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Summary  

The objective of this thesis has been to develop a value case model in Excel for analyzing the 

potential economic benefits of the Reelwell Drilling Method (RDM). The value case model 

was intended for use within Reelwell and as a way of showing their customers the potential of 

RDM. RDM is a new drilling technology which could potentially expand the horizontal 

drilling reach from 10 km to 20 km. A value case is defined in this thesis as a collection of 

Excel-based models which analyze different applications of RDM.  

The initial scope of the value case model was to analyze two specific cases: the first model, 

model CC (cost comparison), compares the cost and time usage when using RDM and 

conventional drilling equipment on the same well. The second model, model FDA (field 

development analysis), analyzes RDM in a field development setting. RDM is used in an 

extended reach well and compared to a subsea installation.  

The value case model was developed according to the agile project management methods. 

Agile project management methods focus in being able to handle scope changes, and are 

suitable for projects where the solution is not clear-cut. The development phase of the thesis 

was structured in seven 2 weeks development cycles. A lot of time and research was put into 

making the Excel-models easy to use and have an intuitive layout. The result is an Excel-

based model that behaves more like a custom-made program than an Excel spreadsheet. 

Later the scope was redefined in collaboration with Reelwell to that the value case model 

should be able to compare any two drilling programs, and be able to compare any two field 

development investment options. The benefit of this was that the Excel models would not 

have to be rebuilt if different cases than those in the initial scope were to be analyzed.  

The final value case model is capable of analyzing any two drilling programs and any two 

field development investment options. In other words the model is capable of high-level 

feasibility studies, compilation of information at an early decision-making stage and high-

level cost comparisons of drilling programs and field development investment options. As 

such, the value case model fulfilled the re-defined scope. With respect to the objective of the 

thesis the value case model is only suited for use within Reelwell, and is not suitable for use 

towards customers. Reelwell deemed the added flexibility to be more beneficial than a 

commercial product at the end of the thesis. The value case model is functionally complete, 

but some work remains in order for it to be a commercial product.  
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1.0 Introduction 

1.1 Definition and delimitation of objective and scope 

The objective of this thesis is to develop a value case model in Excel that can analyze the 

potential economic benefits of the Reelwell Drilling Method (RDM) for Reelwell. A “value 

case model” is defined in this thesis as a collection of Excel models which analyze different 

applications of RDM and the potentially added value thereof. The value case model is 

intended for use within Reelwell and as a way of showing customers the potential in RDM. 

As such, it is important that the model is easy to use and that the layout is intuitive for the 

users.  

The scope of the value case model was defined together with Reelwell as the following: 

Develop a value case model that consists of two excel-based models which must be able to 

analyze the financial benefits or disadvantages when analyzing RDM in two different case 

studies. These two case studies are defined as: 

a) A direct comparison between RDM and conventional drilling equipment when both 

types of equipment are used on the same well. This model is named model CC (cost 

comparison) 

b) The comparison between two investment options when an outlying reservoir in a field 

is considered being developed. RDM will be used to drill an extended reach well from 

a platform located on the main reservoir, and this will be compared to using a subsea 

installation. This model is named model FDA (field development analysis). 

The two models are independent, but will be presented in the same excel-file. 

Delimitation: Because developing such a model is very time-consuming, the model will not 

be applied to real-life case studies. Such studies are beyond the scope of this thesis. Future 

theses might attempt to apply our model to real-life case studies.    
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1.2 Background for the thesis 

Jostein Aleksandersen, CEO and director of Reelwell, was the lecturer in the subject 

“Entrepreneurship in technology based companies” in 2011 at the University of Stavanger. At 

the end of the term Aleksandersen presented a master thesis that Reelwell wanted two 

students to write. The main focus of the thesis was to make a “Simulation model for value 

cases when using the Reelwell Drilling Method (RDM)”. I found the concept of making a 

model for value cases very interesting, especially the fact that this kind of model had not been 

made before. Øystein Viken and I both told Aleksandersen that we were interested in writing 

the thesis. After an individual assessment from Reelwell and deciding with Viken that we 

could indeed form a joint venture – we were given the thesis. 

Below follows a short introduction of the authors’ backgrounds: 

Benjamin L. Liew: Bachelor’s Degree Program in Mechanical Engineering with focus 

on economics and materials science. Industrial economics as a 2-year master program 

with focus on project management and risk evaluation. 

Øystein Viken: Bachelor’s Degree Program in Applied Science with focus on 

materials science. Industrial economics as a 2-year master program with focus on 

project management and maintenance and operations. 
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1.3 Reelwell 

Reelwell AS is an oil and gas service company which develops drilling technology and 

provides drilling services. Ola M. Vestavik founded Reelwell in 2004. 

Reelwell has developed a new drilling technology which they call “Reelwell Drilling 

Method” (RDM). RDM is based on a drilling system where a dual drill string is used to 

transport drilling fluid to the bit via the drill string annulus, and the return flow to the surface 

is through an inner string (Reelwell, 2012a). The technology used in RDM is explained in 

chapter 3.2.  

Reelwell has won a number of prices due to RDM: They won the OTC Spotlight Award in 

2009, 2010, 2011 and 2012, the ONS 2010 Innovation Award and DnB Nors Regional 

Innovation Price 2011 (Reelwell, 2012b).  

Currently Reelwell is participating in a Joint Industry Project (JIP) on Extended Reach 

Drilling (ERD) with their partners, Merlin ERD and Signa Engineering Corp., where the aim 

is to qualify and demonstrate drilling reach beyond 20 km. The JIP started in January 2011, 

and is expected to last 2 years.   

1.4 The structure of the thesis 

The final model in this thesis is the sum of the work of two people. As a joint thesis, 50 pct of 

thesis is common for both, and 50 pct is individual. The thesis consists of nine chapters. 

Chapter 1 is an introduction to the thesis, and aims to give the reader an overview of the 

background and structure of this thesis. Chapter 2-5 are chapters about the theory behind this 

thesis and form the 50 pct of the common material. Chapter 6-8 are about the development of 

the model, a discussion about the results of the model and a conclusion of this thesis, 

respectively. Chapters 6-8 form the 50 pct of individual work, but for the sake of 

completeness both authors’ contributions to the model will be described. Chapter 6.3.1-6.3.7 

specifies which author did what. Chapter 9 is devoted to references. 

 

  



4 

 

2. Project management and planning 

A project management plan is always needed whenever a project is to be executed 

successfully. An agile project management lifecycle was chosen for this project (thesis). This 

project has the trademarks of an agile project – a not clearly defined final product, and the 

anticipation of a number of scope changes during the execution of the project. 

Wysocki (2009, pp. 301-309) divides the different project management models into four 

groups: 

a) Traditional Project Management (TPM): Defined by low complexity, few scope 

change requests, well understood technology infrastructure, low risk and plan-driven.   

b) Agile Project Management (APM): Defined by a critical problem without a known 

solution, a previous untapped business opportunity, meaningful client involvement and 

small teams. 

c) Extreme Project Management (xPM): These projects are defined by being research 

and development projects, and have a very high risk profile. 

d) Emertxe Project Management (MPx): Defined as a new technology without a known 

application, and is in other words a solution in need of a problem to solve. 

 

Figure 2.4: The four project management models (Wysocki, 2009, p. 300) 

Our scope has a clear goal, but the solution is unclear. According to Figure 2.1 (Wysocki, 

2009) our project falls into the Agile Project Management group. Within the APM models 

there are two main approaches – iterative and adaptive models. The main difference between 

these two models is the degree of uncertainty related to the solution. The iterative models fit 

projects where most of the solution to the problem is known and a number of scope changes is 
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expected. The adaptive models however, fit projects where the solution is unclear, and the 

specifics of the deliverables at the end of the project cannot be identified.  

Our project falls clearly within the adaptive models. We know what we are supposed to 

deliver, a value case model, but the exact nature of the model is not defined. In other words, at 

the start of the project the final product was unclear – the final product was however, tailored 

to the client’s specifications and delivered maximum value for the resources spent. The 

people at Reelwell had an idea of what they wanted solved – a value case model in excel 

which could show the value of RDM. They did not know what form the final product would 

take, and it has been a learning process for them, as well as us.  

The total timeframe of this project was four and a half months – for both developing the 

model and writing the thesis. Due to the special nature of a master’s thesis, the project 

structure we chose was modified from the regular adaptive project management life cycle 

models (Figure 2.2). 

 

Figure 5.2: Modified Adaptive Project Framework (Wysocki, 2009, p. 405) 

Scope: The initial scope was defined by Reelwell. At first the scope was to develop a value 

case model with two models in excel, and apply these models on real-life case studies. Later 

the scope was redefined to exclude the real-life case studies due to the time and resource 

constraints. 

Theory: Before the development cycles of the model could begin, theory on the subjects 

involved in the model was needed. The subjects behind the model are drilling, cost estimation 

of drilling projects, capital budgeting techniques, modeling oil and gas prices, the Norwegian 

taxation system and excel programming.  

Development cycle loops: Each loop consisting of a “Plan Cycle”, “Cycle” and “Client 

checkpoint” stage. A loop lasted an average of two weeks, and a total of seven cycles was 

executed - totaling 14 weeks. A detailed description of the development cycles are described 

in chapter 6.3.1-6.3.7. As with all adaptive projects, client involvement was of great 
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importance in order to deliver a good product. Due to administrative reasons at Reelwell the 

client checkpoint was usually the first thing that was executed in a given cycle – i.e. client 

checkpoint for cycle 1 was executed at the beginning of cycle 2. 

Finish Thesis: Complete documentation of model and finish writing the thesis. Hand over the 

finished model to Reelwell.  

Close Project: On the 14
th 

June 2012 the thesis was handed in to the University of Stavanger.  
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3. Theory - Drilling: 

3.1 Drilling – An introduction 

These chapters include a brief introduction to offshore drilling and the common problems 

encountered when drilling offshore. The description of the drilling process, with emphasis on 

horizontal drilling, will be used as a foundation for the next chapter which explains how RDM 

differ from the conventional drilling methods, and which problems RDM solve. We realize 

that it is not possible, nor the purpose of this thesis, to explain in details the complexity of the 

entire drilling process. Our presentation of relevant drilling theory will focus on the part of the 

drilling process which takes part in the hole. The “top-side” operations on the rig will not be 

covered here. A list of recommended books is included in Appendix A for the readers who are 

unfamiliar with, or wish more information on the drilling process.  

The theory on drilling is included in order to give the necessary background information 

needed in order to understand the costs related to offshore drilling. Furthermore, the model 

assumes that the user has a certain level of knowledge of the drilling process and field 

development.  

3.1.1 The drilling process 

In the offshore oil and gas industry drilling is the process in which one reaches a reservoir 

from a rig. An offshore-rig is a structure located off land which is used to drill and/or produce 

oil or gas. Examples of offshore rigs are barge rigs, submersible rigs, jack-up rigs, 

semisubmersible rigs, drillships and structure rigs. A short description of each type is found in 

Appendix B.  

A rotary drilling system is used offshore – the drill string is rotated in order to transfer torque 

to the drill bit. Donohue and Lang (2009, pp. 24-26) classifies drill bits as a drag bit, a rolling 

cutter bit or a special purpose bit. A drag bit is a bit which uses flat cutter blades to scrape 

away the rock, and have no moving parts. Diamond bits can also be classified as drag bits as 

they have no moving parts and drill with a shearing action, but use industrial diamonds 

instead of cutter blades. The rolling cutter bits on the other hand, contain three cones set with 

teeth which can roll individually. The roller cone bits vary according to the configuration of 

the teeth and type of bearing used to join the bit body and cones. The cones move by virtue of 

contact with the formation. Special purpose bits are bits which are made for a specific need 
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such as hole openers. Hole openers are used to enlarge or maintain the hole size.  See Figure 

3.1 for an illustration of the different bits. 

 

No matter which bit is used, there is a need to flush away cuttings and maintain pressure 

stability in the well. This is obtained by circulating  drilling fluids (mud) down the drill string, 

out through the nozzles in the bit, then back to the surface though the annulus (the space 

between the drill string and the hole) (Conaway, 1999, p. 105). The main functions of mud 

are: 

- Flush away cuttings, cleaning the rock surface and thereby increasing the bit’s 

penetration rate. 

- Lubricating and cooling the bit in order to prolong the bits useful life.  

- Reduce friction between the drill string and the hole. 

- Seal off permeable formations in order to prevent mud loss, and equalize the pressure 

in the hole to that of the formation in order to prevent blowout or formation damage.  

