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ABSTRACT 

Technology regards to Oil and Gas industries has developed very fast on par with 

the 

research and development activity. In 1930, the first controlled directional well was 

drilled in Huntington Beach, California, USA. The well was drilled from an 

onshore location into offshore oil sands. And for nowadays especially on the 

offshore field, many companies prefer to use the directional drilling technology in 

order to save time & cost without having to build another drilling platform which is 

very expensive. In 1934, directional drilling was used to kill a wild well near 

Conroe, Texas, USA. As a result, directional drilling became established as one way 

to overcome wild well.  

 

The main objectives in a successful directional drilling operation are to construct 

safe and economically efficient wells, but the success also depends on hitting the 

target. Therefore, to drill a directional well it is drilled with intentional control to 

hit a predetermined target and for hit a target it's important to have the professional 

driller with a very accurate tool in determining a very good precise value of 

inclination angle and azimuth direction of the wellbore during drilling operation. By 

obtaining the cost of inclination and azimuth, the driller will then use that particular 

data to calculate the wellbore trajectory and determine the exact position and 

location of the wellbore. 

Based on the available methods of survey calculation, I will use the most simple and 

common methods in analyzing the well trajectory of Well XXX-1. I will also 

calculate the absolute error for each of the method in order to determine which 

method is the most suitable to be apply for Well XXX-1. And the results indicate 

the minimum of curvature method have the smallest error follow by the average 

tangential method accordingly 
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CHAPTER 1 

1.1 INTRODUCTION  

Enhanced access to underground energy resources (such as oil and gas) requires 

drilling complex curved boreholes. Drill rigs, as schematically depicted in Figure 1, 

are employed to generate boreholes targeting resource locations in the Earth’s crust. 

As part of these so-called directional drilling rigs. And as the technology become 

more advance from day to day, now a lot of wells has been drilled much further 

away beyond the original starting point. There many advantages of having a 

directional well which one of it is to get a longer producing interval length by 

drilling through the target at an angle. So, it is important to drill the well path in the 

right direction to hit your target or several targets' thousands of meters downhole.  

Directional drilling is a process of directing a well trajectory to some preplanned 

target intentionally [1,2]. This is done under the consideration of effective 

economical application of both time and cost, as well as a means of managing 

subsurface challenges. 

 

Fig. 1. Schematic overview of a directional drilling system 

 

One main aim in directional well trajectory plan is the development of a 

mathematical model that will best represent a given well path. There are three (3) 

basic directional well trajectory designs; Build-and-Hold trajectory, Build-Hold-

and-Drop trajectory and Continuous build trajectory, whose mathematical 
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models are presented across some drilling technology texts [1-5]. These models 

were modelled using straight lines in the horizontal departure with azimuth 

direction. 

Currently there are a lot of Petroleum Company providing tools to deflect the path 

of the wellbore in the direction of as per plan and measure the azimuth and 

inclination angle precisely. The directional survey data gain from the tools can be 

analyze and used to calculate the northing and easting at the depth of each survey 

station. In this project, I will make a study between several methods of wellbore 

trajectory calculation based on proposed survey field data of well XXX. 

 

1.2. PROBLEM STATEMENT  

As the directional well become more important these days due to the ability of 

reaching several target sands in single well and due to the limitation of space and 

cost to build another drilling platform. Therefore, it is important to plan, calculate, 

and determine the position and the path of the wellbore trajectory precisely to avoid 

any negative implication. 

There are five different methods of the survey calculation of wellbore trajectory that 

can be used in determining the position and location of the wellbore. Survey 

measurement tools provide parameters at various survey stations but cannot provide 

real trajectory of the well [2].  

In this project, I make some study between several methods namely tangential 

method, average tangential method, balance tangential method, radius of curvature 

method and minimum curvature by using proposed survey field data of Well XXX-

1. 

 

1.3 PROJECT OBJECTIVES   

The main objective of this project has been to identify the different calculation 

models used in these programs and to program suitable functions similar to those 

found in existing planning software, in an attempt to create a new and more user-

friendly well planning software.  

The objectives of this project are:  

1) To test and apply different methods of survey calculation in determining the 

wellbore trajectory based on the proposed survey of Well XXX-1. 

2) To calculate and analyze the error between different methods used. 

 

1.4 SCOPE OF STUDY  
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There are many methods of survey calculation in order to determine the wellbore 

trajectory. And for this project, I will using proposed survey data of Well XXX-1. 

And I will mainly focus on five most simple and common methods used in 

calculating the survey of the wellbore trajectory namely as the following: 

1. Tangential Method  

2. Average Tangential Method  

3. Balanced Tangential Method  

4. Radius of Curvature Method  

5. Minimum Curvature Method   

And I will also study on the method to define the error between those methods. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Directional Drilling 

Directional drilling is defined as the science and art of deviating a wellbore along a 

planned course from a starting surface location to a target subsurface location below 

the earth”, whose location is a given lateral distance and direction from the vertical 

[4]. Directional drilling can also be described as the practice of controlling the 

direction and deviation of a wellbore to a predetermined underground target or 

location [3]. 

