parameters, such as flow rates, 

RPM, and ROP, enabling users to assess the predicted outcomes based on different 

parameter combinations. Moreover, the results of each simulation can be accessed 

by selecting the unique name of each simulation from the list provided below the 

task. By clicking on the respective name, users can download a file that contains the 

following data (Appendix 3): 

i. Static well data 

ii. Dynamic well data 

iii. Flow model results ( For reference check Appendix 2) 

iv. Warnings if any parameters has been above the specified 

well limitations 
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3) Recommended Values: The optimized combination of drilling or tripping 

parameters, determined through the simulation process, is displayed in this section. 

These recommended values, representing the most efficient combination for the 

upcoming operation, are then sent to the GUI for implementation. 

 

Figure 4.1: optimization plot app –  tripping 

 

The example presented demonstrates 12 simulations conducted for a specific stand within 

the depth range of 1710m to 1768m MD. It shows that the axial velocity can be increased 

from 395 m/h to maximum 435m/h. Increasing the axial velocity further will fracture the 

formation. The appendix 4 contains the simulation results for the valid simulation for this 

stand. The valid simulation is highlighted as recommended value. 

Moreover, an additional feature known as the scorecard has been integrated into the results, 

providing a comprehensive overview of the diverse combinations of simulation outcomes. 

Each data point on the scorecard corresponds to a specific combination of drilling 

parameters. It is important to note that the scorecard feature is exclusively applicable to 

drilling parameter optimization, as it involves multiple parameters being evaluated 

simultaneously. However, it is worth mentioning that the axial velocity during tripping is 

not included in the scorecard. This omission is attributed to the fact that the axial velocity 

during tripping is represented by a single numerical value, which does not align with the 

multi-dimensional nature of the scorecard. This scorecard serves as a visual representation 

of the simulation results, allowing to easily compare and analyse different combinations of 
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drilling parameters. The green area on the scorecard provide the best combination of drilling 

parameters. If several simulations scores equal in the scorecard, the simulation with shighest 

ROP will be selected. 

 

Figure 4.2: optimization results scorecard –  drilling 
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4.3 Case study  – well information 

The case study conducted in this thesis involves the analysis of two wells, referred to as 

Well A and Well B. Well A represents a past drilling operation, while Well B is monitored 

in real-time during its drilling operation. The primary objective of these case studies is to 

investigate the autocalibration of the models and optimization of drilling parameters in real-

time and assess its impact on value creation and work processes.  

The impact of real-time drilling parameter optimization on value creation is assessed by 

analysing various performance indicators, such as drilling efficiency, cost reduction and 

overall productivity. Additionally, the case studies examine the effect of real-time parameter 

optimization software on work processes, including operational procedures, task 

performance, decision-making, and collaboration among stakeholders. 

By analysing both Well A and Well B, this research provides insights into the importance of 

using digital twin for drilling parameter optimization in real-time and its potential to 

improve drilling performance, reduce costs, and enhance overall value creation. 

 

4.3.1 Case study A – drilling 

The well A, drilled in the NCS in 2020, holds the distinction of being the longest well ever 

drilled in the field, reaching an approximate total vertical depth (TVD) of 4183m and 

measured depth (MD) of 8552m. The well features an S-shape trajectory, with a 17 ½" 

section designated as the build-up section.  

The build-up section of the well A starts at a depth of around 1170m with an inclination of 

15° and gradually increases to approximately 53° at a depth of 1769m. This section is critical 

in terms of potential risks associated with hole cleaning and losses. Most research shows 

that the well inclination in these interval is the most challenging area for hole cleaning (most 

of the research paper referenced in this study highlight this). Therefore, during the drilling 

process, ensuring effective hole cleaning becomes crucial to maintain wellbore integrity and 

prevent any losses or obstructions. 

Additional information related to rig pump limitations, planned operational parameters, and 

pre-liminary input to wellGuide are added below:  
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The dynamic well data needed for wellGuide to run in real-time are as follow: 

Bit depth Well depth Block position Flow rate RPM WOB Hookload Torque Mud 

density in 

Mud 

temperature in 

 

Rig pump capacity 

Max SPP limit 

300 [bar] 

 

Following has been introduced into wellGuide prior running the simulation. 

Default Cuttings percentage for 

efficient hole cleaning 

Cuttings percentage 

used for this section 

Safety margin 

7 % 2.3 % 0.1 sg 

 

Planned drilling parameters based on third party simulations. 

ROP Flow rate RPM Max ECD @ casing shoe 

(1150m MD) 

Max pore pressure at 

section TD @ 1768m MD 

35 [m/h] 4800 [lpm] 150 [rpm] FIT = 1.57 [sg] Max PP: 1.48 [sg] 

 

4.3.2 Optimization results 

The graph presented illustrates the optimization results for the drilling of the 17 ½" section 

within the depth range of 1210 to 1768 meters measured depth (MD). It demonstrates that 

the advised Rate of Penetration (ROP) consistently surpasses the actual ROP throughout the 

entire section, while maintaining the flow rate and revolutions per minute (RPM) at values 

equal to the actual flow rate and RPM for the majority of the time. Additionally, the 

advisory system recommends increasing both ROP and the flow rate at several depths in 

response to the cuttings load in the wellbore exceeding the predefined threshold. This 

indicates that the advisory system actively responds to the fluctuating conditions and 

provides guidance accordingly in order to enhance drilling performance.  
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Figure 4.3: optimization results well A –  drilling – a snapshot from wellGuide software showing Advisory ROP, 

Flow In and RPM (pink) and actual ROP, Flow In and RPM (yellow) from Well A.  