The pressure range is defined as the pressure range which does not cause formation damage or 

result in kicks or blowouts. If the pressure is higher than the formation pressure formation 

damage will occur. When the pressure is below the formation pressure, formation fluid will be 

forced up the annulus (called a “kick”) and in worst case scenario leads to loss of control of 

the well (Donohue and Land, 1986, p. 20). This pressure range is called the “pressure 

window” (Vestavik, Syse and Aleksandersen, 2010, p.4). 

Figure 3.1: Different types of drill bits (petroleumonline, 2012) 
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When drilling a hole, a casing program is followed. This means that once the hole reaches a 

certain depth, casing needs to be set before drilling in the hole can be continued. Casing 

strings are composed of multiple large-diameter steel pipes which are screwed together, and 

cemented into place in the hole. The purpose of the casing is to protect the hole from the mud 

pressure as the mud is weighted up to permit deeper drilling, provide a smooth conduit for 

running in and out of the hole with tools (such as the drill string and bit), and protect the hole 

from difficult pressure zones. (Conaway, 1999, pp. 149-151) 

In order to prevent blowouts (the spewing of oil and gas out of the hole) a blowout preventer 

(BOP) is installed. A BOP is a safety valve at the top of the hole which include hydraulically 

operated valves and three sets of rams. The first set of rams can close around the drill string 

and seal of the annulus, the second one seals of the hole when the drill string is out of the 

hole, and the last set can cut through the entire drill string and seal of the hole. (Donohue and 

Lang, 1986, pp. 20-21) 

3.1.2 Drilling problems 

A number of different problems might occur when drilling a well. The most common 

problems which might occur are listed below: 

- Differential sticking 

- Sloughing shale 

- Poor mud properties 

- Fatigue failures 

- Foreign objects 

- Poor hole cleaning 

- Loss of circulation 

- Stuck pipe 

o Key seating 

o Packoff from poor hole cleaning 

A description of each problem is included in Appendix C. 
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3.1.3 History of horizontal drilling 

Horizontal wells make an important contribution to the world’s oil production and were 

initially based on an idea of increasing the reservoir-to-well contact.  As early as 1919 

attempts on drilling horizontally was carried out by drilling horizontal holes from the main 

vertical borehole. Later on, in the 1940s, specialized drilling equipment with the purpose of 

drilling horizontal branches from the main vertical well was developed. This specialized 

equipment included a non-rotating and flexible drilling pipe and turbine. In the years prior 

1980, projects utilizing horizontal wells and drain holes were carried out in different 

countries. These projects showed limited success due to unreliable equipment and high 

drilling expenditures. (Duan and Farouq, 1995, p. 1). 

The major use and technology development in horizontal well technology and well drilling 

started in the 1980s. At first the wells were short-ranged, with lengths of 250 feet. Technology 

has since developed further and drilling of far longer horizontal wells is a common practice 

today (Joshi, 2003, p1). Currently it is possible to drill horizontal wells in the excess of 11 km 

(Exxon Mobile Corp., 2011).  

3.1.4 Directional and horizontal drilling 

Directional wells usually have an S-shaped profile – the well starts out vertically, then kick 

off at an angle until the lateral displacement (called reach) is attained, then return to vertical 

until the reservoir is penetrated (Figure 3.2).  

 

Figure 3.2. Horizontal well design and S-shaped well design 

Horizontal wells are wells where the hole has been drilled at a very shallow angle or 

horizontal for some distance within the reservoir (Donohue and Lang, 1986). Statoil defines a 

horizontal well as a well with a hole section exceeding an inclination of 85° (Blikra, Drevdal 

and Aarestad, 1994, p. 192). The limitations of the length of horizontal wells are the weight 

on bit (WOB) applied through gravity, and equivalent circulation density (ECD).  

Horizontal well 

S-shaped well 
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WOB is the amount of weight that is possible to apply to the drill bit – limited by the length 

and amount of weights used on the vertical section of the hole. “The Equivalent Circulating 

Density (ECD) is the additional friction pressure loss, i.e. the difference between the annulus 

well pressure in the start and the end of the horizontal section” (Vestavik, Syse and 

Aleksandersen, 2010, p. 4). This parameter is important with regards to avoiding kicks and 

losses, particularly in wells with narrow pressure windows (Schlumberger, 2012a).  

A big advantage with horizontal wells is the ability to extend the reach of a platform, and 

thereby eliminating the need for additional platforms or subsea installations. A horizontal well 

has a series of disadvantages over horizontal wells as well. A horizontal well has a higher 

development cost. In the U.S. a horizontal well costs about 150 pct to 250 pct more than a 

vertical well when both are drilled from the surface. In general, no more than one zone can be 

produced at a time when using a horizontal well (Joshi, 2003, p. 2). 

3.1.5 Complex wells 

Complex wells are wells which usually fall within one or more of three categories: “High-

Pressure, High-Temperature Wells (HPHT wells)”, multilateral wells and depleted zones. 

HPHT wells are wells with high pressure and/or high temperature conditions. “A multilateral 

well is a single well with one or more wellbore branches radiating from the main borehole 

(Bosworth, et al. 1998).” Depleted zones are defined as an isolated section of the reservoir in 

which the pressure has dropped below that of adjacent zones or the main body of the reservoir 

section (Schlumberger, 2012b). The case studies in this thesis will not include complex wells, 

but it is important to be aware of the fact that they exist. The presence of a complex well 

enhances risk of drilling problems occurring, and special care must be taken when planning 

and drilling such a well. 

3.1.6 Subsea Wells 

A subsea well is a well located on the sea floor instead of at a production platform or dry land. 

A subsea template, also known as a subsea satellite, is the structure placed at the sea floor for 

supporting the subsea well development and for carrying out oil and gas extraction. (Devold, 

2009, p.13)  

The wells are drilled, cased and completed trough the template from a moveable rig, and the 

wellhead is placed in a special slot in the template. The slot is connected to outgoing pipelines 
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from the template (Devold, 2009, p.32). The template itself cannot perform drilling 

operations. It can only extract and transport the petroleum from the oilfield to an existing 

platform or a onshore facility through the subsea pipelines. (Devold, 2009, p.13) 

 

Figure 3.3 Illustration of a subsea template with pipelines and umbilical (Oilinfo, 2010) 

The use of pipeline connections enables a strategically placed production to service many 

wells over a large area. The use of subsea templates is typically at depths larger than 500 

meters. (Devold, 2009, p.13) 

From time to time the subsea template wells needs a well workover. A well workover refers to 

different maintenance techniques and operations on the well in order to improve its 

production capacity. The workover is performed by a mobile rig , typically a remote operated 

vehicle (ROV). The wellhead structure, which is often called the Christmas tree, on the 

subsea template must allow for this and a series of other operations related to production. 

(Devold, 2009, p.14) 
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3.2 The Reelwell Drilling Method 

The Reelwell Drilling Method is based four key components- the Dual Drill String (DDS), 

Dual Float Valve (DFV), Flow Control Unit (FCU) and the Top Drive Adapter (TDA) 

(Reelwell, 2012a, p.2). See Figure 3.4 for an overview of the system. 

 

Figure 3.4: RDM system overview. (Illustration: Reelwell) 
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Dual Drill String (Figure 3.5): The most radical change from 

conventional drilling is the DDS where the drill string annulus 

transports the drilling fluid to the bit, and the return flow is transported 

to the surface through an inner drill string. This creates a closed-loop 

flow circulation system where the wellbore annulus is free of cuttings. A 

passive annular fluid is used to equalize the formation pressure.     

Dual Float Valve: The DFV enables downhole pressure isolation of the well. 

Flow Control Unit: the FCU is a control valve arrangement in which all the active drilling 

fluid is routed through. The purpose of the FCU is to ensure constant downhole pressure, and 

a computer is used to measure and monitor the status of the well.  

Top Drive Adapter: The TDA is dual conduit swivel that enables the drill string to rotate with 

the top drive.  

An optional component is the Piston (Reelwell, 2012a): The Piston is what allows RDM to 

potensially drill up to 20 km long horizontal wells. The Piston seals off the section below it, 

and allows for increased pressure on the section above the piston. This increased pressure 

functions as a hydraulic weight-on-bit.  See Figure 3.6 for a visualisation of the system when 

the piston is used. 

 

Figure 3.6: RDM system with piston. (Illustration: Reelwell) 

Figure 3.5 Dual drill string used 

in a RDM test run in Canada. 

(Photo: Reelwell) 
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The piston is will change the dynamic gradient when drilling long horizontal wells. The ECD 

in open holes will usually limit the horizontal reach. RDM achieves a static gradient due to 

the lack of flow in the wellbore annulus. This allows RDM to stay within the narrow pressure 

window in horizontal wells. See Figure 3.7 for an visualization of the difference in the 

dynamic gradients for horizontal drilling. 

 

Figure 3.7: ECD, dynamic gradient, (Illustration: Reelwell) 

 

3.2.1 RDM solutions to drilling problems in long horizontal wells. 

The Hole Cleaning challenge 

When drilling horizontal wells, cuttings tend to deposit in the lower parts of the horizontal 

well-hole forming accumulated cuttings beds, as shown in Figure 3.8.  

Figure 3.8. In horizontal wells cuttings tend to deposit in the lower half of the wellbore. (Illustration: Reelwell) 

 

Vestavik, Syse and Aleksandersen, (2010, p.4) argue that the RDM solves the hole-cleaning 

problems in long horizontal wells. The RDM cleans the hole from the bottom, and then 

transport the cuttings back to the surface trough the inner drill-string (Figure 3.9). 

Cuttings accumulations 
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Figure 3.9. Cutting transportation trough the inner drill string using the RDM leaving no cuttings in the 

horizontal wellbore. (Illustration: Reelwell) 

Conventional drilling methods transports the cuttings trough the annulus of the well, but the 

RDM leaves no cuttings in the annulus. This eliminates the risk of stuck pipes due to cutting 

accumulations along the horizontal bottom of the wellbore. 

 

 

Good hole cleaning also reduces the torque and drag, Torque and drag is produced form 

friction between the drill string and the well wall, and is particularly apparent in the horizontal 

and curved sections of the wellbore. Cuttings accumulations along the horizontal bottom of 

the well path might increase this friction even further (Vestavik, Syse and Aleksandersen, 

2010, p.5). 
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The ECD challenge 

Vestavik, Syse and Aleksandersen, (2010, p.4) defines the ECD as the additional pressure rise 

necessary for the drilling fluid in the annulus to flow back to the surface. The pressure at the 

end of the horizontal section, where the drill bit is located, is therefore higher than the 

pressure at the start of the horizontal section. The pressure loss is due to flow friction along 

the horizontal section of the well and drill fluid leaking into the formation.  

In order to maintain stability in the hole, it is important to keep the pressure within a limited 

range called the pressure window. According Vestavik, Syse and Aleksandersen, (2010, p.4) 

this pressure window can be relatively small, possibly in the range of 10 bar. When the 

dynamic ECD gradient is equal to the pressure window, the maximum length of the horizontal 

well section is reached (Figure 3.7). 

The RDM solves this problem simply by removing the dynamic ECD component because the 

return flow goes through the inner drill string. The horizontal drilling reach is no longer 

considered restricted by the ECD, as defined above. 

The WOB challenge 

In ERD wells it is a frequent problem to obtain a satisfactory WOB. The problem is 

particularly noticeable when drilling long horizontal sections in shallow reservoirs because of 

the short horizontal section. Insufficient WOB force may cause poor penetration rate, and 

time consuming drilling operations (Vestavik, Syse and Aleksandersen, 2010, p.5). 

The RDM resolve the WOB issue by using a 

sliding piston to push the bit forward. The piston 

is pressurized from behind, creating an additional 

hydraulic WOB that works independent of 

gravity. This creates a significant increase to the 

total WOB force achievable (Figure 3.10). 

 

 

 

 

Figure 3.10 Pressurized piston creating additional WOB. 

(Illustration: Reelwell) 
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Drill String Buckling Problems 

The WOB and down hole frictional forces compress the drill string, and this causes buckling 

of the drill string. Buckling may occur close up towards the drill bit an all the way back to the 

neutral point in the horizontal section. Pipe buckling further leads to additional down hole 

friction, and problems with transferring WOB forces to the drill bit (Vestavik, Syse and 

Aleksandersen, 2010, p.5). 

The RDM equipment layout might reduce pipe buckling the following ways (Vestavik, Syse 

and Aleksandersen, 2010, p.5): 

- If the sliding piston is in the horizontal parts of the well, only the drill string in front of 

the piston is in compression. Compression and buckling in the vulnerable curved 

sections of the well can hence be avoided.  

