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Abstract

There are several models for designing the trajeae of directional wells. Most ¢
these models are designed for only one type ofewtgry. Due to the complexity of tt
trajectories of modern directional wells, there tise problem of flexibility witt these
models. Therefore, a more robust model is requir@tiis model can be used to desi
five different types of directional well trajectas.

In light of the above, a sketch model for five difient types of directional we
trajectory was created.Every trajectory was sectioned and the mathemat
relationships for each section were derived. A cargy program that has been cod:
in order to simplify the model and generate coordies of the path of the we
trajectory that can be plotted on anyread sheet, was developed.

Some examples were made to test the model. Thes mbtfive different types ¢
trajectories clearly showed the paths the wellslwake in the rock formation in the
given vertical and horizontal coordinates. The maodeas beel found to be more
robust and flexible when compared with similar mddén the literature:.
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1.0 Introduction

In some cases, the exploration and production afoleeim require the use of directional wells. Unlike veatiavells,
directional wells gradually bend away from the &t (normal), at an angle, towards the intendedeta(at a horizontz
distance from the vertical) along predeterminech@dl], as shown ilFigure 1. The path the well takes through the |
formation is called its trajectory [1]. Directionalells have various applications or purposes inpgbtoleum arena [2, .
Due to some factors, directional wells have differtypes of trajectories ], such as the $ype, Sidetrack (build and holc
DoubleBuild, Dogleg, etc. Regardless of the type of wajey selected, every trajectory of a directionallwnust be
precisely planned and designed. Thus, a design Inodexjuired to effectively degn the trajectory of a directional wi
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Figure 1: The Basic Types of Petroleum Wi
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A design model for directional well trajectory ispéatform that provides the geometry, mathematietdtionships and
procedures for effective design of the trajectofyttee directional well [5]. Initially, directionalvells trajectories were
manually designed on paper. These days, computgrgns are employed. Most design models are farticplar type of

directional well trajectory. However, the designdabpresented in this paper has been createdviordifferent directional

well trajectories, namely: the Sidetrack, the Setyiphe Double-build, the Big-build and the Doglesjectory. Figure 2 shows
the general architecture of these trajectorieseNbEse trajectories exist in a plane, that B-dimension.
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Figure 2: The Five Types Directional Well Trajectory

2.0 Parts of a Directional Well

Most directional wells are designed on the samecipie that is they begin as vertical wellbores (ttole of wells). Then,
they kick off at predetermined points (Kick off Rt)i as they bend toward their intended targets T basic parts of
directional well trajectories in 2-dimension afdestrated in Figure 3.
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Figure 3: Parts of the Trajectory of Directional Wells

3.0 The Model

In developing this model, a step by step approaas adopted.
Creation of the sketch model

Segmentation of the trajectories

Generation of the mathematical relationships fargwsegment
Coding and development of the computer program
Procedures for applying the model

moowp

4.0  The Sketch Model
The sketch model presents the layout of the varitinestional well trajectories as shown below igufe 4. Represented in
depth versus horizontal displacement, this sketobdehwas created with the assumption that thedi@jies lied in a plane,
that is in 2-Dimention. For every trajectory, itatip starts from point A (the point of entry) to itheespective point M (the
target in the reservoir). A combination of the basgction (vertical, build, slant, drop and Horitadrsection) was used to
generate the path of every trajectory.
The principle adopted in the design of the sketabdeh is the principle of tangency [5, 7]. Here, tires intersect
tangentially. The sketch model was built from tlaagent between the initial build and the next curee angle of
inclination of the tangent to the vertical (norma#écomes the angle of inclination of the initiallthu
The sketch model was designed:

1. To guide the designer’s choice of directional vdjectory to adopt.
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2. To determine specifications of the initial valueguired by the selected trajectory.
3. To assist the designer to have a good mental pictithe selected trajectory
4. To serve as the foundation for the design of thectibnal well trajectories.
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Figure 4: The Sketch Model