At one time, it was assumed all oil wells were essentially vertical or the bottom of 

the hole was directly under the drilling rig. Unfortunately, this is not true. The 

petroleum industry did not become fully aware of deviated well problems until the 

development of the Seminole, Oklahoma field. The wells in this field were drilled 

very close together. As a result of the deviation tendencies, wells were drilled into 

other life wells or producing well. Also, wells were encountering the producing 

formation at different measured depths. The true vertical depths were similar, but 

measured depths varied significantly [5].  

 

In 1930s, there is one directional well was drilled in Huntington Beach, California, 

USA, from an onshore location but to hit the target at the offshore oil sands [6]. Oil 

was produced from under the ocean by placing the rig on the shore and the well was 

drilled in a directional way moving towards the offshore oil deposits. And after a 

catastrophic fire incident at Conroe field in 1933 which threatened the entire field 

production, an entrepreneur George Everett Failing and his crew drilled multiple 

directional relief wells near the surface location of the blowout in order to 

extinguish the fire after so many attempts and methods used to stop the fire failed 

[7]. Ever since the incident, directional drilling has been widely recognized and as 

of today there are a lot of improvement and R&D to invent new technology and 

technique in making the directional drilling more safe, accurate and economical. 
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Figure 2.1: Multilateral Wells: Example of a Directional Drilling Application (Butler, 2018). 

 

2.2 Applications of Directional Drilling  

There are several types of applications for directional drilling such as [4]:  

a) Drilling Sidetracking well 

b) Drilling to avoid geological problems 

c) Controlling vertical well trajectories 

d) Drilling beneath inaccessible locations 

e) Drilling Relief wells 

f) Drilling Salt Dome  

g) Fault Drilling 

h) Drilling multiple land wells for environmental reasons 

i) Drilling multiple wells from offshore structures 

j) Offshore development drilling 

k) Drilling horizontal wells 

l) Non-petroleum uses 

 

2.2.1 Directional Well Profiles: 

In general, the Directional Well profiles can be divided into trajectories confined to 

one plane (2D trajectories) and more complex trajectories that are not restricted to 

one plane (3D trajectories). There are three basic 2D trajectories: Type I, II, and III. 

Additional 2D types are the Horizontal and Vertical Wells. The 3D well trajectories 

examples consist of Cluster Drilling and Designer Wells (Mitchell & Miska, 2016). 

 

2.2.2 2D Well Trajectories 

• Type I - Slant-Type: The well is confined in the vertical 2D plane, and it 

consists of a vertical section that ends at the Kick-of-Point (KOP). The well 
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starts to build up angle from the KOP until a certain depth where the desired 

inclination is reached. A tangent section is initiated, and it goes until the 

target is hit. 

• Type II - S-Type: A S-type well starts with a vertical section until the KOP, 

followed by a build-up section. A tangent section comes after the desired 

inclination was reached in the build-up section and ends at a certain depth 

with a drop section. Sometimes, the inclination is reduced in the drop section 

to almost vertical until it hits the target. 

• Type III - J-Type: The J-Type profile is normally used in Appraisal well to 

assess the extent of a newly discovered reservoir (Krishnan & Kulkarni, 

2016). The well is kept vertical until the KOP. A build-up section starts, and 

the angle is kept increasing until the target is hit. 

 

Figure 2.2: Example of Type I, II and II 2D Well Profile (Mitchell & Miska, 2016). 

 

Additional Types: Vertical and Horizontal Wells: The Vertical well is the simplest 

and economic well to be drilled and historically is the most common onshore well. 

Now a day is normally used to investigate geological marks or hazards. The 

Horizontal wells are wells with high inclination angles between 80°to 100°, with an 

ideal one being 90°of inclination. The Horizontal wells are drilled in the reservoir to 

potentially increase the wellbore contact and enhance the oil recovery. The well 

initiates with a vertical section, followed by a build-up segment, and ends with a 

horizontal section after the desired angles were achieved in the build-up section. 

Before it reaches horizontal, the well can have different profiles than just a build-up 

section, for example, a tangent section. 
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Figure 2.3: Examples of Vertical and Horizontal Wells (Cumming, 2017) 

 

2.2.3. Horizontal Drilling 

Normally the deviation of a directional well is around 60º of inclination and the 

inclination beyond 60º will lead to many drilling issues and will further increase the 

total cost of the drilling operation [4]. Even though the risk is high but horizontal 

drilling has several advantages which it cannot be achieve by normal deviated wells. 