- A bigger drill string diameter has greater resistance against buckling. In conventional 

drilling a slimmer drill string reduces ECD. As described, the RDM eliminates the 

ECD problem and has the advantage of using a bigger drill string when drilling. 
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3.2.1 Advantages of extended reach drilling with RDM 

The longest horizontal section that had been drilled offshore was offshore Russia, and 

measured 11475 meters and was completed in 2011 by Exxon Neftegas Limited (Exxon 

Mobile Corp., 2011). If Reelwell can expand the horizontal drilling reach from 11 km to 20 

km this will increase the potential drainage area to existing platforms (Figure 3.11). If the 

horizontal reach increases with 9 km then the total drainage area will increase with 330 pct.  

 

Figure 3.11 – Increased extended drilling reach with RDM (Illustration: Reelwell) 

The advantages of being able to drill an extended reach well instead of having to use a 

subsea well with a tieback to a platform lies mainly in the difference in the rate of 

recovery between platform wells and subsea wells. The main conclusion is that platform 

wells have a higher rate of recovery than subsea wells (see chapter 3.3). Other potential 

advantages are that fewer platforms might be needed to cover a given oil and gas field.  
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3.3 Recovery rates. 

Hill (2010) comments in an article that “A study performed by Statoil, Hydro, and the NPD 

shows that the recovery factor from subsea wells is 15-20% lower than from wells with direct 

platform access”. An article from Salthe (2010) confirms this, and states that on a global scale 

recovery rates from subsea wells are 20 pct and those from direct platform connection are 40 

pct. Furthermore, Salthe (2010) explains that the reasons for the big gap in recovery rates are 

linked to the fact that platform wells can be maintained directly from the platform, whereas in 

order to perform maintenance on a subsea well an expensive rig must be hired.  

The difference in recovery rates is interesting for the case study where an extended reach well 

is compared to a subsea well. The IOR Expert Committee released a report 

(Utvinningsutvalget, 2010) which stated that their vision is to increase the recovery rate on oil 

fields in Norway. According to the committee, the average recovery rate for oil was 46 pct on 

Norwegian oil fields. An increase of one percent point in the average recovery rate would 

increase the gross value potential by NOK 246 billion according to the committee’s 

calculations.  
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3.4 Validation of data 

This chapter is for information only, and will give a short introduction on how to validate the 

data used in the model.  

When costs are included in a theoretical case study, the costs need some sort of validation in 

the form of data. The data can come from simulations or benchmarking. Benchmarking well 

costs are usually done with the support of a database called “Rushmore Reviews”. Rushmore 

Reviews is a company which provides drilling and completion data to those who participates 

in their program. To participate in their program one need to pay a fee and “must provide 

100% of the required data on 100% of the wells drilled in any country of participation” 

(Rushmore Reviews, 2012). Access to Rushmore Reviews is restricted to the participants of 

Rushmore Reviews’ program. 

By using the database in Rushmore Reviews one can easily make scatter plots of all the wells 

which contain the same parameters as your planned well. The scatter plots can then be used to 

show the different quartiles. These quartiles will be used in an estimation of the time and cost 

of the planned well. 

Reelwell does not have access to Rushmore Reviews at this date. If the model is to be applied 

on a real-life case study, then a participant in Rushmore Reviews would be approached and 

asked to verify the data and assumptions used.  

As applying the model on a real-life case is outside the scope of this thesis, verification 

though Rushmore Reviews has not been done. 
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3.5 Well cost estimation model 

Well costs are estimated using a model. Each company usually has their own custom models 

which are made according to their business plan. In this thesis we will use a generic cost 

estimation model based on the different models which the oil companies usually use (Anon, 

2012). The model will be presented below: 

The five step model for well cost estimation. 

1) Business plan, initiation report and feasibility study. 

2) Select a concept – economic analysis and well specification. 

3) Approval – Go/No go, AFE (Approved for Expenditure) estimation. 

4) Pre-drilling (pre-spud) estimation, the project is executed. 

5) EOW (End of Well) Report. 

Step 1: The initiation stage of the project. A business plan has to be made, an initiation report 

presented and a feasibility study must be executed. This thesis assumes that this stage has 

already been done, and that the different cases which are presented later in the thesis are 

feasible.  

Step 2: Different concepts are explored and analyzed, and a single concept is chosen. Each 

concept needs an economic analysis and well specification. At the end of this stage a concept 

will be chosen and forwarded to Step 3. We assume that we are at the point where different 

concepts are described and analyzed in this thesis. 

Step 3: A decision has to be made whether or not the concept chosen in Step 2 gets to 

continue or not. If go, then an AEF has to be made. At this point a detailed well design and 

execution plan as made. 

Step 4: A pre-spud estimation is made, and the project is executed. During the execution it is 

important so monitor and control the cost expenditures, and check how they match the 

estimations.  

Step 5: An EOW Report is made. At this point all the actual costs involved in the project are 

known, and an evaluation of the well cost estimations has to be done. 
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To summarize: The basic assumption of this thesis is that we are somewhere in step 2. This 

assumes that the concepts are feasible, and that the cases which will be presented later will 

focus on the economic analysis and well specifications.  

3.6 Determining which cost factors to include when estimating well costs. 

When deciding which cost inducing factors to include there is a balance which must be struck 

between too many details and too few details. At the high level estimate one could group the 

cost elements as: Rig, subsurface services, fluids, wellhead equipment and services, and 

logistics. Each element can further be broken down into sub-elements. E.g. subsurface 

services can be broken down to directional drilling services, wireline logging, mudlogging 

and fishing, milling and P&A services.  

The basic list of the elements which are usually present during an offshore well project drilled 

from a platform (Reelwell, 2012a): 

Rig 

Rig costs (all included) 

Subsurface services (grouped) 

Directional Drilling Services 

Wireline Logging (open and cased hole) 

Mudlogging 

Fishing, Milling and P&A Services 

Fluids (grouped) 

Cementing Services 

Drilling Fluids & Mud Engineering 

Drilling Waste Management 

Other Major Services 

Wellhead Equipment & Services 

Casing and Tubular Running Services 

Casing 

Tubulars (Conventional/RDM) 

ROV 

Logistics 

Helicopter 

Standby Vessel 

Supply Vessel 

Anchor Handling Vessels / Pre-laying of Anchors 

Logistics (base) 
Table 4: Cost-elements in offshore well (Reelwell, 2012a) 
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The list does not include the cost elements which are specific to subsea installations. In the 

case of subsea installations the following cost elements would be included (Reelwell, 2012b): 

 

Subsea production system 

X-mas three 

Control systems 

Installation 

Flowlines and umbilical 
 

Table 5: Cost elements in subsea (Reelwell, 2012b) 

Depending on the case, the level of detail of the list of cost elements will vary. Model CC 

where RDM is compared to the conventional drilling method will require a high level of 

detail. This is because the purpose of the case is to highlight the advantages RDM have over 

conventional technology when drilling the same well. Model FDA where one compares 

drilling a long horizontal well to reach a reservoir compared to a subsea installation demand a 

less detailed breakdown of the cost elements. In this model the purpose is to see how the net 

present value change depending on which solution is chosen. This requires a thorough 

economic analysis combined with a technical evaluation. A high level of detail in the cost 

estimation is not needed because individual cost break-down is not in itself interesting, the 

potentially increased NPV is the focus.  

Our list of cost elements and cost-breakdown elements was developed with input from 

Reelwell, and the final list reflects the elements which is a typical breakdown in the oil and 

gas industry.  

Each element or sub-element will be estimated by a fixed cost, a variable cost, or a 

combination of these. Fixed costs are costs that are independent of time. Examples are the 

costs of mobilization fee and depth dependent costs. The length or depth of the well is known, 

the depth dependent cost can be modeled as a fixed cost. Variable costs are all costs which are 

time-dependent. Examples of time dependent costs are logging and helicopter services.  

RDM will affect both the fixed and variable costs of certain elements. In a field development 

case we will assume that the given oil company is aware of the effects RDM have, and have 

included it in their cost estimations. 
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The cost-elements will not be discussed as they may vary from company to company. The list 

is an example of the cost-elements that Reelwell use, and the model reflects this. If other 

companies want different cost-elements, then the model would have to be changed 

accordingly.  

 

3.7 P10, P50 and P90 

Defining P10, P50 and P90 

The P10, P50 and P90 confidence levels are the same as the 10 pct, 50 pct and 90 pct 

cumulative frequency (Cooper Energy, 2010). In other words, P50 is the value which the 

estimates are expected to exceed 50 pct of the time (likewise with P10 and P90). P50 does not 

mean that the given value will occur 50 pct of the time.      

Probabilistic Methods for reserves estimation 

The total petroleum recovered is a product of rate of recovery and reservoir size (Figure 

3.12). According to SPE (2001, p.41) both these factors have an inherit uncertainty which can 

be described as a probability density function (PDF).  Probabilistic methods are commonly 

used as an estimation tool in order to describe the uncertainty range of remaining reserves and 

recovery rate (Gupta S., Gupta R., Elk and Vijayan, 2010, p.1). In order to obtain the 

distribution of the total petroleum recovered Monte Carlo simulations can be used. Once the 

sample space (all possible combinations of rate of recovery times reservoir size) is defined 

then a large (>1000) number of random combinations are chosen. The random samples are 

then arranged in a histogram, and a best fit of a continuous distribution is calculated in order 

to obtain the distribution of the total petroleum recovered.  

Figure 3.12: Sample space Figure 3.13: Fixed reservoir size 
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P10, P50 and P90 

SPE (2001) gives guidelines for a three leveled percentile evaluation model for reporting the 

dispersion in estimated total retainable reserves. The three levels are (with alternative names): 

- P90,  Proved 

- P50,  Proved + Possible 

- P10, Proved + Possible + Probable 

By this definition there is a 90% chance, or confidence, that the actual recovered reserves 

exceeds the estimates given in the P90 case. The P50 and P10 are defined in the same way 

where the confidence levels are 50% and 10% respectively. P50 is also known as the median 

value.  

To actually calculate the percentiles in retainable reserves is beyond the scope of this thesis. 

Model FDA is simplified by not defining any uncertainty related to the reservoir volume, and 

the reservoir size can then preferably be set to the median value (P50) as shown in Figure 3.11 

and Figure 3.13. Hence the recovery percent is the only contributor to the total reserves 

retained.  

However, multiple FDA-models can be set up with different percentiles for reservoir size, e.g. 

P10, P50 and P90 reservoir size as shown in Figure 3.14, giving a sample space matrix for the 

different value cases. 

 

Figure 3.14: Sample space matrix 
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4. Theory – Economics 

4.1 Capital budgeting techniques. 

Decision criteria are necessary when using a model to evaluate two possible solutions. The 

decision criteria include capital budgeting techniques, company policies and other stakeholder 

opinions. Capital budgeting techniques are methods which evaluate whether or not an 

investment is profitable. Company policies and other stakeholder opinions are other factors 

which must be taken into account when evaluating whether an investment is profitable or not. 

Examples include focus on using new and greener technology – even though the initial 

investment might be higher. The objective of the model includes modeling parameters which 

can support decision making with regards investments. Because the model can only take 

quantifiable parameters into consideration, the model is limited to focus on capital budgeting 

techniques. The next two sub-chapters will explain the use of Net Present Value (NPV) and 

Internal Rate of Return (IRR).  

4.1.1 Estimating Net Present Values. 

Net Present Value (NPV) will be calculated in the model in order to evaluate the extended 

reach well compared to the subsea installation. NPV is defined as the sum of future 

discounted cash flows less the initial investment, and if the NPV is greater than zero, then the 

investment is profitable (Hoff, 2010, p 394).  

A typical NPV formula is as follows Hoff, 2010, p 394): 

           
  

      

 

     
 

Where    is the initial investment at year 0,    is the cash flow in year t and r is the discount 

rate the company chooses to use. In this model    will be the post-tax cash flow in year t. The 

discount rate can be found by using the after-tax Weighted Average Cost of Capital (WACC) 

(Brealey, Myers and Allen, 2008, p 488). In other words r = after-tax WACC when r is 

assumed to be the expected rate of return of the companies projects.  

