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a b s t r a c t

Directional surveys have been around since the beginning of drilling in the oil and gas industry. The tools
have constantly been changing during the years, which cannot be said for the calculation methods. The
most common directional survey calculation methods were compared in this paper. The methods were
compared with the introduction of relative differences, where each or every second, every third, or every
fifth survey station is taken into consideration. The results were plotted graphically over the length of the
wellbore. They were also visualized. The tangential method was found to be inappropriate for its use in
any circumstances. The average angle method or balance tangential method should be used for field
application whereas the helical arc method is recommended for computer calculations.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Since the first commercial wells were drilled, directional sur-
veys have been used in the oil and gas industry. In the beginning,
mostly vertical wells were drilled but after the improvement of
technology and increase in knowledge took place, more deviated
wells were drilled. Due to the complexity of the reservoirs and geo-
logical challenges, wells are nowadays rarely drilled vertically but
are rather in a deviated, horizontal, ‘‘S” shape or any shape which is
needed to maximize the drilling efficiency and reservoir recovery.
The wells have become very complex and, therefore, good direc-
tional survey tools and methods are needed.

At first, magnetic survey instruments were used. Those were
mostly used to ensure that the well is not deviated from the
planned vertical trajectory. After that, gyroscopes were used, and
other advanced instruments have come into use in the last few
decades. The tools work on different principles, but they provide
the same two major pieces of information: the azimuth and the
inclination. With the measured depth known at any time, the num-
ber of measurements is sufficient to determine each of the survey
station’s coordinates with the help of a directional survey calcula-
tion method.

Choosing the right method to calculate the well trajectory is an
important issue concerning not only directional drillers, but the
industry and companies as well. The use of a wrong directional

survey method may result in higher costs, not hitting the pay zone
or hitting the offset well. Therefore, an appropriate method should
be used.

The directional survey methods used in this paper are the most
commonmethods which can be found in literature. Wilson [1] pro-
posed the radius of curvature method and compared it with tan-
gential methods. The balanced tangential method was published
a few years later [2]. The minimum curvature method was
improved and became convenient for use [3]. An improved angle
average method was proposed by Ruqjang [4]. Lastly, the helical
arc method, which was proposed by Callas, is also used [5].

One of the motivations to write this paper was the lack of
proper comparisons between the methods. There is often a confu-
sion regarding which method to use for field application and which
one for computer calculations. Therefore, the purpose of this paper
is to help with the decision making process. The tangential, bal-
anced tangential, average angle, minimum curvature, radius of cur-
vature, and helical arc method are compared in the paper.

If measurements are taken close enough, the choice of the
method is not as crucial. However, surveys are rarely taken very
closely because of high costs. The paper represents the compar-
isons of four scenarios: if each or every second, every third or every
fifth survey station is used.

2. Material and methods

Six methods were used and their equations will be provided in
this chapter.
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2.1. Tangential method

This is the simplest method which was used in the industry for
many years. The method assumes that the wellbore course of the
segment has a constant inclination and azimuth, as they are at
the lower survey station. The inclination and azimuth from the
upper survey is not considered [6].

If the section length is considered as DMD =MDi �MDi�1 then
the equations can be written as follows [6]:

DTVD ¼ DMDi cos Ii ð1Þ
DNorth ¼ DMDi cosAi ð2Þ
DEast ¼ DMDi sin Ii sinAi ð3Þ
where Ii and Ai are the inclination and the azimuth at the survey sta-
tion of interest, respectively.

2.2. Average angle method

The average angle method has been used worldwide and it was
developed as an alternative for the tangential method. The method
simply averages the angles of inclination and the azimuth at both
survey stations. This is then a well path with a length equal to the
actual course length between the two stations. The coordinates can
be determined as follows [6]:

DNorth ¼ DMDi � sin Ii�1 þ Ii
2

� cosAi�1 þ Ai

2
ð4Þ

DEast ¼ DMDi � sin Ii�1 þ Ii
2

� sinAi�1 þ Ai

2
ð5Þ

DTVD ¼ DMDi � cos Ii�1 þ Ii
2

ð6Þ

2.3. Balanced tangential method

The balanced tangential method is a modified tangential
method and it takes the direction of the upper station for the first
half of the course length, then the one of the lower station for the
second half. It can substantially reduce the errors in that method.
Because of this modification, the method is known as the balanced
tangential method. The method is very simple and therefore has
been widely used in the fields. The change in departure compo-
nents is defined by following equations [7]:

DTVD ¼ DMDi cos Ii�1 þ cos Iið Þ1
2

ð7Þ

DNorth ¼ DMDi sin Ii�1 cosAi�1 þ sin Ii cosAið Þ1
2

ð8Þ

DEast ¼ DMDi sin Ii�1 sinAi�1 þ sin Ii sinAið Þ1
2

ð9Þ

2.4. Radius of curvature method

In this method, the wellbore is assumed to be a smooth curve in
either or both the vertical and horizontal projections. Each seg-
ment of the measured depth is defined by data obtained at both
ends of the segment [1].

Full derivation of the method can be seen in Appendix A. The
final equations yield:

DTVD ¼ DMDisnI� cos Iþ ð10Þ
DNorth ¼ DMDisnI� sin IþsnA� cosAþ ð11Þ
DEast ¼ DMDisnI� sin IþsnA� sinAþ ð12Þ

2.5. Minimum curvature method

The method assumes a curved wellbore over the course
length by fitting a spherical arc between two points by calculating

the dogleg curvature from the 3D vectors and scaling it by a ratio
factor [8].

The ratio factor can be defined as [6]:

FC ¼ 2
D2 þ ðD2 ¼ 0Þ tan

D2

2

� �
ð13Þ

And the change in departure components can be determined as
follows:

DTVD ¼ DMDi

2
FCi cos Ii�1 þ cos Iið Þ ð14Þ

DNorth ¼ DMDi

2
FCi sin Ii cosAi þ sin Ii�1 cosAi�1ð Þ ð15Þ

DEast ¼ DMDi

2
FCi sin Ii sinAi þ sin Ii�1 sinAi�1ð Þ ð16Þ

2.6. Helical arc method

The helical arc method assumes that the actual borehole seg-
ments are closely approximated by the right helical arcs that are
an exact fit to the end points of segments. To fit a helical arc con-
necting k and (k + 1) points of a borehole, directional data at three
successive points must be taken. Therefore, the method can be con-
sidered as a three-point integration method [5].

The desired iteration equation for computing successive helical
departures is defined as [5]:

Pkþ1 ¼ Pk þ SðDx;Dy;DzÞ; k ¼ 1;2; . . . ;n� 1 ð17Þ

If the vector W
�! ¼ ðVx;Vy;VzÞ is a corresponding cylinder of k-th

helical arc and S is the inverse transformation of T, then the final
departure components are as follows:

SðDxÞ ¼ VxVzDx þ VyDy þ VxDz

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1� V2

z Þ
q� �� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ð1� VzÞ2
q

ð18Þ

SðDyÞ ¼ VyVzDx þ VxDy þ VyDz

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1� V2

z Þ
q� �� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ð1� VzÞ2
q

ð19Þ

SðDzÞ ¼ �Dx

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1� VzÞ2

q
þ VzDz ð20Þ

X – axis is defined as north, Y – axis as east and Z – axis as the
depth of a wellbore.

Please notice, that when the inclination is constant, U3,i will be
constant, which means that D3,k is going to be zero. Furthermore,

values u and v, which are needed to calculate vector W
�!

, will equal

zero as well. Because of that, the vector W
�!

will be (0, 0, 1) at any

given point. Consequently, the transformation vectors TðU!kÞ and

TðU!kþ1Þ cannot be calculated because division with zero occurs.
The problem is easily solvable, since a transformation of any

arbitrary vector with the vector (0, 0, 1) yields the same arbitrary

vector. In this case, TðU!kÞ ¼ U
!

k and TðU!kþ1Þ ¼ U
!

kþ1. To avoid this
problem the ‘‘IF” function was used in the calculations. It was set
up in a way that if u and v yield zero, the transformation of the
directional vector yields the directional vector.

2.7. Relative differences between the methods

The main goal of the paper is to compare the methods between
each other. There are many possible solutions to do so, but in this
paper relative differences were used. First, the difference between
each method coordinates (North, East, TVD) were calculated. The
six methods are compared and therefore fifteen possible combina-
tions exist.

The above differences yield a vector of differences
between two methods. From this vector, the length of it can be
calculated as:
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