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Abstract 
Inclination or deviation related well problems are well known problems during drilling 

operation. These problems are like tool failure, stuck pipe, logging problem, casing running 

challenge and borehole cleaning problem. If they are not diagnosed in their early stage of 

development, they result into non-productive time (NPT). The use of RTDD and both actual and 

planned data from survey files were very important for determination of both inclination levels 

and deviation of the well path.  The analysis presented in this master thesis was based on 

previous literary study and RTDD and/or survey file data computations.   

The main objective of this master thesis was to eliminate inclination and deviation related well 

problems in the future such that it was necessary to create data agents in Matlab which reported 

both inclination level and deviation using real time drilling data (RTDD) and both actual and 

planned data from survey files. 

From the data analysis using Matlab, estimated inclination, projection of each well  in both 2D 

and 3D, variation of inclination and azimuth with depth, true vertical depth variation with 

measured depth, dogleg severity variation with measured depth, vertical and horizontal hole 

deviations at the end of a well and finally both vertical and horizontal hole deviation logs were 

determined.  Moreover, outcomes associated with variation of above parameters were explained.   

It was observed that both inclination and deviation calculated from RTDD and survey file data 

revealed the reality of the models for each wellbore as there were similar trends and nearly equal 

values of both actual and estimated inclinations. Also some deviation related well problems 

observed at some depths which have high deviation. Therefore, determination of these 

parameters during drilling was of vital important in order to take prior measures before 

installation of casing and other production equipment.  

Finally the model selected to estimate inclination was valid as could provide values nearly equal 

to actual values, the number of loops which were used in inclination classification agent 

prolonged agent running time and from hole deviation logs created a driller could be able to 

control deviation during drilling. 
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deviation of the actual well-path from the plan can be verified by observation of different 

problems encountered at respective depths which can be the result of unacceptable deviation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





  

4 
 

2.1.2. Hole deviation definition   

Hole deviation is the unintentional departure of the drill bit from a pre-selected borehole 

trajectory. Presence of deviation during drilling a straight or curved hole section can lead 

to drilling problems with associated higher drilling costs (PetroWiki, 2019).  

Since the early second half of the twentieth century, many theories have been advanced to 

explain hole deviation. The significant work has been in drillstring mechanics and has resulted in 

the design of drillstring to control the rate of change of hole angle for example an advent of   

steerable rotary directional drilling tools (McLamore, 1971).  

Hole deviation provides working knowledge of spatial differences between the actual drilled hole 

and the planned path of the wellbore. Different components are used to define hole deviation, 

these are linear and angular differences and the relative changes between the actual drilled hole 

and the planned path (Stoner, 1999). 

 

 

 

 

Figure 2: Example of hole deviations (PetroWiki, 2019) 

 

 

https://petrowiki.org/Drilling_problems
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2.1.3. Factors affecting wellbore inclination and deviation  

There are many factors that are taken into consideration while observing the trend of wellbore 

inclination and deviation during drilling of oil and gas well.  In this section, factors affecting 

these parameters while drilling are discussed below: 

a) Dip of the formation 

Dip. This is the angle between a planar feature such as a sedimentary bed or a fault, and a 

horizontal plane. True dip is the angle a plane makes with a horizontal plane, the angle being 

measured in a direction perpendicular to the strike of the plane (Schlumberger2, 2018).  Dip of 

the beds through which the hole is drilled make the bit drill up dip in hard rocks, consequently 

the direction of drilling is different from the direction of the force on the bit (Lubinski & Woods, 

1953). 

 

Figure 3: Inclined hole drilled into inclined formation (Lubinski & Woods, 1953) 

 

b) Anisotropic nature of formation 

According to (McLamore, 1971), one  of  the  causes  of  hole deviation   is the  nature   of  the  

rock  failure under the bit. When a conventionally shaped wedge penetrates a dipping laminated 

anisotropic rock, the chips formed on each side of the wedge are not equal in size. This is in 

contrast with the behavior of the homogeneous and isotropic rocks hence bit departure is created. 

https://www.glossary.oilfield.slb.com/en/Terms/s/sedimentary.aspx
https://www.glossary.oilfield.slb.com/en/Terms/b/bed.aspx
https://www.glossary.oilfield.slb.com/en/Terms/f/fault.aspx
https://www.glossary.oilfield.slb.com/en/Terms/s/strike.aspx
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c) Hole clearance 

In drilling small diameter holes, drill -collars used almost completely fill the hole such that small 

clearance between the drill-collars and the wall of the hole is observed. In such condition there is 

small ability of the collar string to deflect in contacting the wall of the hole hence less deviation 

of borehole as the increases in clearance results in increase in the angle of application of weight 

on bit which contributes to deviation (Speer & Holiday, 1955). 

d) Drill bit type and its basic mechanical design 

Different types of bits differ in their ability to drill in the axial and lateral directions. There are a 

number of different types of drill bits. Steel tooth rotary bits are the most common types of drill 

bits while Insert bits are steel tooth bit with tungsten carbide inserts, for example 

Polycrystalline Diamond Compact (PDC) bits which use synthetic diamonds attached to the 

carbide inserts. 