 

 

Figure 4.4: time savings well A –  drilling 

 

The time savings associated with each detected drilling sequence are represented in the 

graph 4.4. The colour scheme utilized provides visual differentiation for the magnitude of 

time savings. Specifically, blue colour indicates the least amount of savings, pink represents 

a moderate level of savings, and yellow signifies the maximum level of saving. It is 

important to note that the advisory system's recommendations for increasing the Rate of 
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Penetration (ROP) are limited to 20% higher than the current ROP. Consequently, the time 

savings achieved for lower ROP values will be comparatively lower. This implies that the 

impact of the advisory system's recommendations on reducing drilling time will be more 

significant for drilling sequences with higher initial ROP values, as the potential for 

improvement is greater in those cases.  

The analysis reveals that the total time savings achieved for drilling this section amount to 

approximately 260 minutes. It is important to note that the total operation time, which 

includes connection periods, is estimated to be around 30 hours. 

To calculate the potential drilling efficiency time, a formula is employed as follows and 

coded in phyton to collect total savings. 

 

𝑇𝑖𝑚𝑒 𝑠𝑎𝑣𝑖𝑛𝑔 = 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑂𝑝𝑒𝑎𝑡𝑖𝑜𝑛 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 −
𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 ∗ 𝐴𝑐𝑡𝑢𝑎𝑙 𝑅𝑂𝑃

𝐴𝑑𝑣𝑖𝑠𝑜𝑟𝑦 𝑅𝑂𝑃
    

𝑇𝑜𝑡𝑎𝑙𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = ∑ 𝑠𝑎𝑣𝑖𝑛𝑔𝑠𝑝𝑒𝑟𝑆𝑡𝑎𝑛𝑑

𝑒𝑛𝑑𝑡𝑖𝑚𝑒

𝑠𝑡𝑎𝑟𝑡𝑡𝑖𝑚𝑒

 

 

In this formula, the time savings are determined by subtracting the connection period from 

the total active drilling time. This approach ensures that only the time directly associated 

with the active drilling phase of the operation is taken into account when calculating the 

overall time savings. 

By excluding the connection time, a more accurate representation of the drilling efficiency 

time can be obtained. The total time savings are then calculated by summing the individual 

savings for each stand drilled within the defined start and end time. 

In this particular instance, the calculated connection time amounted to approximately 2 

hours, thereby yielding approximately 28 hours of active drilling time. Through the 

utilization of optimized drilling parameters, it was possible to achieve a reduction of 

approximately 4.3 hours in active operation time, which equates to a 15% decrease in 

overall operation duration. 
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4.4 Case study – Tripping well A 

After completing the drilling of the 17 ½" section in well A and subsequently pulling out of 

hole (POOH) the 17 ½" bottom hole assembly (BHA), the next step in the workflow 

involved running in hole (RIH) with 13 5/8" casing. FIT was conducted to 1.57sg at 20” 

casing shoe (1170m MD) during drilling. This value represents the maximum allowable 

pressure during both drilling and RIH with 13 5/8” casing.  

The wellGuide use the FIT (1.57sg) and running 12 different simulations. Based on the 

scorecard, the best option will be chosen and send to GUI.  

Surge limitation to optimize axial velocity 

Max ECD @ casing shoe (1150m MD) 

FIT = 1.57 [sg] 

 

4.4.1 Optimization results 

In the context of the tripping workflow, the wellGuide application provides various 

simulation capabilities, including the estimation of tripping speed and acceleration limits, as 

well as the verification of planned tripping profiles against these limits. Figure 4.5 

showcases the wellGuide results from RIH operation of 13 5/8” casing in well A, where the 

drilling contractor adheres to a predetermined tripping speed profile, which is simulated 

against the maximum surge limitation (1.57 sg). The tripping speed profile in then evaluated 

against the tripping speed provided by wellGuide.  

The figure 4.4 contains following data. 

• 1 : Casing depth - well depth – block position 

• 2 – Connections 

• 3 – Actual tripping speed vs simulated tripping speed from wellGuide 

• 4 - Calculated ESD at 20” casing shoe and bottom hole of the section 

• 5 – Calculated ESD at 13 5/8” casing shoe while tripping 

• 6 – compares measured active volume vs. modelled active volume 

• 7 – Compares measured and modelled hookload during tripping 

As seen in the graph, in section number 3, the defined tripping profile used for the RIH 13 

5/8” casing is very conservative until 1150m ( yellow line), and wellGuide suggest higher 

speed while keeping the formation integrity in consideration. Section 4 in the plots shows 



42 
 

the surge pressure created during RIH with 13 5/8” casing and the maximum allowed surge 

pressure as a reference line. This is a common scenario during pre-job modelling, where 

the planning software’s suggest constant tripping speed for longer intervals and not 

dynamically according to well conditions. The wellGuide application operates in real-time 

and incorporates a hybrid combination of input data comprising static, semi-static, and 

real-time parameters (Arvelo et al., 2023). 

Side note: The axial velocity for RIH is represented as a negative number, while it will 

positive number during POOH. 

 

Figure 4.5: optimization results -tripping 

 

Figure 4.5 illustrates the potential opportunities for savings during the run in Hole (RIH) 

operation with 13 5/8" casing on each stand. The graph indicates that the maximum 

potential time savings per stand amount to approximately 30 seconds particularly from 0 

depth to around 1150m. This time saving is particularly significant when considering that 

each stand typically requires only around 60 to 90 seconds according to the planned tripping 

speed profile. The total saving for this operation is around 40 minutes and the total operation 

time is approximately 18 hours including connections. 

