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ABSTRACT

A direct and less complicated computer application 
which is more general than other models is written and coded 
for the design of three-dimensional directional well 
trajectories. The trajectories may contain single or 
multiple targets. The Mitchell-Sampaio method is used to 
determine the inclination and the azimuth angles going into 
the targets. The Sampaio interpolation method is used to 
interpolate intermediate points along the curved sections of 
trajectories. Theory and equations for the minimum curvature 
calculation, the Mitchell-Sampaio method, and the Sampaio 
interpolation method that permit the calculations of the 
minimum curvature, inclination and the azimuth angles going 
into the target, and inclination, azimuth, rectangular 
coordinates (north, east, and true vertical depth) for any 
desired measured depth along the curved and straight 
sections of a trajectory are included.

The minimum dog-leg severity for a turn is calculated 
for planning the intersection of single and multiple 
targets. The new azimuth and inclination angles of planned 
trajectories for the intersection of targets may be 
calculated for the eight octants of a sphere in rectangular 
coordinates. A procedure for planning three-dimensional
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trajectories for inverted directional wells is given. An 
example of planning a three-dimensional double build type 
trajectory is presented.

My three-dimensional computer application which is 
developed in the thesis was validated with the sectional and 
minimum curvature survey calculation methods and with the 
Halliburton directional planning program. The three- 
dimensional planning values obtained from my computer 
application duplicated the three-dimensional planning values 
obtained with the Halliburton directional planning program 
for three-dimensional inverted directional well.

iv
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1. INTRODUCTION

1.1 Statement of the Problem

At one time, general three-dimensional planning of
directional wells was considered to be a very complicated 
problem. Unlike all other models, the computer application 
developed in this thesis provides general solutions for 
three-dimensional planning of directional wells.

1.2 Solution of the Problem

A direct and less complicated computer application
which is more general than other models is developed for the 
design of 3 dimensional directional well trajectories. The 
trajectories may contain single or multiple targets. The 
inclination angle and the azimuth of the trajectory that 
will intersect the targets are determined by the Mitchell- 
Sampaio method. The minimum dog-leg severity that can 
intersect the target can be calculated. The interpolation of 
the intermediate points along the curved sections of the 
well is calculated by the Sampaio interpolation method . The 
inclination and azimuth angles of the trajectory of the 
well,in addition to the rectangular coordinates of the
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trajectory, are calculated by interpolation in the computer 
application. The computer application can plan a trajectory 
in eight octants of a sphere in rectangular coordinates. 
Moreover, Mitchell's method was modified to design a three- 
dimensional planning for inverted directional wells.

1.3 Definition Of Directional Drilling

Directional drilling is the process of directing a 
wellbore along a planned trajectory to a predetermined 
target. A directional well can also be defined as one in 
which changing angles is deliberately initiated in order to 
intersect a particular zone. Directional drilling might be 
the only practical way to reach the producing zone when 
drilling in the following situations :
a) Offshore development
b) Fault drilling
c) Inaccessible and restricted areas
d) Sidetracking
e) Salt dome drilling
f) Relief wells
Figure 1 illustrates directional drilling applications.

The trajectory of a directional well rarely, if ever, 
is found in a single plane, instead, the trajectory changes



T-4708 3

its inclination and azimuth continuously. Thus, the 
directional well should be viewed in three dimensions, with 
hole inclination and azimuth specified at each position. 
Figure 2 shows a three-dimensional view of a directional . 
well.
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Figure 1: Directional Drilling Applications. (After Eastman
Whipstock)
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Figure 2: Three-Dimensional View Of A Directional Well.
(After Mitchell)
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Figure 2 illustrates the following definitions of a
directional well:
1) Inclination is the angle between the vertical and a 

tangent to the well trajectory at any point.
2) Azimuth is the clockwise angle measured in a horizontal

plane between north and a point in the trajectory.
3) True vertical depth is the vertical distance from the 

rotary kelly bushing to a point in the trajectory.
4) Measured depth is the length along the drill hole.
5) Departure is the horizontal distance between two

stations on the rotary table and a point in the 
trajectory.

6) Dog-leg severity is the angular change between two 
points in the well trajectory, and can result from 
changes in inclination, azimuth, or both over a 
specified depth interval. Its units are degree per 100 
feet.