 

Figure 4:  PDC bit (Brechan, Corina, Gjersvik, Sangesland, & Skalle, 2017) 

 

e) Weight on bit (WOB) 

WOB has effects on borehole inclination when there is clearance between the drill collar and the 

hole. Whenever extreme weights are applied to the bit, higher deviation angle for the borehole 

will be observed resulting from drill collar buckling (Murphey & Cheatham Jr., 1966). Whereas 

sudden drop of weight on bit reduces inclination angle (Wilson, 1981).  
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Figure 5: Drop of inclination due to decrease of WOB (Lubinski & Woods, 1953) 

f) Drill collar size  

During drilling a straight inclined hole, the drill collar string deflects to the low side and contacts 

the wall of the hole at some point above the bit. When there is no weight on the bit, the force 

acting on the bit is the resultant weight of the drill collars below the contact point. This force 

tends to reduce the deviation angle of the borehole back to vertical (Speer & Holiday, 1955). The 

larger the drill collar diameter used, the heavier the drill-collar string hence large lateral force to 

increase WOB (Wilson, 1981).  

 

 

Figure 6: Drill Collar deflected on lower side of the borehole (Speer & Holiday, 1955) 
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g) Type of circulating medium used ( air/gas or fluid) 

The use of air as a circulating medium makes the bit more effective in making hole thus it drill s 

crooked faster. Erosion of some formations by turbulent air flow allows the bit to drill crooked 

and greater shock loads or deflection at the bit are experienced because there is no liquid in the 

hole to cushion the drill collars (Wilson, 1981). 

h) Formation drillability  

Due to difference in drilling rates in hard and soft dipping formations, the angle of the hole    

changes because the bit drills slower in hard formation than in soft. This theory is based on the 

assumption that the bit weight is distributed uniformly over the bottom of the hole and predicts     

up-dip deviation when drilling into harder rock and down-dip in softer rock (Murphey & 

Cheatham Jr., 1966).   

 

2.1.4. Control of hole deviation 

For drilling oil/gas well efficiently under effective cost optimization, different techniques are 

used to control deviation. Below are some of the deviation control techniques used in oil 

industry: 

a) Application  of pendulum assembly  

The pendulum assembly makes use of gravity to control hole angle as the weight of drill collars 

between the fulcrum point and the bit pull the bit back toward vertical when lighter weight is 

applied to the bit (Wilson, 1981).  

b) Packed hole assembly application.  

Packed hole assembly uses drill bushings (stabilizers) to force the bit straight ahead in the same 

direction as the hole already drilled (Wilson, 1981). This is supported by (MacDonald & 

Lubinski, 1951) who suggested the use conventional stabilizers to permit greater bit weights to 

be carried without drill collar buckling. 
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c) Use of heavy metal collars 

Since reduction of the weight on bit provides one of the major techniques for controlling or 

reducing hole angle for straight inclined holes.  This results in lower penetration rates and 

increased drilling costs such that for a driller to maintain required penetration rate, addition of a 

heavy metal collar to the drill collar string is required to allow more weight to be applied to the 

bit while maintaining the same hole angle. The increase of hole deviation with increased weight 

on bit must be resisted by increased lateral force on the bit.  This lateral force is supplied by the 

pendulum behavior of the drill  collars. The longer the pendulum length and the heavier the 

pendulum, the higher the lateral force will be to resist deviation (Bradley, Murphey, McLamore, 

& Dickson, 1976). 

d) Stabilizer positioning 

Stabilizer placement with respect to the bit for optimum control of deviation varies with drill 

collar size, drill collar and stabilizer clearance, hole angle, and weight on bit. For example 

Optimum stabilizer position for 9 ½-in. drill collars in  10 5/8-in. hole, 10 3/4- in. stabilizer and 

35,000 lb +/- weight on bit is approximately 70 ft above the bit (Speer & Holiday, 1955). 

e)  Minimization  of clearance between the drill-collar and the borehole     

This can be achieved by means of means of ribs on round drill collars or by use of square drill -

collars, for example 7- by 7-in. square drill-collar which has the same stiffness as an 8-in.circular     

drill -collar. Through this technique, the deflection of drill-collar above the bit is reduced such 

that can result in the decrease of deviation angle (Murphey & Cheatham Jr., 1966).   
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2.2. Reasons for drilling Inclined/deviated Wells 
Inclined wells are mainly drilled for several purposes basing on production and safety 
requirements (Wikipedia, 2018).  

a) From production perspective, inclined wells increases the exposed section length through the 

reservoir by drilling through the reservoir at an angle.  

b) Also drilling into the reservoir where vertical access is difficult or not possible for instance, 

an oilfield under a town or under a lake.  

c) Allows more wellheads to be grouped together on one surface location to allow fewer rig 

moves and make it easier and cheaper to complete and produce the wells. For instance an oil 

platform or jacket offshore, 20 or more wells can be grouped together. 

d) For safety purposes drilling a relief well to relieve the pressure of a well producing without 

restraint (well with a blowout). In this scenario another well could be drilled starting at a safe 

distance away from the blowout, but intersecting the troubled wellbore. Then, heavy fluid 