Some of the advantages are:  

a) Increase the drainage area 

b) Prevent gas coning or water coning issues 

c) Increase the length of penetration of the production zone 

d) Increase the EOR technique 

e) Improve productivity in fractured reservoirs by intersecting a number of 

vertical fractures. 

 

Figure 2.4: Horizontal drilling application [4] 
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Even though the cost of horizontal drilling will rise up exponentially, but the 

production rate can also be increase and improve greatly. The potential benefit from 

the horizontal well and the risk involved will need a very extensive analyze before 

the project can be decided to proceed or not. Figure 2.4 shows the illustration of the 

horizontal well. 

 

2.2.4 Deflecting Tools  

Even though the rotary assemblies can be designed is such a way that it can alter the 

path of the wellbore, there are certain conditions where it is necessary to used 

special tools. These are several types of deflection tools [4]: 

 

2.2.4.1 Whipstocks  

     Whipstocks were used in directional wells to start kick off as illustrated in 

Fig. 2.5. The direction in which the tapered edge was facing is known as the 

"tool-face". A standard whipstock is seldom used nowadays, but it has not 

disappeared completely. Whipstocks are used in coiled tubing drilling for re-

entry work. There are three types of whipstocks used in conventional 

directional drilling: 

1) Standard removable Whipstock, which can be used to initiate deflection in 

open hole, or straighten the vertical wells that have become crooked. 

2) Circulating Whipstock 

3) Permanent Casing Whipstock, which normally used in cased hole for 

sidetracking around a fish. 
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Figure 2.5: Application of Whipstock 

 

2.2.4.2 Jet Bit  

Jetting bit (or badgering) is a technique used to deviate wellbores in soft 

formations [2]. See Fig. 2.6. The technique was developed in the mid of 1950s 

and superseded the use of whipstocks as the primary deflection technique. 

Although jetting has subsequently been supplanted by downhole motor 

deflection assemblies it is still used frequently and offers several advantages 

which makes it the preferred method in some situations. A special jet bit may 

be used, but it is also common practice to use a standard soft formation tri-cone 

bit, with one very large nozzle and two smaller ones. See Fig.11. 

 

Fig. 2.6. Jetting bit technique: a) Wash away a pocket by jetting; b) Start to drill, bit follows 

pocket direction; c) Well deviated in pocket direction 
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2.2.4.3 Downhole Motor and Bent Sub  

Another deflection tool is a positive displacement motor which drive the bit 

without rotating the drill string. The deflection is provided by a special bent 

sub placed above the motor to create slightly bent in an angle as shown in Fig. 

2.7. Mud is pumped through the drill string to operate the motor and drive the 

bit without rotating the drill-string. An MWD tool or steering tool should be 

run to monitor the tool-face heading continuously. 

 
Figure 2.7: Positive Displacement Motor with Bent Sub and Bent Housing [4] 

 

The advantages of using a Bent sub or bent housing with a mud motor are that:   

(a) Full-gauge hole can be drilled without the need for a pilot hole.  

(b) The continuous side force produced at the bit by the bent sub gives a 

smooth curvature with less risk of severe dog-legs. 

(c) Depending on the orienting of the bent sub, this technique can be used to 

build or drop inclination, and to steer the bit to the left or right.  

When a very rapid change of angle is required, a bent sub can be used together 

with a bent housing. One important disadvantage is that the rubber components 

of the motor can be damaged by high temperatures.   

 

2.2.4.4 Rotary Steerable System RSS  

The RSS is an evolution and development of technology that overcomes the 

weaknesses in steerable motors and in conventional rotary assemblies. By 

Bent Sub 

Bet Housing 
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using RSSs, it can allow continuous rotation of the drillstring while steering 

the bit to the targeted direction. 

Therefore, RSS will give a better penetration rate, in general, than the 

conventional steerable motor assemblies. Another advantage of RSS is having 

a better hole cleaning, lower torque and drag, and better hole quality. The only 

drawback of RSS is the cost of running it which is considerably expensive. 

There are two types of steering concepts for RSS, one is point-the-bit and 

another one is push-the-bit. The point-the-bit system applies the same principle 

employed in the bent-housing motor systems. Point-the-bit systems claim to 

allow the use of a long-gauge bit to reduce hole spiraling and drill a straighter 

wellbore. On the other hand, push-the-bit system uses the principle of applying 

side force to the bit, pushing it against the borehole wall to achieve the desired 

trajectory. 

 

Rotary drilling is described as a system in which the BHA is connected to a 

rotatable drill string driven from the drilling platform at the surface. The RSS is 

an evolution in DD technology that overcomes the disadvantages in steerable 

motors and in conventional rotary assemblies. To begin a change in the well 

trajectory the actuator introduces a deflection from the centerline of the hole, 

this mode is known as the steering mode Figure 2.8 [61].  

RSSs permit the drill string to continuously rotate while the drill bit steer its 

direction. Consequently, they generally provide better ROP than the 

conventional steerable motor assemblies. 