7) Station is a location within the wellbore where 
direction and inclination are recorded by a survey 
instrument.

8) Section is the horizontal distance between two stations 
which has been projected into the target azimuth.

9) Inverted well is the well where the inclination angle i: 
greater than 90°.
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10) The horizontal view depicts north-south and east-west 
axes that intersect in the center of the rotary table 
(see Figure 4).

11) The vertical section view is a vertical cross-section 
drawn through the centers of the rotary table and the 
target(see Figure 5).

The horizontal view and the vertical section view help 
visualize a directional well plan.
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Azimuth
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Figure 3 : Horizontal View
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Figure 4 : Vertical Section View
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1.4 Types Of Directional Well Trajectories

Common trajectories for directional wells are, slant 
type, 8-type, and double-build types. A slant type 
trajectory consists of a vertical section, build section, 
and slant section (see Figures 5 and 6). An 8-type 
trajectory consists of a vertical section, build section, 
slant section, drop section, and hang section (see Figure
7). A double-build trajectory consists of a vertical 
section, build section, slant section, another build 
section, and hang section (see Figure 8).
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Surface Location

Figure 5: Three-Dimensional View Of Slant Type Trajectory



T-4708 12
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Figure 6: Slant Type Trajectory
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Figure 7: S-Shape Type Trajectory
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Figure 8: Double-Build Trajectory
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1.5 Derivation Of Two-Dimensional Directional Planning 
Methods

Two-dimensional mathematical equations for planning 
trajectories shown in Figures 6 through 8 are well known.
For example, see Advanced Oil Well Drilling Engineering 
Handbook by Mitchell11. The equations are valid only for 
planning trajectories in a single vertical plane. The 
resulting trajectories are often called two dimensional. The 
rectangular coordinates, north, east, and true vertical 
depth can be determined for all the points along the 
trajectory11.

1.6 Surveying

Survey instruments measure the inclination and azimuth 
angles and the spherical coordinates of the trajectory of a 
borehole. The spherical coordinates must be converted to 
rectangular coordinates for convenience and legal 
considerations. The mathematical equations and theory are 
well documented for the conversions11.
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2. LITERATURE REVIEW

2.1 Three-Dimensional Planning Models

A small number of papers have been written on the 
subject of three-dimensional planning for directional wells. 
Different mathematical approaches were used to develop 
models for the planning of three-dimensional directional 
wells. While some authors used vectors and geometry to 
develop their planning models, others used calculus 
techniques in developing their planning models. Some authors 
used existing survey calculation techniques as the basis for 
their three-dimensional planning models. A discussion of the 
methods follows.

Planeix12 (1979) applied the integration of a 
curvilinear line to find the position of any point along a 
three-dimensional curved section of the wellbore in terms of 
build and turn rates. The dog-leg severity is expressed by 
the following equation:

Assuming the turn ends first, azimuth angle is calculated by 
the following equation:

(1)
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(2 )

Assuming the build end first, the inclination angle at the 
end of the curvature is expressed by the following equation:

T = Turn rate °/100 ft
Xt = North/South coordinate of the target ft
Xtf = North/South coordinate at the end of turn ft
Xti = North/South coordinate at the end of build ft
Yt = East/West coordinate of the target ft
Ytf = East/West coordinate at the end of turn ft
Yti = East/West coordinate at the end of build ft
Zt = True vertical depth coordinate of the target ft
Zti = True vertical depth coordinate at the end of build ft

I  = tan 1
z

x lfy +(Y,-Yt/y
Z t — Z,y

(3)
v y

Where :
Final azimuth °

B Build rate °/100 ft
d Dog-leg severity °/100 ft
I Inclination angle °
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He uses a trial and error procedure to calculate the 
final inclination and azimuth angles of the designed 
trajectory. His method is applicable only for the slant type 
well. The method is not applicable for the case where the 
build ends before the turn does.