(kill fluid) is pumped into the relief wellbore to suppress the high pressure in the original 

wellbore causing the blowout. 
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b) Build -up and drop off rate (in degrees of inclination): These are the rates at which the 

well deviates from the vertical (usually measured in degrees per 30 m or 100 ft).  The build-

up rate is chosen on the basis of previous drilling experience in the location and the tools 

available, but rates between 1° and 3° per 30 m or 100 ft of hole drilled are most common in 

conventional wells.  Build up rates in excess of 3°/30 m are likely to cause doglegs when 

drilling conventional deviated wells with conventional drilling equipment.  The build-up rate 

is often termed the dogleg severity (DLS).  

c) Tangent angle of the well (or drift angle): This is the inclination (in degrees from the 

vertical) of the long straight section of the well after the build-up section of the well.  This 

section of the well is termed the tangent section because it forms a tangent to the arc formed 

by the build-up section of the well.  The tangent angle will generally be between 10° and 60° 

since it is difficult to control the trajectory of the well at angles below 10o and it is difficult to 

run wire line tools into wells at angles greater than 60°. 

 

2.3.2. Target and geography 

The trajectory of a deviated well must be carefully planned so that the most efficient trajectory is 

used to drill between the rig and the target location and ensure that the well is drilled for the 

lowest cost. When planning and drilling the well, the position of all points along the well-path 

trajectory is considered in three dimensions (Figure 8). The three dimensional system that is 

generally used to define the position of a particular point along the well path is: 

a) The vertical depth of the point below a particular reference point (TVD).  

b) The horizontal distance traversed from the wellhead in a northerly direction (N).  

c) The distance traversed from the wellhead in an easterly direction (E).  

The depth of a particular point on the well path referred to as true vertical depth (TVD) is 

expressed in meters (feet) vertically below a reference (datum) point. The northerly and easterly 

displacements of the point horizontally from the wellhead are reported as Northing/easting or 

latitude/ longitude.  
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Figure 8: Well planning reference systems 

 

2.3.3. Defining the well path 

After fix ing the target and the rig position, the next stage is to plan the geometrical profile of the 

well to reach the target.  As stated earlier in section 2.3, there three different types of wellbore 

profiles but the most common one is the build and hold profile which consists of 3 sections, 

vertical,  build-up  and  tangent. The trajectory of the wellbore can be plotted when the following 

points have been defined:   

a) kick-off point(KOP) (selected by engineer)  

b) TVD and horizontal displacement of the end of the build-up section; and  

c) TVD and horizontal displacement of the target (defined by position of rig and target). 

In addition to necessary points defined, the driller will only be able to determine the long hole 

depth of the well such that the following information will also be required:  

a) A long hole depth of the KOP (same as TVD of KOP)  

b) Build up rate for the build-up section (selected by engineer)  

c) Direction in which the well is to be drilled after the KOP in degrees from north (defined  by 

position of rig and target) 

d) A long hole depth (AHD) at end of build (EOB) and the tangent section commences and  

e) A long hole depth (AHD) of the target.  
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The curve length can then be described by: 
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2.3.5.2. Azimuth  

The borehole can be represented by 360 degrees. By looking down the well it can go in any 

direction of this 360 degree circle where north is 0 or 360 degrees, directly east 90 degrees and 

west 270 degrees. This circle compass is now lying flat in the plane of north/south and east/west. 

This amount of direction change is called the azimuth (A) to show the direction change in the 

horizontal plane. Figure 11 illustrates how the azimuth or well path is changing in the horizontal 

plane.  

 

Figure 11:  Inclination and Azimuth (Brechan, Corina, Gjersvik, Sangesland, & Skalle, 
2017) 
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2.3.5.3. Dogleg Severity  

The dogleg severity is directly connected to dogleg angle and given by equation 4, given in 

deg/30 m. This is a very important parameter as it describes the curvature of the well path and is 

directly linked to the bending force of the pipe. As wells curve there will be bending forces on 

the drill pipe that can cause a number of problems such as drill pipe failure, stuck pipe problems, 

under drilling, casing wear and wellbore instability. For this reason the dogleg severity will often 

act as a limitation to what kind of well path can be chosen.  

Drill pipes, casings, wellbore stability and safety factors related to stuck pipe often have a set 

value of tolerated dogleg severity. High build and turn rates will obviously lead to high dogleg 

severity and that is why sharp turns and builds should be avoided. DLS is given as: 

 
������ 
L

�� �Û�u�r
����

 
�:�v�; 

 

2.4. Negative effects of wellbore inclination and deviation on the 
drilling operation  

Drilling of inclined/deviated wells normally results in the most difficult and costly problems in 

the drilling industry despite the developments and improvements of drilling tools and 

technology. Lack of knowledge of the change in wellbore inclination/deviation during and after 

drilling cause different problems depending on the level of inclination: 

a) Wellbore instability  

Since borehole-inclination produces alterations in the stress state around the borehole and in the 

physical properties of the rock such that the strength of the rock is reduced. Therefore inclined 

wells may be prone to mechanical instability problems associated with the in-situ stresses in the 

field. For instance when drilling through highly layered formations wellbore tensile failure and 

plastic shear deformations occurs (Ostadhassan, Jabbari, Zamiran, Osouli, Oster, & Lentz, 2014) 
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b) Casing running problem  

Casing running, challenges for extended reach (highly inclined) wells especially for long 

production casing strings. This is determined as one of the most critical well operations such that 

failure to reach target depth often has negative impacts on well deliverability and overall cost 

resulted from non-productive time (NPT) (Bybee, 2004).  

c) Logging problem  

Logging using coiled tubing for highly inclined wells may be associated with challenges 

compared to logging in vertical wells. Working in horizontal wells caused the industry to start 

analyzing the loads on a coiled tubing string for specific well conditions and the challenge is 

tubing buckling due to the compression arising from the accumulated friction drag in highly 

deviated sections (Mark Corrigan, C. Hoyer, & C. Gaston, 1991).  

d) Stuck pipe 

Stuck pipe is one of the major causes of lost time and added cost worldwide. This happen mostly 

in inclined and deviated wells as the wellbore geometry supports sticking of drill string. 