 
Figure 2.8: Modes of Rotary Steerable System 
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The RSS consists of three points of contact Figure 2.9. First of all is the drill 

bit, which is the contact part with the formulation, then the steering actuator 

located at L1 from the bit. This actuator eccentrically deflects the centerline of 

the drill string away from the centerline of the hole by a controllable amount 

ecc in a given plane. The third point is the stabilizer which is located at a 

distance L2 from the actuator. The stabilizer, actuator, and control unit are 

placed in a non-rotating sleeve [62]. 

 

 
Figure 2.9: Rotary Steerable System structure 

 

2.3 Methods of Wellbore Trajectory Calculation  

Although the wellbore course is determined by measurements of inclination and 

azimuth at different survey stations, the real shape of the wellbore between stations 

are not known [9]. Hence, it is industry practices to make assumptions utilizing 

several calculation methods. Table 1 shows the various methods that can be used in 

survey calculation to determine the wellbore trajectory [2]. 

 

Table 1: Different Types of Survey Calculation Methods 

Methods Contributor Description/Assumption 

Numerical Integral  Xiushan Liu Inclination and azimuth are cubic multi-nominals, 

the coordinates are determined through numerical 

Curve Structure  Xiushan Liu The coordinates are functions of borehole curvature  

and torsion at two survey station 

Natural Curve Xiushan Liu A 3D curve that rates the inclination change and 
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azimuth change remains individually constant  

Constant tool-face  F.J. Schuh,  

Guo Boyun 

A 3D curves that borehole curvature and tool-face 

remain individually constant. 

Rectified Average 

Angel  

Jiying Zheng An approximate calculation from the radius of 

curvature. 

Chord Step  Fuqi Liu An arc in an inclined plane, but the measured course 

length is assumed as its chord.  

Minimum Curvature  H.L Taylor,  

W.A. Zaremba 

An arc in an inclined plane, the borehole curvature 

remains constant and borehole torsion remain zero 

Radius of Curvature G.J. Wilson, 

Jiying Zheng 

A cylinder-helix curve, the curvature in a vertical 

expanded plot and in a horizontal projected plot 

remain individually constant 

Average Angle  

 

J. E. Edison A linear section 

Balanced  

Tangential 

J. E. Walstrom A polygonal line 

Tangential  Unknown  The simple's calculation. The wellbore is a straight 

 

Following are the most simple and common survey calculation methods used for 

determine the well trajectory [10]: 

 

2.3.1 Tangential Method 

This method assumes that the wellbore is straight line defined by the inclination 

and azimuth of the next survey station. Tangential method is not a good method 

to determine the wellbore trajectory because it assumes all changes in direction 

occurs only at the survey stations.  

 

2.3.2 Average Tangential Method 

The average angle method uses the average value between the two survey point 

of inclination and azimuth and assumes the wellbore to be tangent to the average 

angle. 

 

2.3.3 Balance Tangential Method 

In this method, the length between two survey stations is divided into two halves 

and assumes the first half is tangent to the wellbore at the first survey station, 

and the second half is tangent to the wellbore at the next survey station. 

 

2.3.4 Radius of Curvature Method  
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This method assumes that the wellbore has the shape of a smooth arc and it is 

tangent to the inclination and azimuth at each survey station. This method is 

better than the Tangential and Balanced tangential methods, it assumes, as the 

other two that changes in the wellbore correspond with depth of survey stations. 

 

2.3.5 Minimum Curvature Method   

Minimum Curvature method assumes that the two survey stations lie on a 

smooth circular arc by using the angles measured. The arc is smoothed out by 

multiplying with a ratio factor (RF). This method is basically the Balanced 

Tangential method timed with the dogleg ratio factor. 

 

2.4 Survey Tools  

These are the different types of survey tools [10]:   

 

2.4.1 Measurement While Drilling (MWD) Tools  

MWD is the process by which certain information is measured near the bit and 

transmitted to surface without interrupting normal drilling operations. The type 

of information may be:  

(a) Directional data (inclination, azimuth, toolface);  

(b) Formation characteristics (gamma-ray, resistivity logs);  

(c) Drilling parameters (downhole WOB, torque, and rpm).   

MWD tools are a very good and fast way to measure several different 

parameters and steer a well in the targeted direction simultaneously. Multi 

station processing technique can be used in order to improvise the accuracy of 

wellbore directional survey [11]. There are two main components in the MWD 

tools which are accelerometers and magnetometers. Accelerometers measure 

local acceleration while for the magnetometers; it will measure strength of 

earth’s magnetic field.  

 

2.4.2 Gyro Measurement While Drilling  

Gyro measurement while drilling was introduced as another option to Gyro 

single shot tool for certain applications. While the Gyro single shot is run on 

wireline, the Gyro MWD is real-time tool run alone or with regular MWD tool 

on drill pipe.  Normally, Gyro MWD is commonly used in the top sections near 

the surface to get a more accurate measurement of the magnetic interference. 