Hodgson and Varnado6 (1983) used an extrapolation 
technique to develop their three-dimensional planning model. 
They extrapolate from a known point along the radius of the 
curvature trajectory and solve for the position, inclination 
and azimuth angles of another point on the radius of 
curvature trajectory in terms of tool face rotation angle. 
Inclination and azimuth angles at the end of the 
extrapolation are computed by the following main equations :

Where :
D2 = Azimuth angle at the end of the extrapolation °
12 = Inclination angle at the end of the extrapolation °
Xn = East/west distance ft
Yn = North/south distance ft

tan(£>2) (4)

tan (/2 ) = (5)
(Z 4 -Z 3 )
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Zn = True vertical depth ft
The method is applicable for slant and S-types directional 
wells. A trial and error procedure is used to calculate the 
final inclination and azimuth angles of the planned 
trajectory.

Goldman4 (1989) applied a two-dimensional radius of 
curvature method and extended it to a three-dimensional 
design problem. He used a technique that utilizes 
transformation of coordinates involving simultaneous 
translation and rotation. The two-dimensional radius of 
curvature method is applied to calculate the coordinates at 
the end of the curved section of the well. The inclination 
angle, true vertical depth, departure, and x, y coordinates 
at the end of the curved section are given by the following 
equations :

(6)

Tpi = 7̂, x sin (/>m (7)

(8)
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x Pi
tfXPpi 

D.

y pi -
y t* p

D.
pi

(9

(10)

Where :
= Maximum inclination angle °

Dpi = Departure at the end of curvature ft

Dt = Departure of target ft

Rv = Radius of curvature in vertical plane ft
Tk = True vertical depth of kickoff point ft

T pi = True vertical depth at the end of curvature ft

Tt = True vertical depth of target ft

X pi = X coordinate at the end of curvature ft

x t = X coordinate of the target ft

yPi = Y coordinate of at the end of curvature ft

yt = Y coordinate of the target ft
The coordinates of a point P(x,y,z) are transformed 

relative to a primary right-handed coordinate system into 
the point P(x',y',z') relative to a secondary right-handed 
coordinate system by the following equations :

x' =  lix ( x  -  x0) +  m , x ( y  -  yo) +  nix(z -  z,,) 

y ’ =  l2 x { x - x c) +  m 2 x ( y - y i!) +  n2 x ( z - z <!)

(11)
(12)
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Z, =  l3 x ( x - x 0) +  m 3 x ( y - y 0) +  n3x ( z - z 0) (13)

Inverse transformation of coordinates is given by the 
following equations :

x  =  li xx' +  l2 x y ' + l 3 x z ' + x 0 (14)

y =  m }xx' +  m 2 x y ' + m 3 x z ' + y 0 (15)

Z = n, x x ' + n 2 xy '  +  n 3 xz' +  Z0 (16)

where :

(x 2 -%i)/ = cosa = , (17)

(̂ 2-7,)
m  = cos %  — -- 1--  (18)

n =  cosy =  ̂ 2 --—  (19)

d  =  ̂ { x 2 - x , ) 2 + { y 2 - y t)2 + { z 2 - z tY  (20)
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The method is applicable for the planning of slant and 
S-type directional wells with multiple targets in three 
dimensions.

Guo, Miska and Lee5 (1992) used the integration of a 
curved line to find the position of any point along the 
curved section of the wellbore in terms of build and turn 
rates. The dog-leg severity, turn rate, inclination and 
azimuth are calculated as follows :

D  = *Jb2 + T2 xsin2(/) 21

T =
J d 2 - b

sin(/) (22)

I - /„ + B x ( L -  L0) (23)

J d 2-b 2
A = A0+---   xlnl

tan

tai
(24)

The orthogonal coordinates E, N, and Z for a point on a well 
trajectory can be calculated by the following equations :

= E.+] s in (/)x s in (A )J L 25)
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N  = N 0 + }  sin(/) xcos( A)cfL (26)

Z = Z0+ ^ x  [sin(/ ) -  sin(/„ )] (27)

The integrals do not have closed form solutions and 
need to be estimated numerically. In order to avoid the 
numerical integration, they presented two alternative 
approximations to the exact solution, namely Piecewise- 
Radius of Curvature Method and Piecewise-Constant Turn Rate 
Method. For Piecewise-Radius of Curvature Method, the dog­
leg severity is calculated in terms of build rate and turn 
rate in a horizontal plane as follows:

(28)

V o 2 - B 2 
T=  sin2( / )

(29)

(30)

(31)



T-4708 24

For Piecewise-Constant Turn Rate Method, the average turn 
rate is calculated by the following equations :

The closed form solutions could not be obtained for the 
Constant-Curvature Method by integrating equations (25) and 
(26). Therefore, the equations for calculating the well 
trajectory coordinates E and N remain in the form of 
integrals as written below:

(32)

(33)

|  sin(/)xsin(A)drL (34)

N  = N 0 + ]* sin(/)xcos( A)JL (35)

Where :
An = Azimuth ° at different points along well trajectory
B = Build rate °/100 ft
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D = Dog-leg severity °/l00 ft
En = East coordinate at different points along wellpath ft
H = Horizontal turn rate °/l00 ft
H  = Average horizontal turn rate °/l00 ft 
I = Inclination angle °
Ln = Curvilinear length of wellpath ft
Nn = North coordinate ft
T = Turn rate °/l00 ft
T  = Average turn rate °/l00 ft
Zn = True vertical depth ft

They claim that this method resulted in the smallest 
dog-leg severity value when compared with the Conventional 
Radius of Curvature Method and Constant Turn Rate Method.

2.2 Survey Calculation Methods

Several mathematical survey calculation methods for 
ascertaining well trajectories from survey data have been 
developed. Common methods include the following : tangential, 
balanced tangential, angle averaging, radius of curvature, 
minimum curvature, mercury, circular arc, and sectional. 
Craig and Randal3 (1976) discussed various survey 
calculation methods.
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2.2.1 The Tangential Method

The tangential method uses the inclination and azimuth 
angles measured at the lower end of the course length. The 
well trajectory is assumed to be tangent to these angles 
throughout the course. Craig and Randal3 claimed that this 
method is the most inaccurate method. My analysis showed 
that the method results in greater lateral displacement and 
less vertical displacement.

2.2.2 The Balance Tangential Method

Walstorm et.al.17 (1971) presented the balance 
tangential method. The method uses the inclination and 
azimuth angles at the top and bottom of the course length to 
tangentially balance the two sets of measured angles. This 
technique provides a smoother curve that approximates the 
actual wellbore between surveys more closely.

2.2.3 The Angle Averaging Method

The angle averaging method uses the angles measured at 
both the top and bottom of the course length. The top and 
bottom angles are averaged. The well bore then is calculated
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tangentially using these two average angles over the course 
length. This method is a very simple, yet accurate, means of 
calculating a wellbore survey.

2.2.4 The Radius of Curvature Method

Wilson18 (1968) introduced the radius of curvature 
method. The method uses sets of angles measured at the top 
and bottom of the course length to generate a space curve 
(representing the wellbore trajectory) that has the shape of 
a spherical arc passing through the measured angles at both 
the upper and lower ends of the measured course. The radius 
of curvature method is a very accurate method to determine 
the position of a given wellbore. It assumes that the 
wellbore is a smooth curvature which describes a segment of 
a sphere or a circle. The exact definition of the circle is 
dictated by the two-directional vectors, survey points, with 
a known distance between the survey points.

2.2.5 The Minimum Curvature Method

The minimum curvature method was developed by Taylor 
and Mason15 ( 1971) . The minimum curvature method, like the 
radius of curvature method, takes the space vectors defined
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by inclination and azimuth measurements and smooths these 
into the wellbore curve by the use of a ratio factor which 
is defined by the curvature, dog-leg, of the wellbore 
section. The method produces a circular arc as does the 
radius of curvature; however, this is not an assumption of 
the method, but a result of minimizing the total curvature 
within the physical constraints on a section of the 
wellbore. The method is accurate in determining the position 
of a given wellbore.

2.2.6 The Mercury Method

The mercury method is a combination of the tangential 
and the balanced tangential method. The method treats that 
portion of the measured course defined by the length of the 
measuring tool in a straight line (tangentially) and the 
remainder of the measured course in a balanced tangential 
manner. Basically, the method is the balanced tangential 
method with corrections made for the rigidity of the survey 
instrument.
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2.2.7 The Circular Arc Method

Zaremba19 (1973) introduced the circular arc method. 
Basically, the method is similar to the minimum curvature 
method. However, the mathematical derivation is different. 
The method uses a matrix transformation for survey 
calculations. The method is accurate in determining the 
position for a given wellbore.