5.0 Segmentation of the Trajectories
From the sketch model in Figure 4, five types afédctories for directional wells were presentednely: the sidetrack, the s-
type, the double build, the dogleg and the bigdtridjectory. Every one of these trajectories waskén down into basic
geometrical segmentsvertical, build, slant, drop and horizontal sestid-igure 5 shows the various trajectories in their
respective segments.
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Figure 5: The Segments of the Trajectories

6.0 The Mathematical Relationships
The dimensions or parameters on the sketch moddiegrouped under two categories, namely:
Initial Parameters:
These are independent values. They are valuesitbdnown or specified at the start of the desifthe directional well
trajectory. They include

X = Horizontal displacement of the point of entry

v = Depth of the point of entry

9 _ Depth of the point of intersection of the tangand the vertical (normal)

XY2 ; Maximum horizontal displacement of the tangent
YM — Maximum depth of the tangent
M Horizontal displacement of the point where thegtam intersects with the maximum depth
Y., = Depth of the point where the tangent intersecth thie maximum horizontal displacement
d'fi = Rate of inclination angle buildup for first build

Journal of the Nigerian Association of Mathematic&thysics Volume 33, (January, 2016), 337 — 346

339



A Design Model for Directional... Iremise and BelloJ of NAMP

= Rate of inclination angle buildup for second bwitddrop

Defived Parameters
As the name imply, they are derived from or degemndn the initial values. All the other valued fato this category.

For every segment of the trajectories, a requiredhematical relationship that can properly delieele segment was
generated using principles of geometry, equatiom stfaight line and equation of a circle [8, 9].
Table 1: A Table of Mathematical Relationships for Every Segt of the Trajectories

SECTIONS OF THE EQUATION OF LENGTH| EQUATION OF LINE RELIEVANT
TRAJECTORIES OF SECTION PARAMETERS/
COORDINATES OF
THE SECTION
VERTICAL V1 (Xo,Yo) 10 (X0, Y1)
SECTION L, =Y, -Y, X=a
6= tan‘l(xH — Xoj
Y, -Y,
R <180
qr

Y, =Y, - Rtan? = KOP
2

V2 (Xu,Ye) to (Xu,Ywm)

Y=Yy R tang

V3 (Xu,Y7) to (Xu,Ywm)
L,. =Y, —Y. =
v . ! X 2 Y7 =YH + R2 ta”’(z)

BUILD B1 (X0, Y1) to (X1,Y3)

SECTION LBI:‘i Y =Y, +/R* (X -RY
o= tan-l(xH-on

Y, -Y,
_18C¢
R= oW
X, =R (1-cosb)
Y, =Y, +R(sin6)
B2 ° (X4,Ys) to (X5, Y1)
Lo = - (X=X P +(v-v,) =R

Y=V, +RE-(X-X.)} | #=90-6

& =tan XH_XOJ
Y%

18C°
R2 =
Q77

Xe = X, + thar(’%o)
Y, =Y, -R

Y, =Y, + L, (cosd)
X, =X, +Lg(sing)
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0 , , (X0, Y1) to (X3, YH)
LB3:7 (X_R) +(Y_Y1) :R2 52900
Y=Y+ |R*-(X-R} | r=18"
qr
X, = X, +R

B3

(%, Y3) to (Xu,Yn)

SLANT S1
secTion B S e e N
Xy =Xy 180°

_ Ritar(z} :1 1?27(1 - cosb)

Y, =Y, + R (sind)
(%,Y3) to (X,,Ys)

S2 vy
Y :[XH _)2 Jx +Y,
WO _180°

-R tar(gj R QT
18C¢

-R, tar(gj i Q.71
X, =R (1-cosb)

Y, =Y, +R,(sind)

Y, =V, + L, (cost)

X, =X, +Lg,(sing)

(X,Y3) to (X4,Ys)

S3
( Yo=Y,

Lss :\/(XH _Xo)z +(YH _Y2)2 Y X, _lex +Y,

_180
R= r:
7, 180
_R t i~ =
’ ar( 2] T
X, = Rl(l—cosﬂ)
Y, =Y, +R,(sin6)
Y5 = Y3 + LS3 (COSH)
X, = X, +Lg,(sing)
(X4,Ys) to (Xu,Yg)