WACC is the overall required return on the firm’s outstanding securities, and reflects the 

average risk of the firm’s projects. In other words the WACC can be used as a hurdle rate – 
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“the minimum acceptable rate of return on a project” (Brealey, Myers and Allen, 2008, p 490, 

G-6 and G-14). After-tax WACC is defined as (Brealey, Myers and Allen, 2008, p 488): 

        
 

 
    

 

 
          ,  

Where E is market value of the firm’s equity. D is the market value of the firm’s debt. V = E 

+ D.    is cost of equity, and rd is cost of debt.    is corporate tax rate.  
 

 
 is the percentage of 

financing that is equity, and  
 

 
 is likewise the percentage of financing that is debt.  

   can be calculated by using Capital Asset Pricing Model (CAPM) which described the 

relationship between risk and expected return (Brealey, Myers and Allen, 2008, p 214): 

                  ,  

Where    is the risk free rate and    is the expected market return.   is the risk measure that 

compares the returns of the asset to the market over a period of time and to the market 

premium        . 

   is the effective rate that a company pays on its current debts. This rate is equal to    plus a 

risk premium that reflects cost and risk to the creditors.  

The formulas above show how it is possible to calculate a discount rate which is based on 

average risk a firm is willing to take on its projects. The discount rate r is however, defined by 

the user who might not necessarily define r = WACC.  

4.1.2 Estimating Internal Rates of Return.  

The internal rate of return (IRR) is defined as the discount rate (r from chapter 4.1.1) which 

gives a NPV equal to zero. The IRR is a different way of looking at the NPV; if IRR is greater 

than the minimum acceptable rate of return or cost of capital, then the project is profitable 

(Hoff, 2010, p 397). IRR is usually calculated by using software (e.g. Excel) because the 

calculations involve iteration and can be time consuming. 

According to Bierman (2012, p 1) the IRR will lead to the same results as the NPV as long as 

the investments considered are independent. If the projects are mutually exclusive, then the 

NPV is more reliable and accurate than the IRR. In the case of mutually exclusive 

investments only one investment will be approved. In this case, the investment with the 
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highest IRR might not necessarily have the highest NPV. E.g. investment A has an IRR of 10 

pct. and an NPV of USD 50 million, while investment B has an IRR of 5 pct and an NPV of 

USD 100 million. According to IRR, investment A should be chosen, but investment B 

clearly earns the company more money.  

IRR is popular because it can be used to show the difference between the required rate of 

return and the investment’s IRR. This is a measure of safety which can be used to evaluate the 

risk of the investment compared to investment’s return. The NPV does not give this measure 

of risk (Bierman, 2012, p 3). It should be noted that the NPV does take into account the 

minimum acceptable rate of return when calculating r (se chapter 4.1.1).   

Model FDA has to compare two investments which will be treated as mutually exclusive – an 

extended reach well (RDM) versus a subsea installation. IRR will be included as a output 

when showing the results of this comparison due to its popularity in among managers, and as 

a measure of risk.  

4.1.3 Calculating the NPV and IRR in the excel model 

The excel model has to be able to account for an important feature of production – decreasing 

unit costs. When production increases, then unit costs might go down. In order to model the 

value of this feature a “trick” was employed. First a cash flow is established for the case that 

no investment is made – we call this a base-line cash flow. Then a cash flow is calculated for 

RDM and SubSea using the total production (base-line + added and lost production from 

RDM or SubSea), and the NPV and IRR is calculated based on the difference between the 

cash flows for RDM and SubSea and the base-line.  
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4.2 The taxation of petroleum activities. 

In order to obtain a post-tax cash flow for the NPV-analysis, the model must be able to 

calculate the tax level which is levied at the projects. This chapter will attempt to give an 

overview of the Norwegian tax system with respect to petroleum activities.  

Oil and gas companies are subject to the regular company tax (28 pct) and a special tax (50 

pct) (Ministry of Finance, 2012). The total tax levied upon all oil and gas companies is 78 pct. 

There are two important factors which reduces the marginal tax rate: Depreciation and uplift  

Depreciation: The acquisition of production facilities and pipelines may be subjected 

to a linear depreciation schedule of up to six years (up to 16 2/3 pct. annually) as from 

the year the investment was made. 

Uplift: Uplift is an additional depreciation on the production facilities and pipelines 

which may be depreciated linearly over six years. The uplift has been 7,5 pct since 

2005, and can be used for 4 years, where the first year is the year the investment was 

made.  

The calculation of tax can roughly be set up in the following manner (Ministry of Finance, 

2012): 

Sales income (calculated by norm prices)  

- Operating costs (inclusive of exploration costs and indirect taxes) 

- Depreciation (calculated by rules particular to the petroleum sector) 

- Net financial costs (based on the ratio between the tax value of 

operating assets on the shelf and the average interest-bearing debt over 

the tax year) 

- Losses carried forward from previous years 

= Ordinary tax base at 28 pct. 

- Uplift (investment-based “supplementary depreciation”) 

- Unused uplift carried forward from previous years 

= Special tax base taxed at 50 pct. 

 

Table 6: Taxation of petroleum activities in Norway (Ministry of Finance, 2012) 

The norm price system: For tax purposes the price which petroleum is sold is calculated 

according to the norm price. The norm price is the price which petroleum could have been 

traded between independent parties in an open market. This is due to the widespread 

integration between purchasers and sellers, and the hard task authorities would have at 
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determining whether or not the oil prices are fair (Skatteetaten, 2010). Norm prices have only 

been determined for crude oil (Ministry of Finance, 2012). 

The post-tax cash flow will be used in the model to calculate the NPV (se chapter 4.1.1).  

In the case that a non-Norwegian tax system is used, an effective tax rate will be used in the 

model. It is outside the scope of this thesis to accurately describe the taxation system of all the 

different countries which might use RDM. The effective tax-rate is a useful approximation as 

it is easy to apply a flat tax-rate in Model FDA, but difficult to accurately model other tax 

systems than the Norwegian tax system.  

4.3 How to model oil and gas prices. 

When a project in the oil and gas industry is evaluated, the oil and gas prices are important 

decision criteria with regard to calculating the NPV (and other capital budgeting criteria). 

Modeling the behavior of oil and gas prices is very complicated. Many factors have an impact 

on a price-model, of which some are mentioned below: 

- Correlation between oil prices and costs in the valuation of the project. Price and cost 

tend to co-move because increased cost puts pressure on prices, and high oil prices 

increases demand for constrained resources such as oil rigs, specialized personnel, etc. 

This correlation has an impact on the NPV valuation, and the absence of this 

correlation may lead to errors of up to 25% under real option valuation (Costa Lima, 

Schiozer and Suslick, 2008, p 60). 

- Oil and gas prices are subject to unsystematic risk with regards to political and 

economic events in the world at large. Wars involving oil producing countries have a 

tendency to give rise to high oil prices (Williams, 2011) (Figure 4.1). Unsystematic 

risk is hard to quantify, and is easiest described using scenarios.  
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Figure 4.1: Crude Oil Prices (WTRG, 2011) 

This thesis will not attempt to model the oil and gas prices in a quantitative manner. Modeling 

oil and gas prices accurately is outside the scope of this thesis, and is not necessary as such for 

the purpose of the model.  

Model FDA has two options for modeling oil and gas price levels. Option one is to model the 

price levels as static. The assumption is that the minimum return rate at that price level is an 

expression of the investor’s risk aversion. In other words the combination of price level and 

the minimum return rate at that price level expresses how much risk the investor is willing to 

commit to. Option two is to make a forecast of the oil and gas price for the years in which the 

investment is active. There are no tools in the model which supports such a forecast – the user 

must acquire the forecast from other models.   
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4.4 Alternative solutions to the model 

This chapter is included in order to highlight two alternative approaches to making the model 

for Reelwell. The first two sub-chapters will explain briefly what econometrics and the 

generalized functional model are, respectively. The third sub-chapter will explain why these 

alternate solutions where not chosen.  

4.4.1 Econometrics  

Econometrics is the field of economics that concerns itself with the application of 

mathematical statistics and the tools of statistical inference to the empirical measurement of 

relationships postulated by economic theory (Greene, 2003).  

 

4.4.2 The generalized functional model 

The generalized functional model is a general framework which seeks to identify the relevant 

characteristics of drilling operations and show how these characteristics can be quantified in 

order to estimate the drilling costs (Kaiser and Pulsipher, 2007). The characteristics (factors) 

account for all the variables which can influence the total drilling cost such as drilling 

characteristics, well characteristics and formation evaluation. The downside to the generalized 

functional model is that it is complex and needs a large amount of data in order to be 

effective. 

4.4.3 Exclusion of the alternate solutions 

Ideally this thesis would have used a combination of econometrics and a generalized 

functional model for cost estimation. This approach demands a number of comparable wells 

where conventional drilling equipment and the RDM have been used. The data from the wells 

would have been used to establish empirical relationships between the factors which are used 

to describe the cost estimate (Kaiser and Pulsipher, 2007). Once the relationship between the 

factors has been defined, econometrics would be used to check how the oil price and the 

economic situation would affect the model.  

Unfortunately, Reelwell’s product has not been used in enough wells yet that this approach is 

viable. Furthermore, this approach requires more time than the four and a half months that this 

thesis had available. 
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5. Excel 

The model in this thesis was developed with Excel 2007. Excel 2007 is a spreadsheet 

application developed by Microsoft as part of their office suite Microsoft Office for the MAC 

OS X and Microsoft Windows operating systems. According to Mick (2010) Microsoft Office 

have had a steady 94 pct. market in 2010 and 500 million customers worldwide. Rigby and 

Oreskovic (2010) state that 81 pct of the companies in 2010 used Microsoft Office. The scope 

of this thesis specifies that the model is to be developed in Excel. This is due to the fact that 

the model should be accessible to as many potential customers as possible for Reelwell. 

Further information on the specific features of Excel 2007 can be found on Microsoft’s 

homepage.  

 

Figure 5.1 – Excel 2010 logo (Microsoft Office (2012)) 

 

 

Figure 5.2 – Print Screen form a blank Excel spreadsheet. 
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6. The value case model in Excel 

The value case model had to be able to handle two types of cases according to the initial 

scope: Cost comparison (CC) of a direct comparison between using RDM and conventional 

drilling equipment on the same well, and a field development analysis (FDA) where RDM is 

used to drill horizontally from a platform versus a subsea installation. This was accomplished 

by developing two models in Excel. Later the scope was redefined to that the value case 

model should be able to compare any two drilling programs and any two field development 

investment options. 

This chapter is divided in three sub-chapters. Chapter 6.1 gives a brief introduction to the 

structure of the model in order to give a foundation for the next chapters. Chapter 6.2 contains 

chapter 6.2.1 and 6.2.2 which explain in detail model CC and model FDA respectively. 

Chapter 6.3 details the seven development cycles mentioned in chapter 2.   

The documentation of the model needs by necessity screenshots of the Excel models. In order 

to make the screenshots easier to understand, the first screenshot of a spreadsheet will always 

be of the entire spreadsheet. The second screenshot will be a copy of the first, but with 

explanations of which main components are present. The remaining screenshots of the given 

spreadsheet will be used to highlight areas of interest. See Figures D1.1a and D1.1b in 

Appendix D for an example.  

For ease of reading a spreadsheet will hereafter be referred to as a sheet. Most of the 

screenshots are too large to be included in the text, and have been put in Appendix D. These 

screenshots have the prefix D, i.e. D1.1. 

Enclosed with the physical copy of this thesis is a CD-ROM containing the Excel-file with the 

value case model. Likewise does the CD-Rom copy delivered to UiS contain the Excel-file. 

The reader is recommended to browse the Excel-file in order to actually see how the model 

functions.  
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6.1 An introduction to the model 

A brief introduction to the model’s functional structure (see Figure 6.1) follows below. Note 

that this description explains the principles of the model, and does not describe the sheets 

which only contain information (such as the Main Menu, FAQ, Instructions: CC and 

Instructions: FDA). 

 

 

Model CC: The functional structure consists of three sheets – two sheets for input and one for 

results. The two input sheets are Input: Drilling programs and Input: Fixed costs and rates. 

The Input: Drilling programs is a sheet where the user can enter two different drilling 

programs for the same well. See Figure 6.7a (page 39) for an example of a drilling program. 

The Input: Fixed costs and rates is a sheet where the fixed costs and rates related to the 

drilling programs are entered. Results: Cost and Time shows a comparison of the costs and 

time usage related to the two drilling programs.  

Model FDA: The functional structure consists of five sheets – four for input and one for the 

results.  

The first input sheet is called Input: Key variables and is used to enter discount rates, tax 

rates, oil and gas prices and choose a system of measurement (US customary units or metric). 