2.2.8 The Sectional Method

Roy Long7 (1992) developed the sectional method. The 
method is based on an oblique circular arc. The method 
provides an interpolation technique to solve for the north, 
east, true vertical depth coordinates, inclination angle, 
and azimuth angle at any given measured depth on the curved 
section of the wellbore. The method provides solutions for 
survey calculations and can be used as an interpolation 
technique. The results obtained from this method agree with 
the results obtained by the minimum curvature method. The 
method is an accurate method for survey calculations ; on the 
other hand, it is a complex method.
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3. A GENERAL THREE-DIMENSIONAL WELL TRAJECTORY PLANNING 
FOR MULTIPLE-TARGETS DIRECTIONAL WELL

3.1 Components Of The Computer Application

A direct and less complicated computer application 
which is more general than other models is developed for the 
design of three-dimensional directional well trajectories. 
The trajectories may contain single or multiple targets. 
Further, the trajectory consist of a compound turn and 
build or drop in an oblique plane and a straight segment. 
Trajectories with inclination angles greater than 90° may be 
designed. The computer application consists of four modules. 
The first module calculates minimum curvature of the hole's 
trajectory and its inclination and azimuth at the 
intersection of the first target. Computation of points 
along the curved section of the trajectory in the oblique 
plane for a single target well is accomplished in the second 
module. The inclination and azimuth angles for multiple 
targets are determined in the third module. The final module 
computes the position of intermediate points along the 
curved trajectory in the oblique plane of multiple targets.
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3.2 Minimum Dog-Leg Severity Calculation

The determination of minimum curvature (minimum dog-leg 
severity) is very significant for trajectory planning. The 
minimum dog-leg severity determines whether or not the well 
trajectory will intersect the target. If the selected dog­
leg severity is less than the minimum dog-leg severity, the 
trajectory of the well will not intersect the target. For 
instance, if the minimum dog-leg severity value is 5°/100 
ft, the planned trajectory will not intersect the target if 
the selected dog-leg severity is less than 5°/100 ft. This 
idea is depicted in Figure (9).

The minimum dog-leg severity is controlled by the 
coordinates of the kick off point, inclination angle, 
azimuth angle, and the target coordinates. Refer to Figure 
10 and Appendix B for a complete derivation of this minimum 
curvature. Considering the inclination and azimuth angles of 
the trajectory at the kick off point, the unit vector CO is 
determined. The unit vector t is determined by connecting 
the kick off point and the target through a straight line. 
The angle a between the unit vector to and the unit vector 
t is next calculated. Then, the radius r connecting the 
kick off point and the center of the circle is determined. 
Based on the radius, the arc length, I , is calculated.
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Finally, the minimum curvature is calculated with the 
following equation :

ISOOOxoc
dls- = i ï ^ t  (36)
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Target Will Not Be Intersected With DLS < Minimum DLS

Figure 9: The Minimum Curvature Concept
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Figure 10 : Determination Of The Minimum Curvature
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3.3 The Mitchell-Sampaio Planning Method

The Mitchell-Sampaio method is used to calculate the 
direction, azimuth angle, of the trajectory and the 
inclination angle that will intersect the target. Although 
the planning of the well trajectory is a three-dimensional 
problem, it can be solved as a two-dimensional plane 
problem.

Given the inclination angle, the azimuth angle, the 
coordinates at the kick off point, the desired dog-leg 
severity, and the target coordinates, ( see Figure 11), the 
inclination and the azimuth of the trajectory are determined 
as follows :

18000
r ~ DLS  x x  137

The unit vector &  is determined based on the inclination 
and azimuth angles of the well at the kick off point, t is 
the unit vector of the straight line connecting the kick off 
point to the target. The angle cc is calculated by the 
following equation:

a  - cos 1 (<u • i) (38)
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The lengths e and f  are then calculated. The coordinates of 
the center of the circle, C, are computed with the following 
equation:

C  - W  + e x t  - f  x ô 39

The lengths d  and k are calculated. The angles p  and X  are 
calculated with the following equations :

p  = cos-1
V  - t^  

I x r x d
(40

/I = cos-1( A (41)

The unit vector between the center of the target C and the 
kick off point W is given by the following equation:

c = rw-c"
\ r J (42)

The coordinates of the point E at the end of the curved 
section of the well trajectory are computed with the 
following equation:
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E  = C +rcosy xc+r sin / x<y 43)

The unit vector between the end of the curvature and the 
target is given by the following equation:

s =
r T - E ^ (44

Inclination and azimuth angles are determined by:

(j) = cos 1 (*yv) (45)

6 = tan -ir se 
\sn

(46

The Mitchell-Sampaio method is a very general method. 
The well trajectory can be planned in any direction. Unlike 
the other methods, the method is applicable for designing a 
directionally inverted well. The method does not have any 
limitations in terms of three-dimensional planning of a 
directional well.
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Figure 11: Planning A Three-Dimensional Well Trajectory
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3.4 Sampaio Interpolation Method

Sampaio suggested a method that computes the 
rectangular coordinates, inclination and azimuth angles of 
intermediate points along a three-dimensional curved section 
of the wellbore. Given the kick off point coordinates, 
inclination, azimuth, and the desired measured depth along 
the curvature, the rectangular coordinates, inclination, and 
azimuth can be determined at the desired interpolation 
point. Figure 12 depicts the interpolation drawing. The 
vector 7 represents the rectangular coordinates at the 
desired measured depth interval. The vector 7 is calculated 
by the following procedures :
The angle T| is computed with the. following equation:

AMD - MDkop (47)

/ = (1-cos77)xC + cost; x W  +r xsinT/ xû? (48)

Taking the derivative of the vector / and dividing by the 
radius, the unit vector ê is obtained.

e = cost/ xco — sintj x c (49)
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Determination of the inclination angle at the desired 
measured depth:

= cos 1 (ev) (50

Determination of the azimuth at the desired measured depth:

6; = tan-i
\enJ

(51)

Unlike other interpolation methods, the interpolation method 
presented is very simple, valid, and applicable for any 
angle between 0° and 360°.
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Figure 12 : Interpolation Along The Curved Section 
Of The Well Trajectory
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4. CONCLUSIONS

A computer application for the design of three- 
dimensional directional wells with single or multiple 
targets is written and coded. Tests validate the computer 
application, the minimum curvature calculation, the 
Mitchell-Sampaio planning method, and the Sampaio 
interpolation method. Also, the values obtained from the 
computer application duplicated the values obtained with the 
Halliburton directional planning program for three- 
dimensional inverted directional wells.
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NOMENCLATURE

c : The unit vector between the center of the
circular arc and the kick off point.

C : The center of the circular arc.
C  : The coordinates at the center of the circular

arc. ft.
d : The straight line distance between the circular

arc center and the target. ft.
D L S ^  : Minimum dog-leg severity. °/100 ft.
e : The straight line distance between the kick off

point and the intersection of line f and t. ft. 
ê : The unit vector at the interpolation point.
ee : The east component of the unit vector ê .
en : The north component of the unit vector ê .

ev : The true vertical depth component of the unit
vector ê

E : The end of the curvature.
E  : The coordinates at the end of the curvature. ft.
EE : The east coordinate of point E . ft.
ET : The east coordinate of the target, ft.
EW : The east coordinate of the kick off point, ft.
f : Straight line connecting the circular arc center

to line t. ft.
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/ : The coordinates at the desired measured depth
along the curvature. ft.

k : Straight line connecting the end of the
curvature to the target. ft.

I : The arc length, ft.
NE : The north coordinate of point E . ft.
NT : The north coordinate of the target, ft.
NW : The north coordinate of the kick off point, ft.
r : The radius of the curvature. ft.
s : The unit vector between the end of ,curvature and

the target.
se : The east component of the unit vector s .
sn : The north component of the unit vector s .
sv : The true vertical depth component of the unit

vector s

t : The straight line distance between the kick off
point and the target, ft.

t : The unit vector between the kick off point and
the target.