Situations like key seating, poor hole cleaning and wall forces cause pipe to get stuck in these 

wells. 

 

Figure 12: Example of Key seating (Brechan, Corina, Gjersvik, Sangesland, & Skalle, 2017). 
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e) Poor hole cleaning 

During hole cleaning in deviated and/or deviated wells, the fluid velocity has a reduced vertical 

component so the cuttings will have only small distance to fall before resting on the bottom. This 

decreases the mud's capability of suspending drilled cuttings and it results in an increased 

tendency for particles to settle out of suspension.  

 

Figure 13: Hole cleaning regimes in inclined well (Brechan, Corina, Gjersvik, Sangesland, & 
Skalle, 2017) 
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2.5. Detections of Inclined/deviated wellbore problems 
In order to solve wellbore failures/problems associated with inclination or deviation, such 

problems need to be detected and well understood for better interpretation of them.  Practically 

detection of these problems is done under surveillance through Real-Time Drilling Data 

(RTDD). During drilling three possible process states are observed by surveillance as illustrated 

in figure 14. These are Normal state, Error state and failure state (Skalle, 2014).  

 

Figure 14: Three possible process states under surveillance during drilling (Skalle, Aamodt, 
& Swahn, 2016). 
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Based on literary study, different publications have been cited. Some of them are most relevant 

to the topic under consideration and some others are less. Below is the table to show different 

publications with their relevance to the topic of concern. 

Table 1: Reviewed literatures and their relevance to the present work 

Author Publications Relevance 

Ostadhassan, M., Jabbari, H., Zamiran, 
S., Osouli, A., Oster, B., & Lentz, N. 
(2014). 

B. Wellbore Instability of Inclined Wells 
in Highly Layered Rocks. 

Most relevant 

Lubinski, A., & Woods, H. (1953). C. Factors affecting the angle of 
Inclination and Dog-Legging in Rotary 
Bore Holes 

Most relevant 

Skalle, P., Aamodt, A., & Swahn, I. 
(2016). 

A. Detection of Failures and Interpretation 
of Causes During Drilling Operations 

Most relevant 

Bybee, K. J. (2004).  

 

B. Casing Running Challenges for 
Extended-Reach Wells 

Most relevant 

Mark Corrigan, D. S, C. Hoyer, D. S., 
& C. Gaston, D. S. (1991) 

B. Logging on Coiled Tubing: A Proven 
Technique for Highly Deviated Wells 
and Other Applications 

Most relevant 

Speer, J. W., & Holiday, G. H. (1955). C. Influence of Drill-collar Size and 
Stabilizers on Deviation Control. 

Most relevant 

 

Denotation: 

A  Detection methods 

B Consequence challenges/problems & Countermeasures  

C Influencing factors 
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3.2.1. Inclination Estimation Model  

The inclination angle (I) can be calculated based on the vertical plane illustrated in figure 15.  

This angle can be expressed by TVD (z) and the horizontal departure between the current 

position and the target given in equation 5.  

 
�� 
L ���ƒ�•�?�5
m


¥�š�6 
E�›�6

�œ

q 

�:�w�; 

 

 

Figure 15:  Inclination Alignment (Strømhaug, 2014) 
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Sorting of planned trajectory points closer to the actual well path 

Minimizing the straight line distance between planned trajectory and actual survey points is done 

by using Euclidean distance formula (equation 19) as used in paper written by (Stoner, 1999).  

From calculated minimum distances, planned trajectory points closer to the actual well path are 

obtained for better estimation of eight deviation parameters (See appendix F, section 8.6.1 for 

detailed computation of minimum straight line distance between the actual and plan trajectory 

points). 

 �.�E�J�A�=�N���@�E�O�P�=�J�?�A
L 
¥�:�:�0�=
F�0�L�;�6 
E�:�'�= 
F �'�L�;�6 
E�:�6�8�&�=
F�6�8�&�L�;�6�; (19) 
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3.3.1.1.2. Structure of the field  

The Gullfaks field is characterized by two structurally contrasting compartments. A western 

domino system with typical domino-style fault block geometry and a deeply eroded eastern horst 

complex of elevated sub-horizontal layers and steep faults. These two regions are significantly 

different and treated separately. Between the western and eastern regions is a transitional 

accommodation zone (graben system) which is identified as a modified fold structure (Fossen & 

Hesthammer, 1998).  

The distribution of these structurally different areas displays an east stepping occurrence of the    

accommodation zone as one goes from the north to the south. The stepping occurs across E-W   

transfer faults with high displacement gradients (rapidly decreasing displacement to the west).   