Below formula is coded in phyton and used to collect time savings for each stand and the 

total time savings for each operation. the time savings are calculated by subtracting the 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

Ref. line: 1.57sg 
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connection period and the time taken for accelerations and decelerations from the total 

active running time. This approach ensures that only the time directly related to the active 

running of the operation is considered when determining the total time savings.  

 

 

 

Figure 4.6: Potential saving for each stand – RIH    5/8” casing 

The time savings associated with each detected drilling sequence are represented in the graph 4.5. 

The colour scheme utilized provides visual differentiation for the magnitude of time savings. 

Specifically, blue colour indicates the least amount of savings, pink represents a moderate level of 

savings, and yellow signifies the maximum level of saving. As described above, there is a huge 

potential for increasing the efficiency of the RIH operation from 0m – 1150m MD as highlighted by 

yellow colour which represents the most saving potential.  
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In this particular instance, the calculated connection time and passive operational time 

amounted to approximately 6 hours, thereby yielding approximately 12 hours of active 

tripping time. Through the utilization of optimized drilling parameters, it was possible to 

achieve a reduction of approximately 0.66 hours in active operation time, which equates to a 

5.5% decrease in overall operation duration. 

 

 

 

Figure 4.7:  uto calibration of torque and drag model during RIH with    5/8” casing 

The blue dots represented on the roadmap correspond to the actual hookload detected by the system, while 

the red dots indicate the buoyancy-compensated values, revealing the genuine friction experienced within 

the well. The torque and drag model automatically calibrate itself and detect empty pipe sections during 

tripping operations. Additionally, it is equipped to dynamically map the friction encountered in the well in 

real-time, ensuring accurate and up-to-date information. 
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4.5 Case study – well B – Auto calibration 

Well B, situated in the Middle East, is a vertical well with a designated total depth of 6107 

meters. The specific section of interest in this study is the 14 ¾" x 16" section, planned to be 

drilled between 2750 and 4437 meters measured depth (MD). This section holds 

significance due to the presence of uncertain pressure gradients and the potential for fluid 

losses and gains. 

In order to facilitate the drilling operation, the customer implemented wellAhead, an 

additional eDrilling product. The wellGuide system encompasses two distinct systems 

simultaneously: wellAhead, which serves as the digital twin of the wellbore in real-time, and 

the advisory module, which enables lookahead simulations. 

To ensure precise modelling, the digital twin (wellAhead) undergoes automatic calibration 

to accurately represent the current state of the wellbore. This calibrated well state is then 

transmitted to the advisory module. Leveraging the calibrated well state, the advisory 

module conducts lookahead simulations and forecast optimized drilling parameters. 

 

4.5.1 Auto calibration results 

The image 4.8 shows a visual representation of the autocalibration transient hydraulic and 

thermos-dynamic model, providing clarity on how autocalibration operates. The red box 

highlights the initial triggering of autocalibration.  

Upon observation, it is evident that prior to autocalibration being triggered, there is a lack of 

convergence between the modelled and measured values of the SPP (2) and ECD (3). This 

indicates a discrepancy between the predicted values generated by the model and the actual 

measurements recorded. This inconsistency may be attributed to changes in fluid 

specifications and other alterations in the wellbore conditions that were not accounted for by 

the digital twin  

The purpose of autocalibration is to rectify this discrepancy by adjusting the model 

parameters to better align with the measured data. By triggering autocalibration, the model 

can be calibrated in real-time, ensuring improved accuracy both in real-time simulations and 

lookahead simulations performed by wellGuide.  
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When the result has been presented to the customer, the main contact person in the company 

asked “is it possible to have auto calibration in the wellAhead product as well”. It was 

mentioned that autocalibration give them the below benefits: 

• The system can run by itself with out any manual calibration 

• Manual calibration can lead to calibrate operational problems by unexperienced 

users. It will increase the trust ability of the software.  

• Save them time as they don’t need to auto calibrate manually and they need to 

analyse the plots before each calibration. 

• It is more consistent with auto calibration and easy to be tracked back when the 

system has been calibrated. 

 

Figure 4.8: Auto calibration results flow model 

 

 

1 2 3 
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5 Findings and recommendations 

This master thesis concentrated on examining the implementation and effects of automatic 

real-time parameter optimization in drilling operations by conducting multiple case studies 

within the oil and gas industry. The objective was to analyze the advantages, obstacles, and 

overall efficacy of these approaches in enhancing drilling operations. The research involved 

integrating the wellGuide software, collecting and processing data, performing data 

analytics, and optimizing drilling parameters to enhance drilling efficiency. The purpose of 

this chapter is to address the thesis objective, which is partly answered through the case 

studies: assessing the impact of digitalization tools on value creation and work processes 

during drilling operations. 

 

5.1 Drilling efficiency and value creation 

The first category of findings, which is discussed in Chapter 5.1.1, centres around the 

drilling efficiency and value creation for the asset. This value creation is substantiated 

through the examination of case studies that utilize actual operational data, as well as 

through the exploration of relevant theories supported by research.  