DROP D1 P
SECTION L, =— v=v, - JRZ-(X - X, )

X2:XH_R2

Y, =Y, +R, tar(zj

Y5 :Y3 + LSZ (COSH)
X, =X, +Lg,(sing)
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p2 | =9 (X=X, P+ (Y =y ) = R? | 02 Y910 (XuY2)

g, =180
2 ]RZX

=M _

R (1-cosh) R
8=tan™ M

Y, -Y,

X, = R(1-cosd)

Y, =Y, +R(sing)

X, =Xy ~R

Y, =Y, +R, tar(gj

HORIZONTAL | H1 (X, Y) to (X, Y1)
SECTION Ly, =Xy — X Y=b
Xy =X, + thar(’%j

H2 (XSIYM) and (X/liYM)
Ly = Xy =X, Y=b X;=X,*+R

Y=Y, - Rzz_(x _X7)2

7.0  The Computer Program

The Visual Basic 2015 (Visual Studio 2015) [10] wesed to develop the computer program that willegete the working
values (Derived Parameters). The program was deedléor every one of the five trajectories. Theifdce of the program
displayed:

Input Text Boxes: Initial parameters are entered here correctligrieethe enter button is clicked.

Output Text Boxes the final working values are displayed here aheeenter button is clicked

Enter Button: This button has been coded to execute all theined) mathematical relationships to yield the expec
working values.

Exit Button: This button ends the program.

8.0  Application of the Directional well Trajectory Model
The procedure for applying this model has beemgad in two stages, based on every aspect of thelmo
STAGE ONE: THE SKETCH MODEL
1. Identify the point of entry and the target in tlesearvoir from the available logs and the locatibrihe drilling
platform.
2. Specify both horizontal displacement and vertiegttl of the point of entry (and Y,) and the target () and Yy)

from the drilling platform.
3. Select the best type of directional well trajectbaged on the following
i) The recommended architecture of the wellbore. Whetle vertical, horizontal or slant.
i) The ratio of the horizontal displacement to degtthe target from the point of entry.
iii) Drilling and completion cost of well of the selettéirectional well trajectory.
iv) Available personnel and technology for the selettajgéctory
4. Specify Y, that is the depth the tangent to the build intessevith the vertical or normal as shown in thetche

model.
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5. Based on the intended angle of inclination, specKy for Double Build directional well trajectory, wreetthe
tangent intersects with the maximum depth er f¥r S-Type and Dogleg directional well trajectowhere the
tangent to the build intersect with the maximumizmntal displacement, as shown in the sketch model.

6. Then, choose a suitable rate of first builg) @nd the second rate of build or drop) (gspectively.

7. For the trajectories, some of these valugsYs, Y2, Xy, Yh, Xu, Yum, G @and g are the initial values needed in their
respective next stage.

STAGE TWO: COMPUTATION AND PLOT

Computation of the other dimensions or working ealthas been simplified by the use of a visual bamieputer program
developed for the model. The procedures for apglyfis program and using the generated coordirfdegsth to horizontal
displacement values) to plot the trajectory ofdhrectional wells is as follows:

Open the folder of the computer program, then dperselected type of trajectory folder and run prog

Enter the required initial values in their respeetiext boxes.

Then, click on the ‘ENTER’ button to generate thieeo working values.

Carefully copy the values of depth to horizontaiptikcement on a spread sheet, preferably Micresotl.

Then, make a plot of these values with the deptthervertical (y-axis) in a reverse other.

Finally, adjust the plot to scale to properly shibe trajectory of the directional well.

ogkrwnE

9.0 Results

In this section, we shall put the design model tesh. Two examples, for S-Type Trajectory and Dewuild Trajectory,
have been selected.