The discount rates are used in the Results: NPV sheet in order to calculate the NPVs. The tax 

Figure 6.1. Showing the functional structure of the value case model 
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rate and oil and gas prices are used in the Input: Cash flow sheet in order to calculate a post-

tax cash flow. Lastly the system of measurement affects which unit is used when entering data 

in the Input: Production Profiles sheet.  

The second sheet Input: Cost estimate is used to define the cost of the two investment options 

(in this case an extended reach well and a subsea installation). The investment cost needs to 

be manually entered in the Input: Cash flow sheet at the year which the investment is made. 

The reason for this is explained in chapter 6.2.3.  

The third sheet is Input: Production Profiles. This sheet is used to enter the P10, P50 and P90 

production profiles. For each profile (P10, P50 or P90) a base profile for the entire field and 

the added or lost production for RDM or SubSea needs to be defined. The production figures 

are used to calculate the gross revenue per year of production in the Input: Cash flows sheet.  

The fourth sheet is Input: Cash flows. This sheet is used to calculate the post-tax cash flows 

which are later used in the sheet Results: NPV in order to calculate and compare the NPV of 

each investment option. A cash flow is needed for each investment option in P10, P50 and 

P90 (corresponding to the three production profiles). Each cash flow needs to include the 

operation costs, the transport costs, other costs (if any) and the investment costs.  

The fifth sheet is Results: NPV which shows a comparison of the NPVs and IRRs, a graph of 

the expected production and a graph of the present values of the cash flows. A matrix also 

shows how much production of oil or gas each investment option adds to the total production 

of the field.   
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6.2 Describing the final models 

This chapter will explain the model extensively and give a thorough overview of how the 

model is intended to be used. Due to the size of the screenshots of the model, most of the 

screenshots are included in Appendix D.  The reader is recommended to look at the 

screenshots in order to gain a deeper understanding of the model. Unless otherwise noted, all 

pages have a print button on them.  

6.2.1 Main Menu, FAQ and Toolbars 

The Main Menu is the main sheet of the model (Figure D1.1a), and contains a number of 

important elements that together give the user an overview of the two models and the features 

available. The elements are (Figure D1.1b): A flowchart showing the two models, a legend 

describing the flowchart, a button to the FAQ, a logo giving access to Reelwell and a 

disclaimer and copyright. 

The Flowchart shows all the sheets involved in two models, and the names of each sheet in 

the flowchart are hyperlinks to their respective sheets (Figure D1.1c). This allows the user to 

access on any given sheet in the model via the Flowchart. 

The FAQ is accessed through the button on Main Menu and hyperlinks links on other sheets 

where applicable. The FAQ includes only information in common problems that might occur 

and other issues that the user needs to be aware of. Details in the FAQ will be given when the 

appropriate sheets are explained. The FAQ includes a button allowing access back to the Main 

Menu, a button for searching the FAQ and a list of questions and answers (Figure D1.2). 

All sheets except the Main Menu and FAQ have a toolbar on the top of the page. These 

toolbars show all the relevant sheets in the given model, and is used to quickly navigate the 

model (Figure 6.4 and Figure 6.5).  

 

Figure 6.2. The toolbar for model CC. Each of the blue boxes is a direct link to the given sheet. Activated sheets are 

shown as green, e.g. Input: Drilling programs. 

 

Figure 6.3. The toolbar for model FDA. Each of the blue boxes is a direct link to the given sheet. 
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6.2.2 Model CC – Comparing RDM with conventional equipment 

Model CC consists of four sheets: Instructions CC, Input: Drilling programs, Input: Fixed 

costs and rates and Results: Cost & Time.  

Instructions CC 

Instructions CC is the first sheet in model CC. This sheet explains what this model’s case 

study is (comparing RDM to conventional equipment), which assumptions that are made and 

which steps the user need to complete in order to get the cost analysis in Results: Cost & Time 

(Figure D2.1a and Figure D2.1b). There is also an option button which allows the user to 

choose their preferred system of measurement – metric system or US customary units. 

Input: Drilling programs 

Input: Drilling programs is the second sheet and is used to enter two drilling programs (see 

Figure 6.7a. Figure 6.7b shows the three main components in the sheet: The input section for 

the drilling programs, a simple risk analysis with respect to time and a graph showing time 

versus depth.  

 

Figure 6.4a - Sheet Input: Drilling Programs 
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Figure 6.4b - Sheet Input: Drilling Programs 

  

The drilling program input section allows the user to specify how many sections that will be 

drilled, if a liner is being used and if one of the drilling methods uses one less casing. RDM 

might have the potential to save a casing, and this feature is implemented in the model.  

The risk analysis allows the user specify P10 and P90 as a percentage of P50. In other words 

P50 is defined as 100 pct and P10 and P90 are defined relative P50. E.g. P50 is 100 hours, 

P10 is 120 pct (120 hours) and P90 is 80 pct (80 hours). This feature is a way of showing the 

sensitivity of the drilling programs with respect to time. 

The graph is a visual representation of the time and depths in the drilling programs. The graph 

serves as a way to ensure that the data which is entered in the drilling programs make sense. If 

the graph looks wrong, some data may have been entered wrongly. 

Input: Fixed costs and rates 

Input: Fixed costs and rates is the third sheet, and is used to enter the fixed costs and rates 

(time and depth) and combine them (Figure D2.2a). The main components in this sheet are 

(Figure D2.2b): the input section for the fixed costs and rates, the key times and depths (from 

Input: Drilling programs), total costs of P50 and set of buttons for showing/hiding the total 

costs of P10 and P90.   
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The input section for the fixed costs and rates is used to enter the estimated cost-elements 

related to each drilling program. The user is free to model the cost-elements in any way 

desirable. Costs may be fixed, rate/day, rate/meter (or feet) or a combination of the three. A 

list of the cost element is given in chapter 3.6. 

The key times and depths section is a matrix with values extracted from Input: Drilling 

programs. These key figures are used together with the fixed costs and rates to calculate the 

total costs. At the bottom of the matrix the user has the possibility of adding a user-defined 

value. 

If the buttons for showing the total costs to P10 and P90 are activated the columns hiding the 

total costs are revealed (Figure D2.2c). Figure D2.2d shows the main elements when P10 and 

P90 are revealed: Tables with the total costs of P10, P50 and P90 and the time usage in pct to 

P10 and P90. The total cost sections are where the user combines the fixed costs and rates 

with the key times and depths in order to arrive at the total costs for each drilling program. 

The time usages in pct are used to define the P10 and P90 time estimates. The user must 

manually multiply the percentages with the relevant time-dependent costs from the P50 total 

costs table.  

Results: Cost & time 

The final sheet is Results: Cost & Time (Figure D2.3a). The purpose of this sheet is to show 

the cost difference between the two drilling programs in question. The sheet consists of three 

main components (Figure D2.3b): A cost comparison table, buttons and a graph.   

The cost comparison table shows the cost-elements from the sheet Input: Fixed costs and 

rates, and show the difference between the two drilling programs (Figure D2.3a).  Figure 

D2.3d shows P50 and its cost-breakdown structure.  

The configurations of the table are controlled by the buttons (Figure D2.3b). Depending on 

which buttons are active, the table is configured accordingly. The table shows initially the 

main cost-elements and the P50 estimate of the costs (Figure D2.3a), but can be expanded to 

show the cost breakdown and/or the P10 and P90 cost estimates. Figure D2.3c shows P10, 

P50 and P90, but with the cost breakdown collapsed. Figure D2.3e shows P10, P50 and P90 

with their corresponding cost-breakdown. 
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The graph is used to highlight the spread between P10, P50 and P90, and thus serve as a basic 

risk analysis with respect to the influence the uncertainty around the time-usage in the drilling 

programs have on the total cost.  
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6.2.3 Model FDA – Comparing an ER well (RDM) with a subsea installation 

Model FDA consists of 6 sheets: Instructions FDA, Input: Key Variables, Input: Estimate 

cost, Input: Production profiles, Input: Cash flows, Results: NPV and ProdGraph.  

This model assumes that “no investment” is the option where nothing is done because it is not 

possible to reach the outlying reservoir with conventional technology (Figure 6.8). An 

extended reach well using RDM can reach the outlying reservoir (Figure 6.9) and likewise 

with a subsea installation (Figure 6.10).  

 

Figure 6.5 – Conventional drilling reach (Illustration. Reelwell) 

 

Figure 6.6 - Extended well using RDM (Illustration. Reelwell) 

 

Figure 6.7 – Subsea installation with tieback to the platform (Illustration. Reelwell) 
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Instructions FDA 

Instructions FDA is the first sheet in model FDA. This sheet explains what this model’s case 

study is (comparing an extended reach well with a subsea installation), which assumptions 

that are made and which steps the user need to complete in order to get the NPV and 

production analysis in Results: NPV (Figure D3.1a and Figure D3.1b).   

Input: Key variables 

The Input: Key variables sheet allows the user to specify the key variables which will be later 

used in the model (see chapter 6.1) (Figure D3.2a). There are four key components on the 

sheet (Figure D3.2b): An option button for choice of system of measurement, an option button 

for choice of tax system, an option button for choice of model of oil and gas prices and lastly 

a box for inputting the discount rates.    

The option button for choice of system of measurements allows the user to choose between 

the metric system and the US customary units. This choice affects how the historic data in the 

sheet Input: Production profiles is shown. The user is highly advised to be consistent in his or 

her choice of system.  

The option button for tax system allows the user to either model the tax rate as an effective 

tax rate or model the Norwegian tax system. This affects how the tax is calculated in the 

Input: Cash flows sheet. Details on the consequences of each choice will be explained in that 

sheet. 

The option button for choice of model of oil and gas prices gives the user a choice between 

using either static or dynamic oil and gas prices (Figure D3.2c and Figure D3.2d). If a 

dynamic oil and gas price model is chosen the user must enter the oil and gas price for each 

relevant year. It is beyond the scope of this thesis to allow the user to enter a formula which 

reflects changes in the oil and gas prices. In this thesis we have chosen to use static oil and 

gas prices for simplicity’s sake. The oil and gas prices are used for calculating the revenue in 

the Input: Cash flows sheet. 

The box for entering discount rates allows the user to enter the desired discount rate for the 

two investment options. The discount rates are used in the NPV calculations in the Results: 

NPV sheet.  
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Input: Estimate cost 

Input: Estimate cost is the third sheet, and is where the user specifies how much he or she 

estimates the investment options are going to cost (Figure D3.3a). Due to limitations in Excel 

it is difficult to program a feature where the investment cost can be transferred to any given 

year in the sheet Input: Cash flows. Input: Estimate cost is the only sheet where the output 

(total cost of each option) has to be manually transferred to another sheet (Input: Cash flows). 

The sheet has four main components (Figure D3.3b): A table for entering the costs of RDM, a 

table for entering the cost of the subsea installation, a button to show/hide P10 and P90 and 

two buttons to allow use of a cost-breakdown structure of the cost-elements. The default mode 

of the sheet shows only P50 and does not use the cost-breakdown structure (Figure D3.3a). 

The tables for entering the costs of RDM and the subsea installation: These tables use high-

level cost-elements – rig rate, spread cost, completion, rig upgrade cost (RDM only) and 

subsea production system (subsea only). When the cost-breakdown structure is used (Figure 

D3.3c) each cost-element will show its sub-component if applicable. 

The button for showing/hiding P10 and P90 is to show or hide the columns containing P10 

and P90 (Figure D3.3d). The user can model the uncertainty inherit in the investment costs, 

and link it to P10, P50 and P90. This will be reflected in the cash flow in the sheet Input: 

Cash flows. On the other hand, the user might not want to model the uncertainty related to the 

investment costs, and would rather use the P50 estimates in all the cash flows. This is the 

reason for implementing a show/hide P10 and P90 button. 

There are two buttons which together allows the user to use or not use the cost-breakdown 

structure. The first button is a checkbox. As long is the button is unchecked, the cost-

breakdown structure with its entered values is not used and the second button is non-usable 

(Figure D3.3b). If the checkbox is checked, then the second button allows the user to expand 

or collapse the cost-breakdown structure (Figure D3.3b) 
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Input: Production profiles 

Input: Production profiles is the fourth input sheet and this sheet gives the user the option to 

define a production profile for P10, P50 and P90. The first part of the sheet is a menu (Figure 

D3.4a). This menu contains seven main components (Figure D3.4b): Two components that 

are used throughout the sheet – a button for showing the menu and a set of useful buttons. 