 

5.1.1 Improved Drilling Efficiency 

 As demonstrated in the case study of well A, utilizing optimized drilling parameters for the 

17 ½" section leads to a reduction of approximately 15% in drilling time and 5.5% in 

tripping time. This results in overall time savings, increased rate of penetration (ROP), 

improved axial velocity during tripping while ensuring well integrity, and enhanced 

operational efficiency. Moreover, real-time parameter optimization contributes to enhanced 

safety and risk mitigation. By employing digital twin technology for real-time monitoring, 

equipment anomalies can be detected early, preventing accidents and mitigating potential 

operational risks and non-productive time (NPTs) (Mayani, 2018). 

The implementation of automatic parameters optimization holds the potential for cost 

reduction in drilling operations. By optimizing drilling parameters, minimizing non-

productive time, and improving operational parameters, companies can achieve significant 

cost savings. Furthermore, the automation of parameter optimization eliminates the need for 

manual intervention from drilling or planning engineers, thereby optimizing resource 
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allocation and reducing overall operational expenses (Ambrus et al., 2017; Ashena et al., 

2021). 

Automatic parameters optimization enables the selection of optimal drilling parameters 

based on real-time data and advanced algorithms. This approach enhances drilling 

performance by taking into account actual fluid properties, drilling parameters, and 

equipment capabilities. The dynamic optimization of drilling parameters leads to improved 

drilling efficiency and reduced operational risks (Said, 2022).  

Additionally, customer feedback highlights the potential of the auto-calibration feature to 

decrease human involvement in software deployment, leading to cost reductions and 

improved software accuracy: 

[…] is it possible to implement the auto calibration functionality in wellAhead? (a product 

used by the customer today). This feature has the potential to minimize human intervention 

in the software deployment processes, thereby facilitating reduction in personnel costs and 

enhancing the software accuracy. 

 

5.1.2 Automated work process 

The second category discussed in Chapter 5 explores the potential of digital twins in 

automated work processes. The concept of automated work processes, coupled with 

automation through digital twin technology, has gained significant traction across various 

industries. This approach involves leveraging advanced technology and software to 

streamline and optimize routine tasks, ultimately reducing the reliance on manual 

intervention and enhancing overall operational efficiency. By implementing digital twin 

technology, organizations can create virtual replicas of physical systems or processes, 

enabling real-time monitoring, analysis, and control. The integration of digital twin 

technology with automated work processes holds immense promise for improving 

productivity, reducing errors, and enhancing decision-making capabilities. 

 

5.1.2.1 Automated work process 

The wellGuide system enables the optimization and automation of work processes through 

two primary mechanisms. Firstly, it conducts automated analysis of drilling parameter 

trends and calculates optimized parameters based on the available data. Secondly, it 
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incorporates auto-calibration functionality, eliminating the need for manual calibration by 

operational personnel. These features of the wellGuide system contribute to reducing 

workloads, improving efficiency, and enhancing safety within drilling operations. 

By integrating auto-calibration and real-time advisory modules, the wellGuide allows for 

automated real-time analyses and real-time optimization without the involvement of domain 

experts. The implementation of digitalization tools not only leads to cost and time savings 

but also facilitates continuous performance improvement. However, it is crucial to 

acknowledge that discrepancies may exist between the digital model and the physical 

system due to the inherent complexity and real-time nature of the drilling process. Thus, 

calibration becomes necessary to align the system with the actual operational conditions. 

During a drilling operation, the calibration factors need to be continuously updated as the 

conditions change. However, it is crucial to use representative data for calibration and avoid 

masking significant events such as kicks, losses, or poor hole cleaning that should be 

identified as anomalies. Achieving fully automatic calibration without user or expert 

intervention requires the development of algorithms that consider these factors while 

maintaining speed and robustness (Mal et al., 2023).  

As highlighted in Chapter 2, Section 2.1.2.1, minimizing human involvement in operational 

tasks has the potential to enhance safety and reduce the likelihood of human errors. 

Automation and advanced technologies can mitigate risks associated with human factors 

such as fatigue, distraction, and cognitive limitations. By reducing reliance on manual 

intervention, the likelihood of errors, accidents, and safety incidents can be significantly 

reduced. This aspect aligns with the goal of improving operational safety and underscores 

the importance of incorporating automation in various industries (Redmill 2010). 

Additionally, customer feedback highlights the potential of the auto-calibration feature to 

decrease human involvement in software deployment, leading to cost reductions and 

improved software accuracy: 

A customer informant describes how they would see the future of wellGuide within there 

operations: 

[…] wellGuide, currently functioning as an advisory module, operates in real-time without 

directly controlling or modifying operational parameters. However, as part of their 

continuous automation efforts, there is a desire to develop a product that can actively 



50 
 

assume control over operations and autonomously adjust the parameters. This transition 

aims to further enhance operational efficiency and optimize drilling processes by reducing 

human intervention and leveraging advanced automation capabilities. 

 

5.1.3 The need of verification of the case study results 

To validate and study the results of the simulations performed by wellGuide, it was essential 

to analyse both the input and output data. This analysis was crucial for ensuring the 

functionality and effectiveness of wellGuide in accordance with its design. By examining 

the input data, such as drilling parameters, well characteristics, and operational conditions, it 

was possible to assess the accuracy and relevance of the simulations. Furthermore, analysing 

the output data, which includes the auto calibration results, hole cleaning index, wellbore 

integrity versus simulated, and any deviations from expected outcomes, helped to verify the 

value creation and optimized work processes achieved by wellGuide. This validation 

process ensures that wellGuide is operating as intended and provides reliable insights for 

decision-making in drilling operations.  