These E-W faults thus separate domains of contrasting dips. 

 

Figure 18: The areal distribution of the domino system, the horst complex and the 

accommodation zone on the top Statfjord fault map (Fossen & Hesthammer, 1998). 
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3.3.1.2. Wellbore description (Well 34/10-C-47)  

Well 34/10-C-47 is the well located in Gullfaks field in the North Sea-Norway, drilled from 

Gullfaks C drilling rig under Statoil AS (currently Equinor)  as a drilling operator. The well was 

drilled from 25.11.2005 15:00 to 25.04.2006 16:00 with primary purpose of oil production, then 

after production time the well changed to become water injector. The well is currently closed 

(Christophersen, Gjerde, & Valdem, 2007).  Below is the map of the Gullfaks field and 

Coordinates of the well 34/10-C-47 to show its location within the field.  

 

 

Figure 19: Map of Gullfaks oil field (Norwegian Petroleum Directorate, 2017) 
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ii)  Formation Dip and Faults penetrated 

Based on dip data from density/neutron image data, the formation layers have eastern dip of 5-10 

deg. These were confirmed by the seismic signals. In addition to formation dip, also several 

faults were encountered when drilling the well 34/10-C-47 (Table 3). These faults were 

interpreted on seismic data (Figure 21). 

Table 3: Faults interpreted from well data and seismic data (Christophersen, Gjerde, & Valdem, 2007). 

Fault/Formation Measured Depth 
(m RKB) 

True Vertical Depth 

(m MSL) 

Fault S3 (S5/S3) 3210 1975 

Fault S3 3425 1999 

Fault S3 3555 1998 

Fault S2 (S3/S2) 3810 2000 

Fault S2 4080 2005 

Fault S2 4150 1999 

Fault S3 4350 1985 
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Table 4: Formation tops with depth and deviation from the prognosis (Christophersen, Gjerde, & Valdem, 2007). 

Formation Measured Depth (m 
RKB)  

True Vertical Depth  

(m MSL) 

TVD deviation 

from prognosis 

Top Utsira Formation  995 882 +4 

Top sandy Hordaland         1050 927  

Top sand free 
Hordaland    

1655 1282  

Top Balder 
Formation.  

2050 1486 -1 

Top List a Formation  2200 1555  

Top Shetland Group.   2411 1655 -6 

Top Kyrre Formation  2833 1842  

Top Krans Mb.  2892 1865 +11 

Top S10   2929 1878 +13 

Top S9   3028 1914 N/A 

Top S8   3047 1920 +20 

Top S7   3058 1925 N/A 

Top S6   3075 1930 N/A 

Top S5   3150 1957 N/A 

Top S3   3202 1973 N/A 

Top S2   3810 2000 +40 

Top S2/Base S3  4220 1994 +4 

TD   4399 1982 +2 
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Figure 22: Planned well path and expected stratigraphy before drilling (Christophersen, 
Gjerde, & Valdem, 2007). 

 

 

Figure 23: Well path and stratigraphy after drilling (Christophersen, Gjerde, & Valdem, 
2007). 

 

 

 

 

 

 

 

 



  

39 
 

3.3.2. Case 2 (Wells from Volve field) 

This case consist 15/9-F4, 15/9-F5, 15/9-F10, 15/9-F-11T2, 15/9-F12 and 15/9-F14 wells from 

Volve field. This is an oil field located in the central part of the North Sea, approximately eight 

kilometers north of Sleipner Øst. The wells in this field drilled using jack-up as processing and 

drilling facility (Norwegian Petroleum Directorate, 2017). Based on geology of the area, drilling 

of wells in this field is differently from drilling in Gullfaks field, thus variation of both wellbore 

inclination and deviation could be different. 

 

Figure 24: Map of Volve field (Norwegian Petroleum Directorate, 2017) 

 

3.3.2.1. Geology of Volve field  

The Volve reservoir contains oil in a combined stratigraphic and structural trap in Jurassic 

sandstones in the Hugin Formation. The structure of the field is heavily faulted and 

communication across the faults is uncertain on the western part. 
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3.3.2.2. Description of wells from Volve Field  

3.3.2.2.1. Well 15/9-F4 

Well 15/9-F4 is the development well located in Volve field in the central part of the North Sea 

drilled from MAERSK INSPIRER drilling Facility under StatoilHydro ASA (currently Equinor) 

as a drilling operator. The well was drilled from 13.10.2007 to 09.03.2008 and purposely was for 

injection. The well is currently Plugged and abandoned (P&A) (Norwegian Petroleum 

Directorate, 2017). Table 5 show location of well 15/9-F4 

Table 5: Well 15/9-F4 coordinates at the wellhead level (Norwegian Petroleum Directorate, 2017). 

 Structure Centre 

 Latitude Longitude 

Geographic 58° 26' 29.72'' N 1° 53' 14.92'' E 

UTM 6478560.84 m N 435049.84m E 

 

3.3.2.2.2. Well 15/9-F5 

Well 15/9-F5 is the development well located in Volve field in the central part of the North Sea 

drilled from MAERSK INSPIRER drilling Facility under StatoilHydro ASA (currently Equinor) 

as a drilling operator. The well was drilled from 18.12.2007 to 01.08.2008, for injection. The 

well is currently Plugged and abandoned (P&A) (Norwegian Petroleum Directorate, 2017). 