This is to ensure no colliding will occur with an existing wellbore when drilling 

from a platform which the slots is very close to each other. 
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CHAPTER 3 

METHODOLOGY 

All the way through this project, there are some methodologies that will be applied 

in 

order to achieve the objective and meet the purpose of this project. The 

methodologies 

that involved in this project are (Figure 3.1):  

  

3.1.1 Project Process Flow: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.1: Process Flow for Research Methodology 

 

3.1.2 Survey Calculation Methods  

There are several different methods used in survey calculation in determining 

the wellbore trajectory. As for this project, I will apply five most simple and 

common methods used to test on the proposed survey field data of Well XXX-1.  

 

3.1.2.1 Tangential Method  

This method assumes that the wellbore is straight line from two survey stations 

(Figure 3.2) [12]. Tangential method is not practical to be used in calculating 

the wellbore position because it assumes all changes in direction occurs only at 

the survey stations [10]. 

 

Review methods that used for calculating wellbore trajectory 

Identify and select five most common and simple methods used 

Apply the surveying method calculation to the proposed survey from 

field data of well XXX 

Analyze the result and plotting the graphical trajectory of each of the 

methods by using Matlab 

Calculate the absolute error between those methods 
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Figure 3.2: Illustration of Tangential method [13] 

 

Formula for Tangential Method: 

North = MD x Sin (Ii) x Cos (Ѳi)       (1.1) 

East = MD x Sin (Ii) x Sin (Ѳi)       (1.2) 

TVD = MD x Cos (Ii)        (1.3) 

 

3.1.2.2 Average Tangential Method  

The average tangential method takes the average between two survey stations 

and assumes that the wellbore has a tangential path as shown in the Figure 3.3 

[2].  
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Figure 3.3: Illustration of Average Tangential method [2]  

 

Formula for Average Tangential Method: 

                 (
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)      (2.1) 

                 (
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               (
       

 
)        (2.3) 

 

3.1.2.3 Balanced Tangential Method  

In the balanced tangential method, the course length between the two survey 

stations is divided into halves (Figure 3.4). It assumes that the first half is 

tangent to the first survey station and the second half is tangent to the second 

survey station.  

 

Figure 3.4: Illustration of Balanced Tangential method [2]  
 

Formula for Balanced Tangential Method 

        
  

 
   [    (    )       (    )      (  )       (  )]   (3.1) 

        
  

 
   [    (    )       (    )      (  )       (  )]  (3.2) 
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3.1.2.4 Radius of Curvature Method  
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The radius of curvature method is currently considered to be one of the most 

accurate methods available. The method assumes the wellbore course is a 

smooth curve between the upper and lower survey stations. And the curvature of 

the arc is determined by the survey inclinations and azimuths at the upper and 

lower survey stations. And the length of the arc between I1 and I2 is the 

measured depth between survey stations.  

The radius of curvature method assumes that the wellbore has a shape of smooth 

curve described by a circular arc (Figure 3.5) [14]. This method is less accurate 

when a severe dogleg is present in the interval of calculation [2]. 

 

Figure 3.5: Illustration of Radius of Curvature method  

 

Formula for Radius of Curvature Method: 
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3.1.2.5 Minimum of Curvature Method   

The minimum curvature method uses the angles measured at two consecutive 

survey stations to describe a smooth circular arc representing the wellbore path 

as shown in the Figure 3.6 [15]. It uses the dogleg ratio factor (FC) in order to 

get smooth wellbore section. This method replaces the straight lines assumed in 

the balanced tangential method by a circular arc.  

 

 
Figure 3.6: Illustration of Minimum Curvature method 

 

Formula for Minimum Curvature Method: 
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3.1.3 Absolute Error calculation analysis   

Absolute error is the square roots of the squared sums of the single coordinate 

errors between the calculated result and the exact target with north course 

coordinated, east course coordinate and course vertical depth [2].   

 

      √(       )
  (       )

  (           )
                   (   ) 

 

3.2  INPUT WELL DATA:  

3.2.1 Lithology (Formations): 

 

1. Hole and Casing Size: 

Casing Type 
Hole Size (bit), 

(in) 

Casing (OD) 

Diameter, (in) 

MD From  

 (m) 

MD To  

 (m) 

Conductor  24.500 18.625 0.000 10.900 

Surface Casing 23.000 18.625 0.000 676.000 

Intermediate 

Casing 1 
17.500 13.375 0.000 2041.000 

Intermediate 

Casing 2 
12.250 9.625 0.000 2628.000 

Production 

Liner 
8.500 7.000 2628.000 2896.000 

 

2. The Well Schematic & Survey using PIPESIM software: 
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PLANNING OF THE DIRECTIONAL WELL XXX-1 