During the validation process, the following input and output data were analysed to ensure 

the accuracy and reliability of the simulations performed by wellGuide: 

 

Input data: 

• Static well data: This includes information about the well trajectory, drill string 

configuration, wellbore geometry, pressure gradient, and temperature profile. These 

static parameters are essential for modelling the well and its characteristics accurately. 

• Semi-static well data: This involves fluid specifications, such as rheology (flow 

behaviour), gelling properties, and density. These parameters are crucial for 

understanding the behaviour of the drilling fluid and its impact on the drilling process. 

• Dynamic well data: To ensure consistency and reliability, dynamic well data, such as 

real-time measurements of flow rates, pressures, and temperatures, were considered. 

These dynamic parameters help validate the simulations against actual operating 

conditions. 

 



51 
 

Output data: 

• Drilling simulation results: The distribution of cuttings along the wellbore, equivalent 

circulating density (EMW), and surface pump pressure (SPP) were carefully analysed. 

These results were compared against wellbore integrity and equipment capacities to 

verify the feasibility and adherence to operational constraints. 

• Tripping simulation results: The axial velocity, and EMW during tripping operations 

were examined. These results were compared against wellbore integrity requirements 

and evaluated to ensure their consistency and logical interpretation. 

 

By scrutinizing both the input and output data, the validation process aims to confirm the 

accuracy, reliability, and functionality of wellGuide’s simulations. It ensures that the model 

outputs align with the limitations, capacities, and expected behaviour of the well and 

equipment, thus providing valuable insights for optimizing drilling operations 

 

5.1.3.1 Verification process and validation 

The validation process of the results obtained from wellGuide simulations was conducted 

based on three key assumptions: 

1) Deployment of core technology: The core technology and models used in wellGuide 

have been deployed in both training simulators and real-time operations since 2012. 

This extensive deployment on numerous wells worldwide over several years 

provides a solid foundation for validating the results. The accumulated experience 

and track record of successful implementation contribute to the reliability and 

credibility of the simulation outcomes (eDrilling 2023). 

2) Qualitative comparison with actual operational data: Where available, the simulation 

results were qualitatively compared with the actual operational data. This involves 

trends, and patterns observed during real-time drilling operations. By comparing the 

simulated results to the actual data, the accuracy and consistency of wellGuide's 

predictions and recommendations can be assessed. 

3) Qualitative comparison with third-party simulations: In addition to comparing the 

results with real-time operational data, a qualitative comparison was made with 

third-party simulations performed during the well planning phase. These simulations, 
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conducted by a third party software, provide an additional reference point for 

evaluating the validity of the wellGuide results.  

In the table, the drilling parameters for 17 ½” drilling is presented and were planned using a 

third-party software. The actual operational parameters were kept within or lower than these 

planned values. However, wellGuide suggests higher rates of penetration (ROP) and, at 

several depths, higher flow rates to ensure good hole cleaning. It is important to note that 

these suggested values are still within the well boundaries and equipment capacities. The 

full results of this simulation is added in appendix 2. 

 

 

Planned drilling parameters for 17 ½” section 

ROP Flow rate RPM Max ECD @ casing 

shoe (1150m MD) 

Max pore pressure at 

section TD @ 1768m MD 

Max SPP 

35 [m/h] 4800 [lpm] 150 [rpm] FIT = 1.57 [sg] Max PP: 1.48 [sg] 300 [bar] 

 

Drilling parameters suggested by wellGuide in the interval of 1517 – 1547m MD 

Advisory 

ROP 

Advisory 

Flow rate 

Advisory 

RPM 

Calculated ECD @ casing 

shoe (1150m MD) 

Max calculated 

SPP 

Max cuttings 

load 

43 [m/h] 4955 [lpm] 150 [rpm] 1.41sg 205 [bar] 2.02 % 

 

In the tripping case study, the figure presented below displays a section extracted from the 

plot optimization app, specifically focusing on the simulation results of Running in Hole 

(RIH) for a 13 5/8" casing within a single stand ranging from 1116m to 1146m measured 

depth (MD). The figure provides a visual representation of the various speeds utilized in the 

simulations, the number of simulations resulting in fracture formation, and the valid speed 

values considered for analysis. The model output of the highlighted simulation (red colour) 

is added in appendix 4.  
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RIH with 13 5/8” casing simulation results – 1116 – 1146m MD 

 

5.2 Recommendation and improvements 

Based on the case studies and research findings and analysis conducted in this master's 

thesis, the following recommendations are proposed for the implementation of wellGuide 

during drilling operations.  

 

5.2.1 User centred product 

According to Eason (1996), advanced technology alone does not yield benefits for 

organizations. Instead, it requires people to effectively utilize its capabilities in order to 

generate organizational advantages. Employees must feel motivated and engaged in the 

tasks they are assigned, considering them as meaningful contributions to the organization. 

Additionally, they need to recognize the technology as a valuable asset that can aid them in 

carrying out their responsibilities effectively, otherwise they will reject the system. 

Eason (1988) argues that the success of advanced technology systems depends on 

considering both social and technical aspects. This includes understanding the needs, values, 

and preferences of users, as well as considering the social and organizational context in 

which the technology will be implemented. By taking a socio-technical perspective, 

designers can ensure that technology aligns with the social and organizational requirements, 

enhances user satisfaction, and contributes to organizational effectiveness. 