Table 6 show location of well 15/9-F5 

Table 6: Well 15/9-F5 coordinates at the wellhead level (Norwegian Petroleum Directorate, 2017). 

 Structure Centre 

 Latitude Longitude 

Geographic 58° 26' 29.66'' N 1° 53' 14.99'' E 

UTM 6478558.97m N 435050.94m E 
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3.3.2.2.3. Well 15/9-F10 

Well 15/9-F10 is the development well located in Volve field in the central part of the North Sea 

drilled from MAERSK INSPIRER drilling Facility under StatoilHydro Petroleum AS (currently 

Equinor) as a drilling operator. The well was drilled for 64 days from 06.04.2009 to 08.06.2009 

and its purpose was for observation of production progress. The well is currently Plugged and 

abandoned (P&A) (Norwegian Petroleum Directorate, 2017). Table 7 show location of well 

15/9-F10 

Table 7: Well 15/9-F-10 coordinates at the wellhead level (Norwegian Petroleum Directorate, 2017). 

 Structure Centre 

 Latitude Longitude 

Geographic 58° 26' 29.68'' N 1° 53' 15.07'' E 

UTM 6478559.56m N 435052.25m E 

 

3.3.2.2.4. Well 15/9-F-11T2 

Well 15/9-F-11T2 is the development well located in Volve field in the central part of the North 

Sea drilled from MAERSK INSPIRER drilling Facility under Statoil Petroleum AS (currently 

Equinor) as a drilling operator. The well was drilled for observation using 67 days from 

07.03.2013 to 12.05.2013. The well is currently Plugged and abandoned (P&A) (Norwegian 

Petroleum Directorate, 2017). Table 8 show location of well 15/9-F-11T2 

Table 8: Well 15/9-F-11T2 coordinates at the wellhead level (Norwegian Petroleum Directorate, 2017). 

 Structure Centre 

 Latitude Longitude 

Geographic 58° 26' 29.96'' N 1° 53' 14.87'' E 

UTM 6478568.28 m N 435049.15 m E 
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3.3.2.2.5. Well 15/9-F-12 

Well 15/9-F-12 is the development well located (6478574.75m NS, 435050.23m EW) in Volve 

field in the central part of the North Sea drilled from MAERSK INSPIRER drilling Facility 

under Statoil Petroleum AS (currently Equinor) as a drilling operator. The well was drilled for 

production using 75 days from 14.06.2007 to 27.08.2007. The well is currently Plugged and 

abandoned (P&A) (Norwegian Petroleum Directorate, 2017).  

3.3.2.2.6. Well 15/9-F-14 

Well 15/9-F-14 is the development well located (6478562.34m NS,435052.46m EW) in Volve 

field in the central part of the North Sea drilled from MAERSK INSPIRER drilling Facility 

under StatoilHydro AS (currently Equinor) as a drilling operator. The well was drilled for 

production using 44 days from 05.12.2007 to 17.06.2008. The well is currently Plugged and 

abandoned (P&A) (Norwegian Petroleum Directorate, 2017).  

3.3.3. Available Real Time Drilling Data (RTDD)  

More than ten RTDD parameters have been provided for the given wells and some of them were 

used to calculate the inclination and deviation of the wellbore. These parameters are DMEA, 

BITI, BITA, DLS, HKL, WOB, TRQ, RPMB, MFI and SPP. Only DMEA, BITI and BITA were 

used in calculation of both inclination and deviation of the wellbore. 

3.3.3.1. Determination of RTDD parameters  

In drilling oil and gas wells, different drilling parameters need to be properly understood and 

being measured accurately for better monitoring and application of them to optimize drilling 

efficiency. In this section measurements of some parameters are discussed. 

a) Weight on Bit (WOB)  

WOB is one of important parameter that needs to be properly monitored and applied to optimize 

drilling efficiency. The industry standard practice is to measure WOB as the difference between 

surface hook load when the bit is off-bottom and the hook load during drilling (Zha, Ramsay, & 

Pham, 2018): 

 ������ 
L�������� �m�d�d
F ������ �b�p�g�j�j �:�t�r�; 
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Figure 26: Free Body Diagram on Travelling Block to show measurement of Hook load 
(DrillingFormulas, 2013) 

c) Measured depth of a well (DMEA)  

The measured depth of the wellbore differs from the true vertical depth of the well except for 

vertical wells. Since the wellbore cannot be physically measured from end to end, the lengths of 

individual joints of drill pipe, drill collars and other drill  string elements like stabilizers are 

measured with a steel tape measure and added together to obtain total well measured depth.  

Effect of drill string elongation should be taken into consideration, as the pipes are measured 

while lying on a pipe rack, in an unstressed state. When the pipes are screwed together and put 

into the wellbore, it stretches under its own weights and that of the bottom hole assembly. Hence, 

the actual wellbore is slightly deeper than the reported depth (Schlumberger1, 2018). 
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Figure 27: Example of a wellbore to show Measured Depth and True Vertical depth 
(Dri llingFormulas., 2011) 

d) Torque (TRQ) 

Most drilling rigs are equipped with some simple devices (rotary torque meter) for indicating 

torque. Most of these devices gives inaccurate reading and are not calibrated to provide readings 

in useful torque units. Few drilling rigs in the world are equipped with calibrated rotary torque 

indicators (Johancsik, Friesen, & Dawson, 1984).  