Well Type I (Build-Hold): 

Well Data: 

Target Depth (TVD)   2,440.31 m (8,006.3 ft) TVD 

Kick-off-Point (KOP)   696 m (2,283.5 ft) TVD 

Horizontal Departure (HD)           1,200 m (3,937 ft) 

Direction of Departure                N30°E 

Rate of Build                        1.5°/30m (1.5°/100 feet) 

Total Depth of Well (TVD)  2,467 m (8,093.832 ft) TVD 

And we should determine the followings:  

1. True vertical depth (TVD) for each section 

2. Measured depth (MD) for each section  

3. Horizontal departure (HD) for each section  

4. North coordinate at target and TD 

5. East coordinates at target and TD 
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6. Closure distance at target and TD  

7. Closure direction at target and TD  

8. Construct a vertical plan view section and horizontal plan view.  

 

1. SECTION 1 - Vertical Section to KOP 

From the information given, the kickoff point (KOP) is 696 m (2283.5 ft). Since this 

is a vertical hole, there is no horizontal departure, and the MD is the same as the 

TVD. 

The following shows the data for this section of the hole. In reality, the hole will not 

be perfectly vertical but for planning purposes, it is sufficient to assume that it is 

vertical. 

 

SECTION MD, m TVD, m 
Horizontal 

Departure, m 

Vertical to KOP 696 m (2283.5 ft) 696 m (2283.5 ft) 0 

 

2. SECTION 2 – Buildup Rate  

To determine the angle necessary to achieve the desired horizontal departure of 

1,200m (3,937 ft), the 1.5°/30 m (1.35°/100 feet) buildup graph is used. And to use 

this graph, one must determine the TVD remaining in which to accomplish the 

horizontal departure. 

The TVD remaining in this example is the total TVD to the target minus the TVD to 

the kickoff point. 

or:  

The TVD remaining = Well target depth - VD to KOP 

The TVD remaining = 8,006.3 - 2,283.5 = 5,722.8 ft 

In 6,316.8 ft of TVD, the hole must have a horizontal departure of 3,937 ft. 
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Figure 3.13: Well Planning 

 

Using the 1.5°/30m (1.5°100 feet) buildup graph (chart below), enter the graph at 

3,937 ft on the horizontal departure scale (bottom). And draw a line up until it meets 

the TVD depth (vertical scale) of 5,722.8 ft. Then read the angle of inclination 

running through this point. 
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Figure 3.14:  Build UP Chart 

 

That inclination is 40°. Therefore, if the inclination is increased at 1.5°/100 feet to 

40° and then maintained; the horizontal departure will be 3,937 ft after drilling 

5,722.8 ft of true vertical depth (TVD). 

When the hole is kicked off at 2,283.5 ft VD, the inclination should be built to 40° 

at a rate of 1.5°/100 feet. The 40° inclination is maintained until a target depth of 

8,006.3 ft is reached which will hit the target. And drilling is continued at 40° to a 

total depth of 8,093.83 ft TVD.  

 

Now determine the MD, TVD, and DEP for the buildup section of the hole. And 

this information can be obtained from the 1.5°/100 feet buildup table. At an 

inclination of 40°, the following is the corresponding MD, TVD, and DEP. 

R
em

ai
n
in
g
 T
V
D

 

5
,7

2
2
.8

 

   Maximum 

inclination angle =40  

horizontal departure 

3,937 
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Table (3.1): Buildup Table  

 

 

Buildup Rate Section Results:  

 

Section  MD, ft TVD, ft DEP, ft 

Buildup Rate 2000 1841.45 670.23 

 

• It takes 2,000 ft of measured hole to increase the inclination from 0° to 40°. 

The true vertical depth for the 2000 ft of drilling is 1,841.45 ft and the 

horizontal departure is 670.23 feet.  

• With the above table results were calculated using the Radius of 

Curvature method.  

 

3. SECTION 3: HOLD ANGLE SECTION TO TARGET 

The MD of the hold section of the hole can be calculated using the geometry of a 

right triangle with the hypotenuse being the measured depth (MD). 

 

The remaining horizontal departure (HD) and true vertical depth can be 

calculated by subtracting the TVD and DEP to the end of the build section from the 

total.  

 

TVD Remaining (AC) = 8,006.3 – 2,283.5 – 1,841.45 = 3,881.35 ft 

DEP Remaining (CB) = 3,973 - 670.23 = 3,302.77 ft 
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The previous figure is a right triangle which represents the hold section of the hole 

with Angle “(i)” being the inclination (40°).  

Side “a” is the TVD (3,881.35 feet).  

Side “b” (opposite) is the horizontal departure (HD) (3,302.77 feet).  

Side “c” (hypotenuse) is the MD which must be calculated. From the trigonometric 

functions of a right triangle. 