The socio-technical design approach recognizes that technology implementation is not 

solely a technical process but also involves addressing human factors, organizational 
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culture, communication, and other social aspects. It promotes a holistic understanding of 

technology and its impact on individuals, groups, and organizations. By integrating social 

and technical considerations, organizations can create advanced technology systems that are 

better aligned with user needs, promote user acceptance, and facilitate positive outcomes in 

the organizational context. 

In accordance with Redmill's (2010) perspective, the incorporation of a user-friendly 

graphical user interface (GUI) is deemed necessary to enhance the interaction between 

human operators and technological systems. The objective is to improve overall safety 

levels and mitigate the occurrence of human errors. 

 

Several enhancements to the wellGuide graphical user interface (GUI) have been proposed 

and designed, with the active involvement of the eDrilling development team. These 

improvements are currently in the development phase. The design process involved 

thorough analysis, deliberation, and feedback from both internal users within the 

organization and a select group of external users. By engaging various stakeholders and 

incorporating their perspectives, the aim is to ensure that the redesigned GUI meets the 

needs and preferences of the end users, resulting in a more intuitive and user-friendly 

interface. The significance of enhancing human reliability through ergonomic design of the 

graphical user interface (GUI), as emphasized by Redmill (2010), played a crucial role in 

shaping the design process of wellGuide. By considering the principles of ergonomic 

design, the aim was to create a user interface that promotes user comfort, efficiency, and 

effectiveness in interacting with the software. Also, Eason's (1988) research on work flow 

and design resources played an important role in shaping the design process and facilitating 

its implementation. By understanding the workflow and considering the available design 

resources, the design of the system can be aligned with users' needs, preferences, and 

cognitive capabilities. This, in turn, enables the development of an interface that supports 

efficient task performance and reduces cognitive load, ultimately leading to enhanced 

usability and user satisfaction. 

 

5.2.2 Introducing safety margins 

The inclusion of safety margins in real-time parameter optimization software plays a vital 

role in ensuring the accuracy and reliability of the optimization process. By acknowledging 
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the inherent limitations and uncertainties in drilling operations, safety margins serve as a 

protective measure to prevent the optimized parameters from surpassing critical thresholds 

or jeopardizing the integrity and safety of the well (Baouche et al., 2022; Radwan et al., 

2019a, 2020a; Zhang, 2011, 2017). 

To ensure a secure and controlled drilling operation, it is imperative to keep the downhole 

mud weight within the specified drilling window at all times. Deviating from this window, 

either above or below, can lead to adverse consequences such as formation fracturing, 

losses, influx, kicks, and wellbore instability, resulting in significant time loss during 

operations (Kvam.Ø., 2005). 

To address the uncertainties inherent in the optimization process and promote conservative 

decision-making, safety margins for wellbore pressure gradient have been incorporated into 

wellGuide for both drilling and tripping operations. These safety margins act as a safety net, 

allowing for slight deviations from the optimized values while ensuring the maintenance of 

safe operating conditions. 

The analysis of case studies in wellGuide has resulted in the identification of specific safety 

margins for parameters such as Collapse Pressure, Pore Pressure, and Fracture Pressure. It is 

important to note that these safety margins are derived from a limited number of data sets 

and cannot be universally applied to all drilling operations. As a result, the wellGuide 

software allows for the dynamic adjustment of safety margins during real-time operations. 

 

AdvisoryModule.Collapse Pressure AdvisoryModule.Pore Pressure AdvisoryModule.Fracture Pressure 

5 [kg/m3] 5 [kg/m3] -5 [kg/m3] 

 

5.2.3  Consider rig equipment capacities 

When conducting real-time automated parameter optimization in drilling operations, it is 

essential to take into account the capacities and limitations of rig equipment. By considering 

the capabilities of the drilling equipment, the optimized parameters can be aligned to ensure 

safe and efficient operations. Various rig equipment components, such as pump pressure 

limits and weight-on-bit (WOB) limits, play a critical role in the interaction with drilling 

parameters. 



56 
 

The importance of incorporating rig equipment capacities in real-time parameter 

optimization has been recognized in the literature. For instance, Radwan et al. (2019a) and 

Radwan et al. (2020a) highlight the significance of considering pump pressure limits as a 

constraint in the optimization process. By ensuring that the optimized parameters fall within 

the acceptable range of pump pressure, the drilling operation can be carried out safely and 

effectively. 

Additionally, Zhang (2011, 2017) emphasizes the importance of considering WOB limits 

during parameter optimization. By taking into account the maximum allowable weight that 

can be applied to the drill bit, the optimized parameters can be adjusted to prevent excessive 

load on the drilling equipment and avoid potential failures or inefficiencies. 

As wellGuide performing lookahead simulation and WOB calculations is dependent on 

many factors related to formation properties it is a long term research work which is 

recommended as a future research.  

To enhance the safety and reliability of the optimized parameters generated by wellGuide 

and advance towards increased automation, a pump pressure limitation has been integrated 

into the software. The purpose of this limitation is to mitigate the risks associated with high 

pump pressures during drilling parameter optimization. The implementation of the pump 

pressure limitation involves comparing the calculated pump pressure obtained from different 

simulations that employ varying flow rates. By comparing the pump pressure output from 

the simulations, the software can identify instances where the pressure approaches or 

surpasses the predefined pump pop-off limitation. When the pump pressure exceeds the 

specified limitation, the simulation results are deemed invalid and are not recommended to 

the user, even if other drilling parameters indicate favourable conditions. 

Lookahead simulation for WOB is influenced by numerous factors associated with 

formation properties. Given the complexity and significance of these factors, further 

research in this area is suggested as a future research direction.  