These two components will always be visible in this sheet. The remaining five components 

are only visible when the menu is shown. The five components are: A set of buttons for 

selecting the P10, P50 or P90 input section, a cell which allows the user to specify the starting 

year of the profiles (if historical data is used, the starting year will be decided by that data), 

three boxes giving information on the P10, P50 and P90 sections, a cell for entering the total 

reservoir size, a cell for entering the total reservoir size, and a set of checkboxes that decides 

whether or not oil, gas, NGL or condensate is shown in the input section.  

The set of useful buttons (Figure D3.4b) consists of: 

Load base profile: Selects the historical data from a Norwegian oil field. This button is 

only usable when entering the profile to P10, P50 or P90.  

Reset profiles: Resets all the profiles to zero. When pressed, a box will pop up, and the 

user must confirm that he or she wants to delete all current data. 

Link forecasts to P50: This button links the forecasts of the base profile to P50 to those 

of P10 and P90. In other words, the P50 base profile forecast is copied to P10 and P90. 

All changes in P50 apply to P10 and P90 automatically unless the respective cells in 

P10 and P90 have been manually altered after the linking. 

Show production chart: This button is a hyperlink to a different sheet (ProdGraph) 

which is used to visualize the production profiles.  

The three sections of inputting P10, P50 and P90 are functionally the same, and therefore only 

the section for inputting the P50 profile will be explained (Figure D3.4c). The profile contains 

five key components (not including the show menu button and the set of useful buttons) 

(Figure D3.4d). Three of the components are linked in a table. They are used for inputting the 

forecast to the base profile, the RDM and the subsea installation. The input section for RDM 

and SubSea contain the option for inputting both the added and the lost production. Being 

able to model lost production is important because drilling a new well from a fixed platform 
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implies that other maintenance work will not be performed, and therefore production will be 

lost or delayed. There is an output section showing the total production figures when the 

RDM and SubSea is added to the base profile. This information is included in order for the 

user to be able to check that the total production figures are correct. Lastly there is a table for 

inputting the assumed recovery rates for RDM and SubSea. This is an important assumption 

as it dictates how much oil will be recovered from the reservoir.  

Important: The production profiles must be correct when the cash flows are to be entered. If 

the production profiles are wrong, then the NPV calculations will not be correct.  

ProdGraph 

The ProdGraph is a sheet which is used to create a dynamic capable of showing historic 

production, the forecast of the base production and added/lost production through RDM 

(Figure 6.8a) The ProdGraph has four components (excluding the toolbar and print button) 

(Figure 6.8b): A set of two checkboxes for choosing to see the historic production and/or only 

the added production due to RDM and Subsea, a set of checkboxes for choosing to show/hide 

oil, gas, NGL or condensate, a set of three buttons to choose the P10, P50 or P90 production 

graphs and lastly the graph itself.  

 

Figure 6.8a – Sheet ProdGraph showing oil production on the Snorre field. The sheet also demonstrates a fictional oil 

production forecast trough 2030 with both RDM and Subsea production totals. 
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Figure 6.8b - Sheet ProdGraph explained. 

If the historic data checkbox is checked and the “Show only added production” checkbox is 

left unchecked the historic production will be shown, and the base profile, forecast and total 

production due to RDM and SubSea are shown (Figure 6.8a).  This configuration of the graph 

allows the future production to be shown in light of the historic production. Because the scale 

of production is very large when the historic production is shown, it is difficult to see the 

difference between the production to RDM and SubSea. 

 

Figure 6.8c - Hiding the historic production in the sheet ProdGraph 
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Figure 6.8d - Hiding the historic production in the sheet ProdGraph with the settings explained. 

If the set of checkboxes for showing historic data and added production are both left 

unchecked, then the base profile forecast and the total production figures due to RDM and 

SubSea will be shown (Figure 6.8c and Figure 6.8d). Due to the scale of production, the 

difference between the base profile forecast, RDM and Subsea are hard to tell apart. 

If the only the checkbox “Show added production only” is ticked, then only the total 

added/lost production due to RDM and Subsea are shown (Figure 6.8d and Figure 6.8f). This 

configuration is the best one to show the difference between RDM and SubSea.  
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Figure 6.8e – Resolving the scale problems in the sheet ProdGraph by showing the added and lost production relative 

to the forecast. This solves scale problems as seen in figure 6.8a. 

 

Figure 6.8f – View options explained in the sheet ProdGraph for showing added production only. 
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Input: Cash flows 

Input: Cash flows is the fifth and last input sheet. The purpose of this sheet is to obtain an as 

correct as possible post-tax cash flow in order to calculate the NPV and IRR for RDM and 

SubSea. In this sheet the user will fill in the costs related to the investment options in P10, 

P50 and P90. As with the previous sheet, the first section of the sheet is a menu (Figure 

D3.5a). This menu consists of four components (Figure D3.5b): A set of three buttons which 

are linked to the sections where the input to P10, P50 and P90 can be filled in, a set of three 

textboxes with information on P10, P50 and P90, a button to return to the menu and a set of 

three small buttons used to select the given investment option to be filled in (no investment, 

RDM and SubSea).     

There are a total of nine sections which need input: Three options (no investment, RDM and 

SubSea) for P10, P50 and P90. Because all the nine sections are functions in the same manner 

only one of them will be explained in detail, in this case it is the no investment option in P50 

(Figure D3.5c).   

There are two components of interest in the input section (Figure D3.5d): A title which 

explains which of the nine sections the user is currently viewing and a row which explains 

what exactly the viewer needs to fill in. The first column is the years which are of interest 

(typically starting at 2012). The second to fifth column contain the data from the production 

profile (total production). The sixth to ninth column contain the oil and gas prices. The tenth 

column is the revenue which is calculated based on the previous eight columns. The next six 

columns are where the user can input costs and depreciation and uplift (if applicable). The 

eleventh and twelfth columns are where the operation and transportation costs are to be filled 

in, respectively. The costs entered are the total costs for each option. In the RDM and SubSea 

option this means that the costs for the base-line is included. Then the thirteenth column is 

where the investment cost of each option is to be entered. The fourteenth column is for other 

costs – it is up to the user to define what “other costs” are. The fifteenth and sixteenth column 

are for depreciation and uplift, respectively, if the Norwegian tax system is used. If an 

effective tax rate is used, then these columns will be hidden. The seventeenth column shows 

the calculated tax, and the eighteenth column shows the calculated discretionary cash flow. 
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Results: NPV 

Results: NPV is the culmination of model FDA – here the analysis of the two investment 

options is presented (Figure D3.6a). This sheet focuses in two things (Figure D3.6b): An 

analysis of the oil and gas production due to the investment options and a NPV and IRR 

analysis. The sheets has the option to show the P10, P50 and P90 cash flows for RDM and 

SubSea (Figure D3.6c). 

The analysis of the production has five components (Figure D3.6d): A table showing the total 

production figures, a table showing the added production from the investment options, a table 

showing the recovery rates of each investment option, a table showing the total reservoir size 

and the ProdGraph which is a customizable graph showing the production.  

The NPV and IRR section consists of five components (Figure D3.6e): A table showing the 

investment costs for RDM and SubSea (P10, P50 and P90), a table showing the discount rates 

used, a table comparing the NPV and IRR of RDM and SubSea, a graph showing the PV of 

RDM and SubSea and a graph comparing the NPV of RDM and SubSea.  
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6.3 The development cycles 

The development of the model can roughly be divided into seven development cycles (see 

chapter 2). Using the structure presented in chapter 6.1, a description when each sheet was 

developed follows below. Chapter 6.2.1 to 6.2.7 explains each cycle in detail, and here it will 

be specified which author developed what. A thorough description of each model was 

presented in chapter 6.2.1 and 6.2.2. 

An overview of the seven development cycles:  

1) Tentative suggestion on how the Cost estimates in CC and FDA should look like.  

2) First draft of the Input: Production profiles (single profile at this time) in FDA. First 

draft of Results: Cost and time in CC. 

3) Drilling programs in CC with modifications to the results. Draft of the Cash flows for 

FDA. 

4) Refinement of Input: Production profiles (expanded to choose one of three user-

defined profiles) and completing the Input: Cash flow sheet in FDA. Creation of Key 

variables in FDA. 

5) Creation of the Flowchart and the Menu bars on each sheet. Completion of CC. 

6) Refine Estimate cost in FDA to have a spread cost. Expand Input: Production profiles 

in FDA to have three active profiles (P10, P50 and P90) and expand the Input: Cash 

flows to account for the three profiles. Change the Results: NPV in FDA to show the 

comparison and results of P10, P50 and P90. 

7) Clean-up, debugging and creating two model cases for showing how the model 

functions. 

See Figure D1.1a for an overview of the sheets in the model. 
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6.3.1 Development cycle 1 

At the start of the development cycle a meeting was held with Reelwell. The meeting was 

spent on discussion the formal details around the thesis and what Reelwell expected from the 

model. Reelwell had unfortunately very little information regarding the cost-elements in 

model CC and model FDA. This created major complications in creating the value case 

model.  A lot of time in this development cycle was spent on understanding and researching 

which cost-elements that was to be included in the value case model.  

Liew: The initial draft of the cost-elements was made by Liew, and this draft was the 

foundation of the cost estimate for model CC and FDA. Liew went on to focus mainly on the 

cost-elements in model FDA. 

Viken: Viken started working on the cost elements in model CC, and  made a prototype of the 

sheet Input: Fixed Costs and Rates in Excel. 

6.3.2 Development cycle 2 

The results from development cycle 1 were presented to Reelwell at start of cycle 2. The 

feedback was generally positive, and only minor improvements were suggested. 

Improvements included changing the layout of the cost-elements and including the 

modification cost when using RDM as a cost-element. It also became clear that it was best to 

develop generic models, rather than case-specific models, due to the lack of cost and benefit 

data. Model FDA was decided also had to focus on the added or lost production to each 

investment option.   

Liew: In this cycle Liew started developing a prototype of the sheet Input: Production 

profiles in model FDA. The prototype included only one production profile (P50). If the 

prototype proved successful, then it would be expanded to include more than one production 

profile. 

Viken: After updating the cost-elements as suggested in the feedback, Viken started 

developing a prototype of the sheet Results: Cost and Time in model CC. Cost data in this 

sheet was imported from the sheet Input: Fixed Costs and Rates. In the sheet Fixed Costs and 

Rates, a list of drilling parameters that could wary with depth and time was created. This list 

was modified in later development cycles.  
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6.3.3 Development cycle 3 

At the third meeting Reelwell had a better understanding of what they wanted the model to 

do. This time the feedback and suggestions were more specific and it became easier for the 

authors to develop the value case model. Reelwell handed out an anonymous example of a 

drilling program with a time versus depth chart. This example was used as a foundation for 

the sheet Input: Drilling programs.   

Reelwell requested a graph of the petroleum production, the total production of the field 

(including RDM and SubSea) and the added or lost production from RDM and Subsea. 

Reelwell provided some information on the oil, gas, NGL and condensate pricing in order to 

assist with modelling the cash flows in model FDA. 

During this development cycle Reelwell and the authors discussed if one workbook (one file) 

should be used for both model CC and model FDA, or if the models should be in separate 

workbooks. Reelwell concluded with that they wished for one workbook in order to minimize 

the amount of workbooks needed for demonstrations to potential customers. The solution was 

to use macros (codes) in order to make the workbook user-friendly. The danger of using one 

workbook to host two models is that the workbook have a large number of sheets, and this 

could make manoeuvring in the workbook difficult.   

Liew: Created the sheet Input: Key Variables. The purpose of this sheet was to collect 

relevant input data such as petroleum prices, choice of system of measurement (US customary 

units and the metric system), choice of tax system (effective tax rate or the Norwegian tax 

system) and discount rates. He also set up a choice of system of measurements in the sheet 

Instructions CC in model CC. 

Liew developed the sheet Input: Cash flows. First a prototype was created if no investment 

was done (called “no investment”), and then expanded to include a cash flow for the two 

options (RDM or SubSea). The three options were listed on three separate sheets in this cycle. 

The “no investment” option was important in order to establish a baseline that the two other 

options could be compared to. All costs and production numbers included the total costs and 

production on the field plus the outlying reservoir (see chapter 4.1.3).  
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Lastly, Liew created a draft of the Results: NPV in which the results from the Input: Cash 

flows where exported to. The discount rates in sheet Input: Key Variables were used to 

calculate the NPV in Results: NPV.  

Viken: Viken started developing the sheet Input: Drilling programs based on the drilling 

program which Reelwell handed out. The drilling programs in the sheet gave outputs to the 

list of drilling parameters in sheet Fixed Costs and Rate. The outputs were the parameters 

dependent on time and depth.   

