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Abstract: There are many calculation techniques for determining the trajectory of the wellbore. The most common
techniques are tangential method, balanced method, angle averaging method, radius of curvature method and minimum
curvature method. This paper presents a comparison study among five different models used to calculate the well
trajectory using actual field data for different well profiles (build & hold, S shape and modified S trajectory). A new
model was developed for calculating the well trajectory and compared with different models mentioned above using the
same data and the same well profiles. The results obtained during the present work indicated that the new model is
more accurate than the other methods for calculating the true vertical depth. At calculate Horizontal displacement,

northing and easting different methods give very close agreement, with the exception of the tangential method.
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1. INTRODUCTION

Controlled directional drilling can be defined as a science
of deviating a well bore along a planned course to a
subsurface target whose location is a given lateral distance
and direction from the vertical. At a specified vertical
depth, this definition is the fundamental concept of
controlled directional drilling even in a well bore which is
held as close to vertical as possible as well as a
deliberately planned deviation from the vertical.

To control the deviating a well bore, a number of survey
calculation methods have been used in directional drilling.
Most common type: Tangential, Average angle, Balanced,
Radius of Curvature and Minimum Curvature method.
Regardless of which conventional survey method is used,
the following three pieces of information are known at the
end of a successful survey, Measured Depth, Borehole
Inclination and Borehole Azimuth (corrected to relevant
North). In order to ascertain the latest bottom-hole
position, it is necessary to perform a survey calculation
which includes the three inputs listed above. Only then can
the latest bottom-hole coordinates be plotted on the
directional well plot (True vertical depth vs Horizontal
displacement on the vertical plot and (Northing N/S vs
Easting E/W) rectangular coordinates on horizontal plot).
The more common methods that have been adopted are
described in the following paragraphs.

Tangential method: The mathematics uses the inclination
and direction at a survey station and assumes the
inclination angle remain constant over the measured depth.

Average angle method: When using the average angle
method, the inclination and azimuth at the lower and upper
survey stations are mathematically averaged, and then the
wellbore course is assumed to be tangential to the average
inclination and azimuth. The calculations are very similar
to the tangential method

Balanced tangential method: This model uses the survey
data from both the upper and lower stations. The model
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assumes that the well path lies along two equal length,
straight line segments. The inclination and direction of
each segment is given by the corresponding survey station.
The tangential model is therefore applied twice - once to
the upper half, once to the lower half. [2, 9]

Radius of curvature method: The method assumes the
wellbore course is a smooth curve between the upper and
lower survey stations. The curvature of the arc is
determined by the survey inclinations and azimuths at the
upper and lower survey stations. The length of the arc
between two stations is the measured depth between
surveys. [1,2,5,7,9]

The equations are complicated and are not easily
calculated in the field without a programmable calculator
or computer. In the equations, the inclination and azimuth
are entered as degrees. [1,2,5,7,9]

Minimum curvature method: The minimum curvature
method is similar to the radius of curvature method in that
it assumes that the wellbore is a curved path between the
two survey points. The minimum curvature method uses
the same equations as the balanced tangential multiplied
by a ratio factor which is defined by the curvature of the
wellbore. Like the radius of curvature, the equations are
more complicated and not easily calculated in the field
without the aid of a programmable calculator or computer.
[1,2,5,79]

The main objective of the present work is to introduce a
new developed model based on both average angles and
balanced tangential methods. In addition, the suggested
model is to maximize the advantages of the previous
models by combining them into the new model. Through
the new model called as balanced tangential & average
angle model , The new developed model assume that the
actual well path can be approximated by two straight line
segments of equal length and inclination angles at upper
and lower segment have been averaged, also azimuth
angles have been averaged at upper and lower segment.
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For upper segment average inclination angle equal (( jnclination angle equal (((a +al 1)+a) / 2) and average

((1 +0i— 1)
a;_1) / 2) and average azimuth angle equal azimuth angle equal ((( +A1 0
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+ A;_;) / 2). For lower segment average figure 1
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Figure 1 New model (balanced tangential & average angle model)

From plotting in Fig. 1 the equations for new model can be summarized as follows: Vertical distance between any two

points on wellpath:
AVD; = M;[Di (cos (((OLi +2ai_1) + ai_l)/2> + cosi?Ei((w + 0@/2))

Total true vertical depth: TVD = X, AVDi Horizontal distance between any two points on wellpath:
AMD; o (0 +a
AD; = (smi?ii((w + ai_l)/2> + sinazf€(w + ;) /2))
2 2 2
Total Horizontal distance: HD = };; ADi East direction between any two points on wellpath:

AMD; ([ ( (o + 0 Aj
E = > ((smi!.{(w o_ 1)/2) * smﬂ((% Ai_l)/Z))
+ (sinﬂ:{(mi—l—zil) + ai)/2> * siniiﬁé((&:& + AQ/Z)))

Total East direction: E =X, AEi North direction between any two points on wellpath:

AMD, ([ o A+ A
AN, == ((sm((w 0 1>/2)  cos (((+2—1)+Ai_1)/2)>

+ (sin ((% ta /2))  cos (((Ai+2—Ai‘1) +A) /2)))

Total North direction: N =" ANi
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Available data
In this study, we will introduce the basic data about the three fields from which the wells were taken as one well for
every field, as showing in the table 1

Table (1) General information about wells which are used in this study

Well No A 92 FD 31 5117
Field 1 2 3
Well profile Type I(Build and Hold) | Type Il (Build, Hold and Drop) | Type Il (Deep kick off and Build)

CONCLUSIONS

Compares five the different methods with new model The results obtained during the present work indicated
using data taken from actual fields (Measured Depth, that:

Borehole Inclination and Borehole Azimuth (corrected to 1. New model is more accurate method to calculate true
relevant North). at different type of well profile build & vertical depth (TVD) for all type of wells trajectory
hold, S shape and Deep Kick off and Build. The results of 2. The differences among new model, average angle,

various calculation method tabulated in tables from 1-3. balanced, and radius of curvature, methods are so
Results calculated by minimum curvature method used as small, that any of the methods could be used for
reference to comparison. calculating the trajectory.
3. The least accurate method is tangential method for all
types of trajectory.

Table 2 Comparison of Accuracy of Various Calculation Method with New Model for Build and hold well (A 92)

North East
Method TVD & difference | HD & difference | displacement displacement &
from MC* from MC* & difference from | difference  from
MC* MC*
Minimum Curvature | 14147.07 0.00 | 3160.05 | 0.00 3126.98 | 0.00 -455.98 | 0.00
Tangential 14139.44 7.63 | 3241.06 | -81.01 3152.49 | -25.51 | -459.82 | 3.84
Average Angle 14147.16 -0.09 | 3215.14 | -55.09 | 3102.41 | 2457 |-454.25 |-1.73
Balance 14146.94 0.13 | 3215.08 | -55.03 3116.90 | 10.08 -455.91 | -0.07
New Model 14147.10 -0.03 | 3215.12 | -55.07 3114.98 | 12.00 -455.78 | -0.20

Radius of Curvature | 14147.04 0.03 | 321519 | -55.14 | 3114.80 | 12.18 | -455.97 |-0.01
* Minimum Curvature

Table 3 Comparison of Accuracy of Various Calculation Method with New Model for Build hold and drop well

(FD 31)
Method ;jri\f/flgrence fro(r% :cI)Dm&M(éiZference gor(.jt?ffgia?g e::gm Zaséiﬁéj;zgl?ece;pgm
MC* MC* MC*

Minimum curvature | 6447.47 | 0.00 | 8678.98 | 0.00 -7746.58 ] 0.00 -3914.16 | 0.00
Tangential 6437.32 | 10.15 | 8716.31 | -37.33 | -7768.62 | 22.04 | -3930.72 | 16.56
Average angle 6447.60 | -0.13 | 8688.60 | -9.62 -7747.29 ]10.71 -3913.57 ] -0.59
Balance 6447.07 | 0.40 ] 8688.11 | -9.13 -7746.22 | -0.36 |-3913.98 ]-0.18
Radius of curvature | 6447.52 | 0.05 | 8688.03 | -9.05 -7746.28 ] 0.30 -3914.30 |-0.14
New model 6447.47 1 0.00 | 8688.47 | -9.49 -7747.02 ] 0.44 -3913.68 | -0.48

*Minimum Curvature Method
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Table 4 Comparison of Accuracy of Various Calculation Method with New Model for Deep Kick off & Build well

(5117)

Method TVD & difference | HD & difference | North displacement & | East displacement &

from MC* from MC* difference from MC* | difference from MC*
Minimum 7224.75 | 0.00 | 2464.50 | 0.00 244565 | 0.00 287.29 0.00
Curvature
Tangential 7208.14 | 16.61 2531.56 | -67.03 2510.29 -64.64 304.41 -17.12
Average angle 722486 | -0.11 2464.56 | -0.06 2430.65 15.00 278.91 8.38
Balance 722450 ] 0.25 2464.38 | 0.15 2439.50 6.15 281.27 6.02
Radius of | 720450 | 023 2464.45 | 0.05 244028 | 5.37 283.12 4.17
curvature
New model 7224.77 | -0.02 2464.49 ] 0.01 2438.33 7.32 281.32 5.97

* Minimum Curvature Method
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