 

5.2.4 Hole cleaning index 

Hole cleaning is a critical aspect of drilling operations as it involves the essential task of 

removing drilled cuttings and debris from the wellbore. Effective hole cleaning is essential 

for ensuring optimal drilling performance and maintaining well integrity.  
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The efficiency of hole cleaning is influenced by various factors, including formation 

lithology, fluid properties, wellbore inclination, flow rate, revolutions per minute (RPM), 

rate of penetration (ROP), and cuttings size, among others. Over the years, several indexes 

have been developed to evaluate hole cleaning performance, such as the cuttings transport 

ratio (CTR), hole cleaning ratio, cuttings concentration in the annulus (CCA), and carrying 

capacity index (CCI) (Alawami et al., 2019). 

In the wellGuide system, the cuttings concentration in the annulus and the cuttings transport 

ratio serve as indicators for evaluating hole cleaning efficiency. Research conducted by 

Alawami et al. (2019) suggests that the cuttings percentage in the annulus should not exceed 

8%, and the CTR should not decrease below 50% for efficient hole cleaning. In the 

wellGuide model, a default value of a maximum of 7% cuttings in the annulus has been 

implemented for efficient hole cleaning. This default value was determined by the Sintef 

research team during the development of the model. 

During the analysis of cuttings percentage in the annulus and the calculated cuttings 

transport ratio during case studies using wellGuide, certain unanswered questions have 

arisen. To address these questions and ensure the consistency and accuracy of hole cleaning 

evaluations, a verification process is necessary. This process involves comparing the results 

obtained from wellGuide with relevant research papers and conducting real-time operational 

verification. These questions are related to the behaviour of hole cleaning efficiency in 

deviated wellbore sections and the accuracy of wellGuide's predictions in such scenarios.  

By conducting such evaluations, wellGuide aims to enhance its hole cleaning assessment 

capabilities and ensure that the system aligns with established research findings and best 

practices. This continuous improvement process contributes to the reliability and 

effectiveness of wellGuide in optimizing drilling parameters and maintaining efficient hole 

cleaning throughout drilling operations. 
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6 Discussions 

6.1 Overview of the project 

The objective of this master's thesis was to examine the influence of advanced digital 

technology on value creation and work processes in drilling operations. To achieve this 

objective, a series of case studies were conducted using a real-time parameter optimization 

software called wellGuide. The purpose was to investigate how this software can optimize 

drilling parameters in real-time and assess its impact on the work process and value creation 

within the drilling operations context. 

In order to address the research questions and achieve the objective of the thesis, a 

comprehensive review of the wellGuide software was conducted, focusing on its design and 

technical aspects. Additionally, a thorough understanding of drilling operations, including 

terminology and technical considerations, was acquired. The history of digitalization in the 

oil and gas industry was also explored to provide a broader context for the study. 

By combining relevant theories, conducting case studies, and analysing the findings, the 

impact of wellGuide on drilling operations and its ability to enhance value creation were 

illuminated. The research questions were systematically addressed, and the findings were 

presented to demonstrate the influence of wellGuide on the work process and its potential 

for value creation. 

Based on the research findings, recommendations were provided for further enhancing the 

wellGuide software and utilization of wellGuide in drilling operations. These 

recommendations encompassed aspects such as improving GUI design, and continuous 

improvement of the software's capabilities. Moreover, suggestions for future research were 

outlined, including areas such as inclusion of WOB as part of the lookahead simulations. 

In conclusion, this master's thesis successfully examined the impact of advanced digital 

technology, specifically the wellGuide software, on value creation and work processes in 

drilling operations. The research provided insights into the optimization potential of 

wellGuide and its implications for enhancing efficiency, safety, and operational 

performance. The recommendations and future research directions outlined in this thesis 

contribute to the ongoing efforts to further leverage digital technology and its applications in 

the oil and gas industry. 
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6.2 Learning points 

Working on this thesis has provided invaluable insights into a rapidly evolving industry 

environment characterized by complexity in systems, technology, and human interaction. 

The oil and gas industry operates in a dynamic landscape where advancements in 

technology, emerging trends, and evolving industry practices continuously shape the 

operational dynamics. Understanding the complex interplay between various factors such as 

systems, technology, and human interactions has shed light on the many-sided nature of the 

industry and the challenges it faces. By dig in to these challenges, this thesis has contributed 

to a deeper understanding of the industry's complexities, and the need for innovative 

solutions to navigate the ever-changing landscape. 

By talking to customer decision makers and engineers, this study also contributed on better 

understanding of the companies vision behind digitalization and digital twin software. A 

better understanding on the move ahead and how they are thinking about wellGuide on their 

future plan if deployed. The thesis work has yielded valuable insights into innovative 

approaches to product development, with a specific focus on the design and implementation 

of valuable functionalities and user interfaces that enhance the interaction between users and 

the product. In today's highly competitive market, organizations are increasingly 

recognizing the importance of delivering products that not only meet functional 

requirements but also provide a seamless and engaging user experience. Through the 

exploration of novel approaches and methodologies, this thesis has shed light on how to 

design and develop products that effectively meet user needs and expectations.  