Viken went on to create a simple version of the sheet later known as ProdChart in model 

FDA. The chart showed the total petroleum produced with both RDM, Subsea and “no 

investment”. 

Lastly, Viken focused on researching Excel macro codes which could be useful in the further 

development cycles. This was viewed as a necessity in order to make the models more 

dynamic and adaptive as generic models. Viken then applied simple macros for showing and 

hiding rows in the sheet Input: Drilling programs. This feature made the sheet dynamic in 

that the user could specify the number of sections to be drilled, and whether or not a liner was 

used. . This sheet were left with minor shortages for later to be improved.  

 

6.3.4 Development cycle 4 

Reelwell were pleased with the progress during the last development cycle. They agreed with 

the usage of macros and the features they enabled. Input: Cash flows and the NPV 

calculations in Results: NPV in model FDA were approved. Likewise was Input: Drilling 

programs approved.  

Improvements on the sheet ProdGraph were suggested, such as being able to hide/show oil, 

gas, NGL and condensate. They also requested IRR calculations in Results: NPV. The oil and 

gas prices in Input: Key variables had to have the option to enter dynamic prices in order to 

more accurately model the NPV and IRR. In order to have an as accurate portrayal of the 

uncertainty in the investment options in model FDA Reelwell expressed a wish for P10, P50 

and P90 estimates in Input: Estimate Cost and Input: Cash flows. Similarly Reelwell wanted 

P10, P50 and P90 and model CC:  



57 

 

Liew: Liew continued working on Input: Cash flows. The previously three sheets (No 

investments, RDM, SubSea) where combined into one. Now the implemented macros allowed 

the user to easily select among the three options (“no investment”, RDM or SubSea). When 

this was complete Liew started working on implementing the Norwegian tax system in the 

sheet Input: Cashflows. 

In the sheet Results: NPV Liew added the option to show or hide the yearly NPV by using 

macros linked to a button. The IRR for the different field development options was also 

added.  

Liew started developing the Flow Chart on the sheet Main Menu, and the layout in Main 

Menu was used to develop the Toolbars on each sheet. The Flow Chart was made in order for 

the user to have an instinctive understanding of the models as a whole, and be able to quickly 

navigate the models. Then Liew added a toolbar to all the sheets based on the flowchart in the 

sheet Main Menu. Hyperlinks were added in the toolbar for all of the sheets. This allowed the 

user to select any given sheet in a model.  

Viken: Viken continued the work on the sheet Input: Drilling programs. Unresolved issues 

were resolved such as errors in graph representation, total “test BOP” days calculations and 

issues in the “run and cement casing” days calculations when 6 sections were drilled using a 

liner. A risk analysis on time usage with P10, P50 and P90 were implemented. 

Implementing P10, P50 and P90 required the sheet Input: Costs and rates to be updated with 

data from the risk analysis. 

This gave output values to the sheet Results: Cost and time where Viken also added the 

possibility to hide and show P10, P50 and P90 in the results. A command button for showing 

and hiding the Cost-breakdown was implemented. Viken also created a cost and time 

comparison chart of the values P10, P50 and P90 in the sheet Results: Cost & Time. 

When Results: Cost and time was complete Viken continued the work of Liew on the sheet 

Input: Production profiles. The sheet was expanded to be able to upload historical data from 

existing Norwegian offshore oil fields. Furthermore the sheet allowed the user to enter three 

user-defined profiles, the P10, P50 and P90. A matrix showed the differences in petroleum 

produced with the different methods of field developments. Liew later placed these matrixes 

in the sheet Results: NPV. 
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Viken continued the previous work on the sheet ProdGraph. Checkboxes for which type of 

petroleum produced to show in the graph was created. This allowed the user to choose which 

of oil, gas, NGL and/or condensate he or she wanted to see in the graph.   

When this ProdGraph was complete Viken went on to further development of Input: Key 

variables and set up a choice between a static oil and gas price or variable with respect to the 

years, as requested. The chosen option was set to change the petroleum prices shown in the 

sheet Input: Cash flows.  

 

6.3.5 Development cycle 5 

Reelwell was pleased with the work from development cycle four. They saw the flowchart in 

the sheet Main Menu as a great overview of the models, and saw the toolbar as a neat 

navigation tool that gave a better understanding of the models. 

This cycle was affected by a major change in the model. Previously the model assumed that 

only one production profile in model FDA was active at any given time, and that the user 

manually had to change the profile in order to see the other two profiles. Together with 

Reelwell the authors came to the realization that in order to accurately describe P10, P50 and 

P90 of the production profiles, they needed a cash flow each. In other words Model FDA 

needed three active profiles and three active cash flows (each cash flow including the three 

investment options). The Results: NPV needed to accommodate this fundamental change, and 

was redone completely to reflect this. 

In order to ease the navigation in the sheet Input: Production profiles, it was decided to create 

an internal navigation menu for the sheet. 

During the meeting Reelwell informed that RDM could have the possibility of using one less 

casing compared to conventional drilling methods, and that this should be reflected as a 

possibility in the sheet Input: drilling program. Reelwell also expressed a desire that the costs 

in Input: Estimate costs should include a spread cost.  

Liew: Liew created cash flows for P10 and P90 in the sheet Input: Cash flows.  
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When this sheet was completed, Liew focused on the sheets Instructions FDA and 

Instructions CC. These sheets were created in order to give the user an understanding of the 

assumptions behind each model and a step-by-step explanation of how to use the models.   

Viken: Viken continued working on model CC and started debugging and fixing minor 

problems. Viken also created a check box for skipping a section when using the RDM in 

Input: Drilling programs. 

Viken then created a menu for navigating through the different production profiles in the 

sheet Input: Production Profiles for ease of use. A series of checkboxes was also created in 

order to simplify the input of the different petroleum produced. If the same forecast in 

production were to be used in all the three profiles, an option to “link” the forecasts was 

created. 

When Viken had finished Input: Production profiles, he improved the ProdGraph further. 

The chart now had the opportunity to show only added and lost production from Subsea and 

RDM relative to the forecast. An option to choose between P10, P50 and P90 was enabled in 

the production graph. 

Viken applied the same feature to the production graph in the sheet Results: NPV. Lastly he 

created a graph showing the NPV to RDM and subsea. This graph compares the NPV ranges 

of P10, P50 and P90.  

 

6.3.6 Development cycle 6 

Liew: Liew changed Input: Estimate cost sheet. The function of whether to use simple spread 

costs or a more detailed cost breakdown was added. When this was done Liew went on to 

start working on the Results: NPV where the yearly NPV for P10 and P90 was added to the 

option “Show yearly NPV”.  

Viken: Viken changed the Input: Production profiles and the production graph further so that 

settings from the sheet ProdGraph all applied to the production graph he placed on the sheet 

Results: NPV. Viken then went on debugging and checking that all the functions on the sheet 

Input: Key variables functioned properly. He also fixed minor and major bugs that might 

appear throughout of the model such as return on tax if the cash flow were negative in the 
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sheet Input: Cash flows. Also all years were set to adapt the system clock in the model FDA. 

This enhances the model to be usable in year 2013 and so on. 

 

6.3.7 Development cycle 7 

Reelwell gave suggestions to sensitivity analysis e.g. how much can the petroleum production 

be reduced before the field development is not profitable, and more. Furthermore Reelwell 

also wished for a tutorial on how to use the model, and a model intended for demonstrations 

with potential customers. These were all good suggestions, but the workload involved was so 

high that the authors deemed it appropriate to implement these features after the thesis was 

delivered to UiS. In order to continue developing the model after the thesis was complete 

Reelwell decided offer the authors a summer job which was accepted.  

This cycle was devoted to debugging, testing and improving the help functions of the model. 

Additional cell validations were written. Errors in specific inputs would give the user 

feedback on this as an error message explaining the problem and solutions. Many macros 

were rewritten in order to make them easier to run in the worksheet. This created the 

impression of a smoother and quicker workbook. It was checked that all input and output 

values had legends showing the right value format. The FAQ section was further updated and 

a simple search function for key words was added. The sheets in the workbook were protected 

from editing, and only input cells were set as selectable. A userform enhancing the printing of 

the sheets trough macros were added in order to make printed reports of the model easier.  

The work done in this development cycle was of the type that is difficult to specify whom did 

what. Most of the debugging had to be double-checked by both authors independently in order 

to be sure that no mistakes had been done. At this stage the model was of sufficient 

complexity that both authors were needed if changes were to be implemented.  
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7. Discussion 

7.1 What can the models actually do? 

There is a distinct difference between what a model does, and the applications a model have. 

This chapter will discuss what the models actually do, and the next chapter will discuss the 

applications of the models. 

Model CC can be used to compare two different drilling programs and analyze the differences 

in cost and time. In this thesis the drilling programs have been restricted to a drilling program 

using RDM and a drilling program using conventional equipment. Model CC can however, be 

used to compare any two drilling programs.  

Model FDA can be used to compare two possible investments with respect to field 

development and analyze the production, NPV and IRR. In this thesis the investment options 

are limited to the comparison between an extended reach well (RDM) and a subsea 

installation. Both the options are assumed to drill in the same outlying reservoir, and thus 

adding to the overall production of the given field. Model FDA has the capability of analyzing 

any two investment options that add to the production of a field. This includes drilling 

additional wells, drilling an injection well, and so on.  

7.2 Usage and limitations of the model 

The models have a much broader application than initially assumed. The initial scope was to 

analyze two specific cases, but as the development cycles wore on it was discovered that the 

models could analyze generic cases (see chapter 7.1). The advantages of being able to analyze 

general problems are vast. One apparent advantage is that there is no need to develop a model 

for each specific case – these two models are sufficient if the cases fall within their scope. 

Another advantage is that the models can be used for scenario modeling (most relevant for 

model FDA). 

Model CC can be used to establish a most probable case (with P10, P50 and P90). This case 

includes the systematic risk which the user is aware of. In order to model unsystematic risk 

such as new regulations on drilling, drastic changes in rig rates, etc, scenarios are needed. The 

most probable case is saved as one file, and other files will be used to model each of the other 

unsystematic risk factors (alone or together). This way a more thorough analysis of the 

drilling options can be made. The best drilling model might not necessarily be viable if an 
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unsystematic risk factor should occur. New drilling regulations might make one method 

unviable due to increased costs.  

Model FDA can likewise be used to establish a most probable case, and then use this case for 

modeling unsystematic risk. The unsystematic risk factors are many; examples include war, 

new or revised legislation, economic recession and gross miscalculations of the oil reserves. 

Using more than one file allows the user to experiment with how different risk factors would 

affect the investments.  

Limitations in model FDA lies in the base assumptions behind the model. The model assumes 

that the reservoir size is fixed, and that only the rate of recovery can vary. In reality the 

reservoir size is uncertain, and in order to account for this the user can for instance use more 

than one file or to use Monte Carlo simulations (see chapter 3.7). If more than one file is used, 

a risk matrix is in effect created (Figure 7.1). Otherwise a Monte Carlo simulation can be used 

to define a distribution of how much oil and gas is recovered. Using a Monte Carlo simulation 

like this would involve rebuilding the model somewhat. 

 

Figure 7.1: Sample space (Reservoir size, Rate of Recovery) 

If three files with model FDA (given a P50 reservoir size) are used, then the sample space 

within the red dashed frame in Figure 7.1 is obtained. 
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7.3 Post-thesis development of the model 

7.3.1 On copyright and usage of the model 

The model presented in this thesis is the copyright of the Reelwell and the authors. Any usage 

of the model needs permission from the copyright holders.  

7.3.2 General ideas for continued work 

Currently the model is made with Reelwells product in mind, and the naming conventions and 

explanations in the model reflect this. Further potential development involves modifying the 

model to become generic, and have a higher focus on users who have a non-technical 

background. Others possible options are making the model more suitable for educational 

purposes and apply the model on real-life cases. After applying the model on a real-life case it 

would be interesting to verify the findings through Rushmore Reviews (see chapter 3.4). 

7.3.3 Continued development for Reelwell 

The model produced in this thesis is made to solve a specific need today. In other words the 

model capable of comparing different drilling methods and field development options given 

today’s knowledge. But, the coding and hidden sheets where not made with updatability in 

mind – the workload involved with this was outside the original scope. Technology changes, 

and the way the comparisons are made in this model might become outdated at a later time. In 

order to not lose the resources invested in the model, the user must be able to update and 

change the model as necessary. Furthermore, the model needs to be polished, a user manual 

must be written and an extensive help function must be implemented in order for the model to 

be used to introduce a product (such as RDM).  