 

Figure 28: Rotary torque indicator (RigChina Group company, 2018) 
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e) Bit average rotary speed (RPMB) 

Currently bit rotation speed can be accurately measured downhole but it cannot be analyzed in 

real-time. The bit rotation speed is obtained from the radial centrifugal acceleration measured 

downhole in the proximity of the bit (ac) and distance of the accelerometer from the vertical axis 

of rotation (r) using the given equation below (Bernasconi & Vassallo, 2001) 

 
�À�:�–�; 
L 
¥�=�Ö�:�P�;���N �:�t�t�; 

 
f) Mud Flow in average (MFI) 

Measurement of drilling fluids into the wellbore is carried out by simple counting of pump 

strokes to calculate the flow rates. The flow rate is calculated by taking pump speed times pump 

displacement for a single stroke (Engineershandbook, 2004).  

 
�� 
L �•�† �:�t�u�; 

 
g) Standpipe pressure average (SPP) 

Standpipe pressure (SPP) is defined as the total pressure loss in a system that occurs due to fluid 

friction. It is calculated by the summation of pressure loss in annulus, pressure loss in drill string, 

pressure loss in bottom hole assembly (BHA) and pressure loss across the bit (Petropedia, 2018).  

3.3.3.2. Factors affecting RTDD 

There are many factors that are taken into consideration while observing the trend of main 

parameters during drilling of oil and/or gas wells.  In this section five different factors affecting 

these parameters are discussed 

a) Buoyed weight of drill string 

During drilling operation, the drill string is submerged in the drilling fluid such that the recorded 

weight of the drill string suspended by the hook depends on the densities of the drill string and 

drilling fluid in the borehole. In this case two forces are acting which affects both the hook load 

(HKL) and weight on bit (WOB). These are gravity and buoyancy forces. Buoyance force is the 

upward force that exerted by fluid and it opposes the gravity force (Mkuyi, 2016). 
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Figure 29: Forces acting on a drill string component submerged in drilling fluid (Glomstad, 
2012). 

b) Friction force 

Friction is defined as the force that resists motion between two surfaces in contact. For most of 

the extended reach drilling operations, friction is one of the limiting factors affecting both hook 

load and weight on bit for tangential motion. During rotational motion, torque reading is highly 

affected due friction experienced along the length of the drill string (Mkuyi, 2016). 

c) Side force  

Side forces are defined as normal forces caused by bending and tension of the drill string. These 

forces are common in deviated wells due to change in azimuth and inclination to meet the 

drilling target and likely occur at drop and build up sections (Kristensen, 2013). These forces 

affect hook load, weight on bit and torque readings.  
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Figure 30: Side forces on drill string component (Kristensen, 2013) 

 

d) Fluid-Drag 

Fluid drag is defined as the friction force which occurs in the well as a result of contact between 

the surface of drill string and the fluid. According to (Sjøberg, 2014), during tripping (in and 

out), the mud exerts an extra friction affecting hook load measurement hence weight on bit.  

e) Drilling mud pump efficiency 

Counting of the pump strokes does not account for physical wear on the pump liner, which can 

cause differences between theoretical and actual pumping rates, hence error in Mud flow in 

average (MFI) measurement.  

3.3.3.3. Importance of RTDD to the drilling industry  

Generally, RTDD analysis results into real time decisions during drilling operation. With RTDD 

many downhole drilling parameters can be captured and transformed into useful information. 

The availability of the right information available at all stages of well construction helps to 

minimize non-productive time (NPT) and reduce health safety and environment (HSE) incidents. 

These are both important in improving cost-efficiency and well delivery in ever more 

challenging exploration environments (Kongsberg, 2018).  
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The importance of RTDD analysis and management can therefore be summarized as shown in 

the list below: 

a) Improved safety drilling  

b) Reduced drilling costs 

c) Proper positioning of the wellbore 

d) Reduces drilling problems such as stuck pipe 

e) Makes drilling process quicker.  

f) Enables proper casing placement and cementing 

 

3.4. Research Validation Plan 
By analyzing both RTDD and survey file data using Matlab it was possible to estimate 

inclination and deviation of the wellbore path.  Variation of both inclination and deviation during 

wellbore drilling can be detected and presented through table and graphs/figures. From these 

tables and graphs, validation of results/models can be done by comparing estimated results 

against actuals values for example in inclination estimation. Also relating the computed well 

deviation parameters and failures/problems due to deviation indicated in FWR at specified 

depths along the well path enabled easier validation of deviation models.   
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3.5. Data Analysis  

The analysis of available data was done based on different techniques/steps. These techniques 

are data requirement and collection, data processing, data cleaning, exploratory data analysis, 

Modeling and Algorithms, data product (Matlab) and communication. Figure 34 represent the 

process.  