 

6.3 Practical challenges 

One of the primary challenges encountered during the thesis was defining the scope of the 

work. Initially, the plan was to explore the parameter optimization software (DPM), which 

comprised modules for both the planning phase and real-time operation phase. However, as 

the thesis progressed, it became necessary to narrow down the scope to focus solely on the 

real-time parameter optimization aspect provided by wellGuide. This decision was crucial 

for bringing the research to a meaningful conclusion. Furthermore, another significant 

challenge was deciding whether to focus on a specific part of the drilling operations, such as 

drilling or tripping, and delve deeper into analysing the results, or to explore the full 

potential of wellGuide in both drilling and tripping operations and assess its impact on value 
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creation and work processes. This decision required careful consideration and weighing the 

potential benefits and limitations of each approach 

Another major hurdle faced during the study was obtaining access to operator companies 

willing to share their data to deploy wellGuide in real-time operations. This challenge 

persisted throughout the research, and although some progress was made towards the end, it 

was at a relatively late stage. Securing the necessary data and cooperation from operator 

companies is essential to validate the effectiveness and practical application of wellGuide in 

real-time scenarios. 

Overcoming these challenges required adaptability, perseverance, and the ability to make 

informed decisions based on the available resources and constraints. By addressing these 

challenges and making strategic choices, the thesis was able to progress and provide 

valuable insights into the real-time parameter optimization capabilities of wellGuide. 

 

6.4 Future work 

Continuous improvement is essential for automated real-time parameter optimization 

software (wellGuide) to remain competitive in the rapidly advancing landscape of 

technology, digitalization, and automation. It is important that the software is explored more 

and the benefits it provides is well known and shared. Additionally, integrating the software 

with rigsite systems and enabling automated operations is an important progression, as the 

industry is moving towards full or semi automation of the operations. To accomplish this 

objective, it is crucial to establish interoperability among drilling contractors, service 

companies, and operators. This entails creating a digital ecosystem where the wellGuide 

software is installed and can seamlessly collaborate with other third-party systems. 

Achieving interoperability requires collaboration at all levels within the oil and gas value 

chain. This collaborative effort will enable the exchange of data, integration of systems, and 

effective communication among different stakeholders, thereby facilitating a holistic 

approach to digitalization and automation in the industry. 

The thesis highlights the advantages of utilizing transient hydraulic models, specifically in 

providing lookahead simulations in real-time for drilling parameters such as rate of 

penetration (ROP), revolutions per minute (RPM), and flow rate. Future work should also 

include weight on bit (WOB) in the optimization processes, which is another very important 

parameters during drilling operations. 
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Introducing new functionalities to the software should be approached incrementally, 

ensuring that each step is completed before moving to the next. Completion entails the 

development, testing, and verification of the new functionality in actual real-time 

operations. This approach offers two benefits: minimizing the upfront investment and 

resource requirements and allowing the software to mature before progressing to the next 

phase.  
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7 Conclusions  

Digitalization and automation are crucial elements of the ongoing fourth industrial 

revolution, and their importance is expected to grow even further. To remain competitive, 

companies in the oil and gas sector must embrace the digital revolution and leverage the 

value it creates, particularly in the realm of real-time well operations. This thesis focuses on 

evaluating the performance of a real-time drilling parameter optimization software, 

comprising autocalibration and automated optimization modules. The aim is to investigate 

how the utilization of such software can reduce drilling operational time and streamline 

tasks conventionally performed by engineers. The following points underscore the relevance 

of automatically optimizing drilling parameters in real-time. 

• Automated parameter optimization and auto-calibrated systems (wellGuide) 

substantially decrease operational time by dynamically optimizing drilling 

parameters to prevent non-productive time (NPT), while enhancing drilling 

efficiency and performance. Furthermore, they eliminate the need for engineers and 

other operational personnel to manually analyse operational parameters and assess 

drilling efficiency and performance. 

• The implementation of wellGuide software does not necessarily require significant 

investments or modifications at the rig site. These solutions can be deployed on the 

cloud or edge, necessitating minimal in-person support and training. Being 

implemented in Cloud or edge offerings the flexibility of scalable computing 

resources and storage capacity and cloud environment also offering centralized data 

storage, facilitating data sharing and collaboration among multiple stakeholders.  

• Users engaging with automated drilling parameter optimization software do not 

necessarily need to be drilling or digital tools experts to reap its benefits. They 

function as end-users with the ability to verify the quality of input data and perform 

basic output analysis. 

• It is crucial to highlight that the quality of output depends on the quality of user 

input. Despite the advantages of digital experience in reducing well operational time 

and automating specific tasks, it cannot entirely replace the human sources.  

• A collaborative cloud ecosystem among different stakeholders would be relevant in 

the present work environment, enabling communication and data exchange between 

different systems and organizations. 
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In conclusion, the benefits of automated real-time drilling parameter optimization outweigh 

the initial investment, as it significantly enhances operational efficiency, reduces time-

consuming tasks, and reducing NPT. 
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9 Appendix 

9.1 Appendix 1 .  

The following output is generated from the plot optimization app, a tool developed to 

examine simulation results obtained from wellGuide. These simulations were conducted for 

a specific interval ranging from 1515m to 1545m measured depth (MD). It is evident that 

there are 64 different variations of the simulations.
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9.2 Appendix 2  

The model outputs presented below represent the data generated from a single simulation out of 

the 64 simulations outlined in Appendix 1. This dataset encompasses a substantial volume of 

information that required analysis and verification processes.
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9.3 Appendix 3  

Data generated by wellGuide during simulations. These data sets are generated for each 
simulation. 

 

 

9.4 Appendix 4 

The model outputs presented below represent the data generated from a single simulation out of 
the 12 simulations. This dataset encompasses a substantial volume of information that required 
analysis and verification processes 

 