Reelwell was interested in making the model commercially viable in the sense that they 

wanted to be able to use the model when presenting their product to potential customers. They 

decided to hire the authors for one month in order to continue developing the model after the 

thesis was delivered to UiS. 

 

 



64 

 

The main elements which we are to implement while employed by Reelwell’s are the 

following: 

1) Rewrite the hidden sheets and codes in such a way that a 3
rd

 party is able to update or 

change the model as desired. 

2) Write an extensive “frequently asked questions” (FAQ) section, and code help 

functions on the individual sheets. 

3) Make a tutorial for new users (potentially in PowerPoint). 

4) Make a model intended for demonstrations with potential customers. 

5) Give the model a distinct “Reelwell-look”. This involves re-designing the model to 

have the same design principles as Reelwell’s webpage.  

Our initial estimate of the time needed to complete this scope is one month.  
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8. Conclusion 

The objective of the thesis was to develop a value case model which could show the potential 

benefits of RDM, and was intended for use within Reelwell and potential customers. The final 

model fulfils in part the objective: it is able to show the potential value to RDM and is 

suitable for use in Reelwell. On the other hand, the final value case model is not suitable for 

use by potential customers – the model needs more polishing in order to be a commercial 

product. The reason that the value case model was not finished as a commercial product was 

due to the fact that the initial scope of the model was expanded.  

At first the scope of the value case model was to analyse two specific cases: analyse two 

drilling programs (model CC) and two field development options (model FDA). Later the 

scope was expanded and value case model had to be able to compare any two drilling 

programs and analyze any two field development options. The value case model makes no 

distinction between onshore and offshore cases – the model can handle both equally well. The 

advantage for Reelwell is that the added flexibility allows them to analyse more cases without 

having to rebuild the model each time. Reelwell viewed the added flexibility as more 

beneficial than having a commercial product at the end of the thesis. In order to make the 

value case model commercial they hired the authors after the thesis was completed.  

The flexibility of the model is especially apparent in model FDA. Model FDA allows the user 

to compare any two field development options and change the base assumptions as desired. 

Options of interest include extended reach wells, subsea installations, injection wells, using 

more than one well and multilateral wells. Being able to change the base assumptions such as 

oil and gas prices, rates of recovery, choice of tax system and production profiles makes 

model FDA suitable for scenario modelling. Scenario models are cases where the project is 

subject to unsystematic risk such as war or financial crisis.  

The conclusion is that the value case model is suitable for use within Reelwell, but not ready 

for use towards customers. As of yet value case model is best suited for high-level feasibility 

studies, high-level cost comparisons between different investment options and as a tool for 

compiling information about drilling projects.   
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Appendix B – Offshore Installations 

Offshore drilling rigs fall into one of the following categories: 

- Barge rigs 

- Submersible rigs 

- Jack-up or self-elevating rigs 

- Semisubmersible rigs 

- Drillships 

- Structure rigs 

Barge rigs: A flat-bottomed vessel with a shallow draft. It is usually equipped with a derrick 

and other necessary drilling equipment. Lacking self-propulsion it is towed to its location and 

the hull is then filled with water, allowing it to rest on the bottom – providing a solid 

foundation for drilling activities. The water-depth operating range is less than 3-6 m 

(Donohue and Lang, 1986, p. 14.). 

Submersible rigs: The submersible rig is a larger version of the barge rig and has a water-

depth operating range of 5.5-21m (Donohue and Lang, 1986, p.14).  

Jack-up rigs: A jack-up rig is a self elevating drilling rig, which have three to five legs that 

are either vertical or slightly angled for stability. The jack-up is usually towed to its location, 

where the kegs are lowered until they rest on the seabed, and the deck is level (usually around 

18m above sea level).  The water-operating depth is from 9-107m (Donohue and Lang, 1986, 

pp. 14-15). 

Semisubmersible rigs: These rigs do not rest on the seafloor. They are kept floating due to 

submerged pontoons, and kept stationary by anchors, mooring lines and position-keeping 

propellers. They can either move under their own power or be towed to their location. Their 

water-operating depth is 6-750m (Donohue and Lang, 1986, p.15) (COSL, 2010). New ultra-

deepwater semisubmersible rigs can have a water operating depth can operate at water depths 

of 3000m (Transocean, 2012). The limitations are capabilities of the mooring equipment and 

the riser (the conduit that connects the drill floor to the subsea equipment on the seafloor).  

Drillships: These are self-propelled vessels that can drill in water depths from 5 to 2700+m 

(Transocean, 2006)., and are the most commonly used vessel for extreme deepwater drilling 

at remote locations. Like the semisubmersible rigs the drillship needs anchors, mooring lines 

and dynamic positioning equipment (Donohue and Lang, 1986 , p.15)  
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Structure rigs: These kinds of rigs are mounted on a fixed drilling and production platform. 

Common designs include piled-steel platforms, concrete gravity structures (common in the 

North Sea), caisson-type monopod structures, guyed towers and tension leg platforms.  

(Donohue and Lang, 1986 , p.16) 
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Appendix C – Drilling problems 

Common problems that occur when drilling a well: 

- Differential sticking 

- Sloughing shale 

- Poor mud properties 

- Fatigue failures 

- Foreign objects 

- Poor hole cleaning 

- Loss of circulation 

- Stuck pipe 

o Key seating 

o Packoff from poor hole cleaning 

Differential sticking. 

Differential sticking is caused by a differential in pressure between the drilling fluid and the 

formation. More specifically, differential sticking happens when the pipe remains motionless 

(even for a short time) – such as when a connection is made. The pipe will rest on the side of 

the hole, pressing though the filter-cake and contacting the formation face. The filter-cake 

blocks communication of the mud-column pressure to the area where the pipe contacts the 

formation. The result is a differential in pressure between the mud column pressure on the 

inside of the hole and the formation pressure on pipe. The pipe will be pressed against the side 

of the hole with such force that it cannot be moved (Conaway, 1999, pp. 115-116) (Figure 

C1). 

 

Figure C1 – Cross section of a well hole where differential pressure between the mud column and the formation 

presses the drill string against the side of the well. (Photo: Viken, Ø) 
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Sloughing shale. 

When shale carvings break off from the sides of the wellbore, the carvings form “bridges”, or 

tight spots, when they gather at bends in the hole – causing the pipe to stick as a result 

(Donohue and Lang, 1986, p.40). 

Poor mud properties. 

The result of poor mud properties is excessive mudcake build-up on the walls of the hole or 

an inability to hold the cuttings in suspension when the circulation stops. Either problem can 

result in the drillstem being wedged in the hole (Donohue and Lang, 1986 p.40). 

Fatigue failures. 

High stresses in the drill string cause metal fatigue, and result in “twist off”, or break in two. 

The result is that a portion of the drill string is left in the hole, and a fishing job is necessary to 

remove the portion before a new drill string can be used (Donohue and Lang, 1986 p.40). 

Foreign objects. 

Examples of foreign objects are tool that workers drop into the hole accidentally, and pieces 

of the drill bit that gets broken off. No matter the reason for an unplanned hard object, the 

foreign object must be removed before drilling can be continued. (Donohue and Lang, 1986 

p.40) 

Poor hole cleaning. 

Efficient removal of cuttings is an important area of focus during a drilling operation. Poor 

hole cleaning might cause drilling complications such as poor rate of penetration (ROP), 

creation of hole-pack-off, differential sticking problems, significant change in mud properties 

and increased formation damage potential in the drilling fluid (Qahtani, Amanullah and 

Aramco, 2010, p.1). 

In order to maintain proper hole cleaning efficient management of mud properties is 

paramount. This is especially the case when drilling high-angle and horizontal extended-reach 

wells. Years of operational data indicate that hole-angles between 30° and 60° creates the 
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most difficult hole cleaning conditions when using conventional technology. At these angles 

local stationary cutting beds might form avalanches along the curved section of the well, 

creating large cuttings accumulations with high risk of stuck pipe situations (Mitchell, 2006, 

p. 103). 

Loss of circulation. 

Loss of circulation with regards to a drilling fluid is defined as a reduced or total absence of 

flow when the fluid is pumped through the drill string. The cause of lost circulation is drill 

fluid leaking into the formation due to natural or induced fractures, vugular formations like 

chalk and limestone, or formations with high porosity and/or high permeability (Mitchell, 

2006, pp 99-100).  

The consequences of loss of circulation can be differential sticking  if a differential in 

pressure is created at the loss zone, and flows or kicks is the loss causes the hydrostatic 

pressure to drop. 

To prevent loss of circulation the conventional solution is to add lost-circulation materials 

(LCM) to the drilling fluid. LCM is added as a routine if it is probable that lost-circulation 

zones exist (Mitchell, 2006, p. 95). 

Stuck pipe. 

- Key seating. 

“Key seating, which occurs in very crocked holes when the drillpipe cuts into the wall of the 

hole creating a slot that grips the pipe when a tool joint or wide drill collar is pulled out.” 

(Donohue and Lang, 1986) 

- Packoff from poor hole cleaning. 

The wellbore is plugged around the drillstring – commonly caused by wellbore wall collapse 

or that the drilling fluid does not properly transport the cuttings and carvings out of the 

annulus. When the well packs off there is a loss of ability to circulate, and high pump pressure 

follows. The result is a stuck pipe unless prompt action is taken (Schlumberger, 2012b).  
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Appendix D - Value Case Model Screenshots 

This section shows figures which are considered too big to fit in the description of the 

spreadsheets in the Excel models in section 6.2 and 6.3. The following figures are also rotated 

in order to make details more visible by filling the whole page.  

In order to make the screenshots easier to understand, the first screenshot of a spreadsheet will 

always show the entire spreadsheet. The second screenshot will be a copy of the first, but with 

explanations of which main components are present. The remaining screenshots of the given 

sheet will be used to highlight areas of interest. 

The figures are listed in the order they are referred to through section 6.2 and 6.3. 
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Figure D1.1a – Main menu shows an overview of all the sheets in the model. 
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Figure D1.1b – Main menu 
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Figure D1.1c – The flowchart in the sheet Main Menu explained. 
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Figure D1.2 – The sheet FAQ shows a list of possible problems and questions the user may encounter with possible 

solutions.  
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Figure D2.1a – Instructions CC 
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Figure D2.1b – Instructions CC 
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Figure D2.2a – Input: Fixed costs and rates 
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Figure D2.2b - Input: Fixed costs and rates 
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Figure D2.2c – Input: Fixed costs and rates 
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Figure D2.2d - Input: Fixed costs and rates 
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Figure D2.3a – Results: Cost & Time 
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Figure D2.3b – Results: Cost & Time 
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Figure D2.3c – Results: Cost & Time expanded to show P10 and P90. 
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Figure D2.3d – Results: Cost & Time expanded to show the cost-breakdown. 
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Figure D2.3e – Results: Cost & Time expanded to show both P10 and P90, and cost-breakdown 
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Figure D3.1a – Instructions FDA. 
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Figure D3.1b – Instructions FDA. 
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Figure D3.2a – Input: Key variables. 
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Figure D3.2b – Input: Key variables. 
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Figure D3.2c – Input: Key variables expanded to show a table of yearly dynamic petroleum prices.  
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Figure D3.2d – Input: Key variables expanded to show a table of yearly dynamic petroleum prices. 
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Figure D3.3a – Input: Estimate cost. 
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Figure D3.3b – Input: Estimate cost. In order to use the more detailed “cost-breakdown” you must check the option 

button. 
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Figure D3.3c – Input: Estimate cost with option for cost-breakdown enabled. 
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Figure D3.3d – Input: Estimate cost showing P10 and P90 cost values. 
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Figure D3.4a – The sheet menu for Input: Production profiles. 
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Figure D3.4b - The sheet menu for Input: Production profiles. 
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Figure D3.4c - Input: Production profiles showing a production profile for P50 scenario. 
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Figure D3.4d - Input: Production profiles showing a production profile for P50 scenario. 



106 

 

 

Figure D3.5a - The sheet menu for Input: Cash flows. 
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Figure D3.5b - The sheet menu for Input: Cash flows. 
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Figure D3.5c - Input: Cash flows. 
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Figure D3.5d - Input: Cash flows. 
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Figure D3.6a – Results: NPV.  
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Figure D3.6b – Results: NPV. 
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Figure D3.6c – Results: NPV expanded to view yearly cash flows for RDM and SubSea. 



113 

 

 

Figure D3.6d – The production section of Results: NPV explained. 
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Figure D3.6e - The NPV section of Results: NPV explained. 