T : The target.
T  : The coordinates at the target. ft.
VE : The true vertical depth coordinate of point E .

ft.
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VT : The true vertical depth coordinate of the
target. ft

VW : The true vertical depth coordinate of the kick
off point, ft.

W : The kick off point.
W  : The kick off point coordinates, ft.
to : The unit vector at the kick off point,
a : The angle between the unit vectors to and t . °
(3 : The angle of triangle WCT. °

r\ : The angle of the circular arc between the kick
off point and the desired point of 
interpolation. °

<|) : Inclination angle. °
y : The angle of the circular arc. °
X  : The angle of the triangle E C T. °

: Azimuth angle. °
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Appendix A 
Validations

Tests were run to validate the computer application.
The test runs are used to check for any limitations in the 
computer application in terms of hole direction and 
inclination. It was found that the computer application is 
applicable to design a three-dimensional well trajectory in 
any desired octant. For instance, a three-dimensional well 
trajectory can be designed in the north, north-east, east, 
south-east, south, south-west, west, or north-west 
direction. The computer application is also tested for 
designing a trajectory for a directionally inverted well. As 
a result, no limitation was found.

The three-dimensional validation test runs were 
conducted for four different types of directional wells :
a) Three-dimensional slant type directional well
b) Three-dimensional S-shape type directional well
c) Three-dimensional double-builds directional well
d) Three-dimensional inverted type directional well

Tables 1 through 6 demonstrate the values obtained from 
test runs for the slant type directional well. The 
coordinates of the well generated by the computer 
application are plotted and shown in Figures 13 through 18.
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Eight test runs were conducted to check the validity of 
the computer application for planning the three-dimensional 
S-shape type directional well. The results obtained are 
presented in Tables 7 through 14. The coordinates of the 
well generated by the computer application are plotted and 
shown in Figures 19 through 26.

The computer application was tested to check the 
validity of planning a three-dimensional double-builds type 
directional well. The data generated are listed in Tables 15 
through 22. The rectangular coordinates of the wells 
obtained by the computer application are plotted and shown 
in Figures 2 7 through 34.

Tables 23 through 2 8 demonstrate the results obtained 
from test runs for the inverted type directional well. The 
coordinates of the wells generated by the computer 
application are plotted and shown in Figures 35 through 40.

Tables 29 and 30 demonstrate the results obtained from 
the Halliburton directional planning program and my three- 
dimensional computer application.



T-4708 52

Table 1: 3-D Slant-Well Calculation, Target Due North East

St.# MD ft N/S ft E/W ft TVD ft 0° DLS °/100 ft
1 300 0 0 300 10 25 4.0
2 400 17.379 10.366 397.91 13.4418 35.1542 4.0
3 500 37.981 26.747 494.363 17.1245 41.122 4.0
4 600 61.705 49.064 588.889 20.9214 45.003 4.0
5 700 87.297 74.98 682.02 21.388 45.384 0.0
6 800 112.91 100.939 775.133 21.388 45.384 0.0
7 900 138.523 126.898 868.246 21.388 45.384 0.0
8 1000 164.137 152.857 961.36 21.388 45.384 0.0
9 1100 189.75 178.816 1054.473 21.388 45.384 0.0
10 1200 215.364 204.775 1147.586 21.388 45.384 0.0
11 1300 240.977 230.734 1240.699 21.388 45.384 0.0
12 1400 266.59 256.693 1333.813 21.388 45.384 0.0
13 1500 292.204 282.653 1426.926 21.388 45.384 0.0
14 1600 317.817 308.612 1520.039 21.388 45.384 0.0
15 1700 343.431 334.571 1613.152 21.388 45.384 0.0
16 1800 369.044 360.53 1706.266 21.388 45.384 0.0
17 1900 394.657 386.489 1799.379 21.388 45.384 0.0
18 2000 420.271 412.448 1892.492 21.388 45.384 0.0
19 2100 445.884 438.407 1985.606 21.388 45.384 0.0
20 2200 471.498 464.366 2078.719 21.388 45.384 0.0
21 2300 497.111 490.325 2171.832 21.388 45.384 0.0
22 2400 522.725 516.284 2264.945 21.388 45.384 0.0
23 2500 548.338 542.243 2358.059 21.388 45.384 0.0
24 2600 573.951 568.202 2451.172 21.388 45.384 0.0
25 2700 599.565 594.161 2544.285 21.388 45.384 0.0
26 2800 625.178 620.12 2637.398 21.388 45.384 0.0
27 2900 650.792 646.079 2730.512 21.388 45.384 0.0
38 4000 932.539 931.629 3754.758 21.388 45.384 0.0
39 4100 958.153 957.588 3847.871 21.388 45.384 0.0
40 4200 983.766 983.547 3940.984 21.388 45.384 0.0
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Table 2: 3-D Slant-Well Calculation, Target Due South East