The S-Type Trajectory

EXAMPLE
GIVEN DATA

Y ¢=500ft X;=0ft Y,=4,000ft %.=Xn=4,000ft
Y,=12,000ft G=1°/100ft Yu=15,000ft G=2°/100ft
SOLUTION:

The S-Type program was run and initial values eates shown in Figure 6. Then, the ‘ENTER’ butt@swlicked and the
other working values were generated by the progrsushown in Figure 6.

g _— e
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= = = = = 5 o
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Kick of Part ¥1, &
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Coordinates of the path of trajectory

/lnmal values
al STYPE DIRIC/U{}(AL WELL TRAJECTCRY MODEL
Angle of Inclination A1, degree
JBRE1RDERL
Fiadivs of Curvature A2t

2854

Fiadivs of Curvature R1.f
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PLEASE PRESS ENTER TO

ENTER IAITIAL VALUES BELOW
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v o e — — 1
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H - 58 FIF 2®T g% 2| T3 3

Figure 6: THE VISUAL BASIC INTERFACE FOR S-TYPE TRA JECTORY
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The x and y values were carefully copied into argloft excel spread sheet and the trajectory of-Type directional well
was plotted as shown in Figure 7

S-TYPE TRAJECTORY

HORIZOMNTAL
DISPLACEMENT DEPTH HORIZONTAL DISPLACEMENT X, ft
;.;,f-t \",f‘t -2000 o 2000 4000 6000
0 500 -
0 2648 2000
121 3819.229
242 4295.505 4000
363 4654.859
484 4952.651 5000
605 5210.433
DEPTH 2000
3698 11395 ¥, ft
3758 11523.78 I
3818 11671.33
3878 11849 12000
3938  12083.3
4000 12676 14000
4000 15000
16000
Sheet1 )]

. |
Figure 7: The Table and Graphical Presentation of T-Type Trajectory
The Double Build Trajectory

EXAMPLE:
GIVEN DATA

Y ;=300ft Xo=0ft Y ,=5,000ft %,=4000ft

Xu=12,000ft Y=Y 0u=2°/100ft Yy=15,000ft q,=1°/100ft

The Double Build program wasin and initial values entered as shown in Figur&t&n, the ‘ENTER’ button was clicke
and the other working values were generated bypithgram as shown in Figur

\

2 ET s = 5
g A E B S
o 5
2 _l.lslelnlz|s|B|5l2 25|88
£ = 2 g ] = o
= = 5. = = 2. D
=
\, EE
\ o
a a= \ -
= = \
= & = & = 55 =
3 Ee £ Es f® fis & -
o [P = =8 Els 28 &= 2R g D
D |5 5 ©
3 | = 8 & i e
= |B k) £ = 5 g|E =
=> = = B & & 2@ et
— | E £ ¥ s & o
© |5 = &g £ H £ = o
= |E| 2 <8 = = & E (&8
c |2 8 BE 23 82 3IE =
=5 5| 3 Ea = &8 25 i
Jiell = &
R 2 2
E\N s s
g ~ il ——& B
E 3z zls sl 28 g8 28 2. Il
Figure 8: The Visual Basic Interface foh¢ Double Build Trajecto
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The x and y values were carefully copied into argoft excel spread sheet and the trajectory ofitublebuild directional
well was plotted as shown in Figure 9

DOUBLE BUILD TRAJECTORY
HORIZONTAL DISPLACEMENT X, ft

-2000 0 2000 4000 6000 8000 10000 12000 14000 16000
8

HORIZONTAL
DISPLACEMEMNT DEPTH

X, ft

2000
¥, ft

0 300

0 aa4g
41 4930.874 \

82 5128.42 6000\
1S3l \\
164 5403.247 g \
205 5512.056 \
2560 11398 10000 \

3624 13106.09 \

4688 14028.37 12000 \

5752 14590.12 \

6316 14900.33 14000 :

7380 15000 ~—

15000 15000 16000

4000

.;:-E;.

Figure 9: The Table and Graphical Presentation of the DoBhbi&l Trajecton

10.0 Conclusion
In light of the above, the following inference daadrawr

1. The directional well trajectories wesuccessfully designed by use of the new model.

2. The plots clearly revealed the path of the trajeesoin depth to horizontal displacem:

3. Computations were simplified when compared to thalzersome calculations associated with existingetx
4. The cosbf the designs was relatively che

In addition, the concept of the model can be apgpi@some other type of trajectories of directiowalls. This makes th
model much more robust and flexible than most desigdels
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