    ( )  
         

          
 
        

        
 
       

  
 

   = 
       

      
 
       

     
     .   ft 

Or 

    (  )     0. 4  x  1  . 0 =           

Then the section 3: hold angle to target (From EOB to target) 

Section 3 MD, ft TVD, ft DEP, ft 

Hold to Target 5136.5 3881.35 3302.77 

 

4. SECTION 4: HOLD TO TD 

The horizontal departure and measured depth of the well must be calculated from 

8,006.3 feet TVD to 8,093.832 feet TVD which is the remaining section of the well 

to be drilled.  

It can also be calculated using the trigonometric functions of a right triangle.  

The inclination is 40° and the TVD remaining is as follows:  

TVD Remaining = 8,093.832- 8006.3 = 87.532 ft 

Target @ 

 8,006.3 ft b=? ft (opposite), ft 

 

a=? ft 

i 
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In the triangle shown in the above figure, the Angle “i” is equal to the inclination 

(40°). 

Side “a” is equal to TVD (87.53 feet). 

Side “b” (DEP) must be determined. The horizontal departure can be determined 

from the tangent of Angle “i.”  

And Side “c” (MD)  

         
 

     
                    a = 0.01 ft 

Or  

 DEP = 0.01 ft 

Also 

         
     

 
                     c= 114.26 ft 

Or 

 MD = 114.26ft 

Finally: 

Section 3 MD, ft TVD, ft DEP, ft 

Vertical to KOP 2283.5 2283.5 0 

Buildup Rate 2000 1841.45 670.23 

Hold to Target 5136.5 3881.35 3302.77 

Hold to TD 114.26 87.53 0.01 

Total 9534.26 8093.83 3973.01 

 

Therefore, the TVD is 8,093.83 feet and the DEP is 3,006.81 feet. From the 

previous tables the vertical section is labeled as shown in the following figure.  

TD @ 

 8,093.832 ft b=? ft 

a=? ft 

i 
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CHAPTER 4: RESU LTS AND DI SCU SSI ON 

RESULTS AND DISCUSSION 

4.1 Well Data: 

Data was obtained from an operator company based in Iraq. The proposed survey 

field data is for well XXX-1. Well XXX-1 is located in Iraq. There is a reservoir 

location for Well XXX-1 which is called target, as shown in Table 4.2. This well 

has a simple profile which includes build and hold angle to target. Although it has a 

simple well profile but it is a highly deviated well in which the highest deviation 

angle is 79° of inclinations and it also have a quite long well path which around 

3400 m of measure depth. Table 4.1 shows the proposed survey field data of well 

XXX-1.  

 

Table 4.1: Proposed Survey field data from Well XXX-1 

 

 

Table 4.2: Target Location of Well XXX-1 

Location NORTH (m) EAST (m) TVD (m) 

Surface 0 0 0 
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Target 1629.94 -55.10 2440.31 

4.2 Surveying Calculation Result 

In this project, there are five different surveying calculation methods used in 

determining the trajectory of the well. And I used the MATLAB software to 

calculate the functions for these methods. The first method used is tangential 

method.  

 

4.2.1 Tangential Method  

Figure 18 shows the wellbore trajectory of Well XXX-1 based on tangential 

method. The final location of the wellbore is at 1638.90m north, -67.18m east, and 

2408.87m TVD (Table 6). Based on this method, the trajectory of the well seems to 

be deviated quite far from the target as shown in Figure 18. 

 

Table 6: Tangential Method for Well XXX-1 
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Figure 18: Graphical Trajectory for Well XXX-1 - Tangential Method 

 

All of the three targets are far from the trajectory which means that this method is 

not suitable to be used in getting the smooth and good trajectory. 

 

4.2.2 Average Tangential Method  

Figure 19 shows the wellbore trajectory of Well XXX-1 based on average 

tangential method. The final location of the wellbore is at 1630.90 m north, -55.18 

m east, and 2427.71 m TVD (Table 7). This method seems to have a better 

trajectory and closer to the target compared to the tangential method.  

  

Table 7: Average Tangential Method for Well XXX-1 
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Figure 19: Graphical Trajectory for Well XXX-1 - Average Tangential Method 

 

According to Figure 19, one of the targets lies on the trajectory while the other two 

is close to it. This shows that average tangential method will produce a better 

trajectory compare to the tangential method. 

 

4.2.3 Balanced Tangential Method  

Figure 20 shows the wellbore trajectory of Well XXX-1 based on balanced 

tangential method. The final location of the wellbore is at 1632.70 m north, -55.32 

m east, and 2428.27 m TVD (Table 8). This method is definitely better than 

tangential but not as good as average angel method in term of having a trajectory 

which closes to the target.   

 

Table 8: Balance Tangential Method for Well XXX-1 
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Figure 20: Graphical Trajectory for Well XXX-1 - Balanced Tangential Method 

 

By referring to Figure 20, even the first target is not exactly lies on the trajectory 

produce by the balanced tangential method.   