3.5.1. Data requirement and collection 

Both RTDD and survey file data were required for determination of both inclination and 

deviation of the wellbore. RTDD always include data collected from sensors, that need to be 

interpreted in such a way that they can be understandable and informative (Valipour Shokouhi, 

Skalle, Aamodt, & Sormo, 2009). Planned data are generated based on determination of the 

expected characteristics and problems to be encountered in the well. A well cannot be planned 

properly if these environments are unknown.  

3.5.2. Data processing 

Data provided for the present master thesis were in both Matlab and notepad formats. RTDD 

were given in Matlab format whereas survey files for both actual and planned data were given as 

text files. According to the strategy used in this thesis, Matlab was used as a computing tool. 

Therefore the data in notepad files were organized and imported into Matlab. 

3.5.2.1. Importation of notepad/text file into Matlab  

Importing data in text file into Matlab was done by using importdata function in Matlab (See 

Appendix F, section 8.6.1). This provide easier clarification of data as the will be found in rows 

and columns for easier computation of output parameters 
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Figure 31: Available text file for well 15/9-F4 (before importation)  

 

 

Figure 32: Available data for well 15/9-F4 (after importation in Matlab) 
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3.5.3. Data cleaning 

The processed and organized data may be incomplete, contain duplicates, or contain errors. 

Based on the way that data are entered and stored in Matlab for computation, some common 

tasks were done to correct the data (Refer program code in appendix A, section 8.1.1). These 

tasks include: 

a) Identification of inaccuracy of data and its overall quality  

b) De-duplication using unique function and  

c) Column segmentation. 

 

 
Figure 33: Screenshot of Matlab block code to show column segmentation and de-duplication 

3.5.4. Exploratory data analysis   

This technique was applied to understand the messages contained in the data and see if there are 

some inaccurate data remained after cleaning such that additional data cleaning or additional 

requests for data can be done.   

3.5.5. Modeling and Algorithms 

Mathematical formulas or models and algorithms were applied to the data to identify 

relationships among the variables. For example, correlation of dogleg angle and ratio factor in 

determination of wellbore position along the path. The detailed explanation of how models and 

algorithms used in the program during execution process is given in sub-chapter 3.6. 
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3.5.6. Data product (Matlab) 

Matlab was the main software used for execution of data. The execution done based on models 

or algorithms used in both inclination and deviation reporting agents. As Matlab takes data 

inputs and generates outputs, the outputs can be feed back into the drilling environment for 

improvement of drilling process.  

3.5.7. Communication of results 

The results were communicated in main chapter 4, using different data visualization techniques 

such as tables and graphs or figures. Therefore data analysis in present master thesis helped to 

show how inclined the well was and combining both actual and planned data, it was possible to 

show how the well is deviating from the planned path during drilling. 

 

Figure 34: Data Analysis flowchart 
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Figure 35: Flow chart of inclination reporting agent 
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Figure 36: Flow chart of deviation reporting agent 
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3.6.4. Implementation of the agents in Matlab 

Based on designed flow charts for each agent, the coding was done in Matlab accordingly. 

Appendix A, section 8.1.1 contains the code for inclinational estimation and well projection. 

Appendix B, section 8.2.3 contains the code reporting whenever inclination of the well path is 

high, medium or low. Also Appendix F, section 8.6.1 contains the code for calculation of eight 

parameters of the wellbore deviation including plots to show deviation of the well in 2D and 3D 

and hole deviation logs. 

3.6.4.1. Implementation of inclination reporting agent 

For this agent, the data are loaded directly into the Matlab script. Then clean lists of RTDD are 

created by removing data from non-drilling operations. The agent removes data from non-

drilling operation by comparing the depth of the well (DMEA) and the depth of the bit (DBTM).  

During drilling both DMEA and DBTM have to be the same otherwise the agent delete data 

recorded and reload the data again. When DMEA equals DBTM (during drilling), the agent load 

the first 100 points to initialize computation of inclination. Then run its full algorithms and start 

again until all available data are used.     

3.6.4.2. Implementation of deviation reporting agent 

For deviation agent created in present master thesis, the actual and planned data available are 

directly loaded into the Matlab script by using importdata function. The agent runs its full 

algorithm until all available data are used.     
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4. Results and Discussion 
4.1. Description of Results 
Upon execution of different functions in the Matlab codes created in the appendices A, B, E and 

F, different tables (see appendices C, D and G) and graphs/figures were generated to present the 

results for different wells under consideration. In this sub-chapter both actual and estimated 

parameters are presented using figures in sections.  

4.1.1. Actual and Estimated Inclination 

Using equation 5 presented in section 3.2.1, Inclination was estimated for each point along the 

well path. Equations 6 through 10 were used to calculate input parameters for inclination for well 

34/10-C-47 with data given Matlab format whereas for wells with data in text files, their 

inclination were estimated directly using equation 5 as TVD, East and North UTM coordinates 

were provided. Both actual and estimated values obtained were presented in table 09 (appendix 

C) for well 34/10-C-47 and tables 10 through 12 (appendix D) for wells 15/9-F-4, 15/9-F-5, 

15/9-F-10, 15/9-F-11T2, 15/9-F-12, 15/9-F-14. Detailed computations of inclinations for each 

well are shown in appendices A and B and the comparison between estimated and actual 

inclinations is illustrated in figures 37 through 40. 

 

Figure 37: Actual and estimated inclinations for well 34/10-C-47 


































































































































































































































































