 

4.2.4 Radius of Curvature Method  

Figure 21 shows the wellbore trajectory of Well XXX-1 based on radius of 

curvature method. The final location of the wellbore is at 1631.20m north, -55.11m 

east, and 2430.40m TVD (Table 9). This method seems to produce a trajectory that 

closes to the target.  

 

Table 9: Radius of Curvature Method for Well XXX-1 
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Figure 21: Graphical Trajectory for Well XXX-1 - Radius of Curvature Method 

 

According to Figure 21, the target lies on the trajectory which is almost the same 

trajectory as the average tangential method. 

 

4.2.5 Minimum Curvature Method  

Figure 22 shows the wellbore trajectory of Well XXX-1 based on minimum of 

curvature method. The final location of the wellbore is at 1632.70m north, -55.32m 

east, and 2428.27m TVD (Table 10). Minimum curvature method produces a 

trajectory which exactly the same with the balance tangential method based on the 

data of Well XXX-1.  

Table 10: Minimum of Curvature Method for Well XXX-1 
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Figure 22: Graphical Trajectory for Well XXX-1 - Minimum of Curvature Method 

 

By referring to Figure 22, the trajectory produces by applying the minimum 

curvature method will put the first target on it while the other two is close to the 

path. 

 

4.3 MODEL COMPARISON  

Based on the Figure 23 and Table 11, the well trajectory from the radius of 

curvature method and the average tangential method is the closest to the target. 

On the other hand, the tangential method is the least accurate method to apply for 

well XXX-1.   

 

Table 11: Wellbore trajectory for Well XXX-1 using five different methods 
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Figure 23: Graphical wellbore trajectory for Well XXX-1 using five different methods 

 

According to Figure 23, the radius of curvature and the average tangential method 

are both the closes to the target compared to other three methods. The most deviated 

well path is the trajectory produce by applying the tangential method which is 

absolutely not practicable to be used and applied on the field. 
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4.4 VALIDATION / MODEL SELECTION    

After apply different methods of survey calculation and plot the wellbore trajectory 

for each of the methods, it has to be justified the error between those methods in 

order to select the most suitable method in determining the smooth and good 

wellbore trajectory.  

4.4.1 The error calculation: 

1. For the tangential method with target (T): 

      √(       )
  (       )

  (           )
                     (   ) 

      √(              )  ((      )  (      ))  (               ) 

        

2. For the average tangential method with target (T): 

      √(              )  ((      )  (      ))  (               ) 

        

3. For the balanced tangential method with target (T): 

      √(              )  ((      )  (      ))  (               ) 

        

4. For the Radiuses of curvature method with target (T): 

      √(              )  ((      )  (      ))  (              ) 

        

5. For the Minimum of curvature method with target (T): 

      √(              )  ((      )  (      ))  (               ) 

        

By applying the error calculation based on equation 6.1, these are all the error 

analysis for each method based on the proposed survey field data of Well XXX-1 as 

shown in Table 12.  

Table 12: Error analysis for all methods 

METHOD NORTH (m) EAST (m) TVD (m) ERROR (m) 

Tangential 1638.9 -67.18 2408.87 33.44 

Average of Tangential 1630.9 -55.18 2429.71 10.64 

Balanced of Tangential 1632.7 -55.32 2428.27 12.35 

Radius of Curvature 1631.2 -55.11 2430.40 9.99 

Minimum of Curvature 1632.7 -55.32 2392.27 12.35 

 

Based on the Table 12, the radius of curvature has the smallest error (9.99m) 

between all of the methods. While the average tangential method producing a 
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trajectory which has the error (10.64m) and it is the second method close to the 

targets. On the other hand, the tangential method has the highest error (33.44m), 

which is not suitable to be used in calculating the wellbore trajectory. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

Although there are many methods that can be used in calculating the survey to get 

the wellbore trajectory, but not all methods are applicable to all types of well. 

Different well will have a different characteristic and profile, in which this will lead 

to different trajectory of the wellbore.   

In most cases, the minimum of curvature knows to be the most suitable method to 

be for survey calculation and getting the trajectory profile. But through this project, 

it shows that the radius of curvature is the most suitable method to be used and 

applied based on the proposed survey data of Well XXX-1. And at the end from the 

MATLAB analysis results the radius of curvature method shows the smallest error 

between all other methods which is 9.99 m based on the absolute error calculation. 

 

5.2 Recommendation for Future Work   

For future recommendation, I suggest to applied different methods apart from 

tangential: 

 The different methods are average tangential, balanced tangential, radius of 

curvature and minimum curvature and study the different between those 

methods.  

 Another recommendation is to include more wells and advisable to include all 

wells in one whole big field and study the different between those methods. 
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