S t.# MD ft N/S ft E/W ft TVD ft <j>° 6° DLS °/100ft
1 300 0 0 300 10 25 4.0
2 400 12.591 8.817 398.791 8.0238 47.4761 4.0
3 500 18.854 20.558 497.881 7.7828 76.8314 4.0
4 600 18.756 35.167 596.788 9.4114 101.5688 4.0
5 700 12.3 52.572 695.029 12.1813 117.1473 4.0
6 800 -0.483 72.688 792.126 15.4921 126.6103 4.0
7 900 -19.532 95.418 887.606 19.0638 132.7074 4.0
8 1000 -44.754 120.651 981.004 22.7741 136.9103 4.0
9 1100 -73.77 147.389 1072.89 23.2719 137.37 0.0
10 1200 -102.838 174.147 1164.754 23.2719 137.37 0.0
11 1300 -131.907 200.905 1256.618 23.2719 137.37 0.0
12 1400 -160.976 227.664 1348.482 23.2719 137.37 0.0
13 1500 -190.044 254.422 1440.346 23.2719 137.37 0.0
14 1600 -219.113 281.18 1532.211 23.2719 137.37 0.0
15 1700 -248.182 307.938 1624.075 23.2719 137.37 0.0
16 1800 -277.251 334.697 1715.939 23.2719 137.37 0.0
17 1900 -306.319 361.455 1807.803 23.2719 137.37 0.0
18 2000 -335.388 388.213 1899.667 23.2719 137.37 0.0
19 2100 -364.457 414.971 1991.531 23.2719 137.37 0.0
20 2200 -393.525 441.73 2083.395 23.2719 137.37 0.0
21 2300 -422.594 468.488 2175.259 23.2719 137.37 0.0
22 2400 -451.663 495.246 2267.123 23.2719 137.37 0.0
23 2500 -480.731 522.004 2358.987 23.2719 137.37 0.0
24 2600 -509.8 548.763 2450.851 23.2719 137.37 0.0
25 2700 -538.869 575.521 2542.715 23.2719 137.37 0.0
26 2800 -567.938 602.279 2634.579 23.2719 137.37 0.0
27 2900 -597.006 629.037 2726.443 23.2719 137.37 0.0
38 4000 -916.762 923.378 3736.948 23.2719 137.37 0.0
39 4100 -945.831 950.136 3828.812 23.2719 137.37 0.0
40 4200 -974.899 976.894 3920.676 23.2719 137.37 0.0
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Table 3: 3-D Slant-Well Calculation, Target Due North West

St.# MD ft N/S ft E/W ft TVD ft <l>0 0° DLS °/100ft
1 300 0 0 300 10 25 4.0
2 400 16.802 4.015 398.476 10.2915 2.205 4.0
3 500 35.676 1.374 496.623 11.9795 343.292 4.0
4 600 56.529 -7.91 593.961 14.587 329.9989 4.0
5 700 79.261 -23.792 690.019 17.7123 320.9738 4.0
6 800 103.761 -46.193 784.326 21.1268 314.681 4.0
7 900 129.509 -73.406 877.042 22.1512 313.2118 0.0
8 1000 155.326 -100.886 969.661 22.1512 313.2118 0.0
9 1100 181.142 -128.367 1062.28 22.1512 313.2118 0.0
10 1200 206.959 -155.847 1154.899 22.1512 313.2118 0.0
11 1300 232.776 -183.328 1247.519 22.1512 313.2118 0.0
12 1400 258.592 -210.808 1340.138 22.1512 313.2118 0.0
13 1500 284.409 -238.289 1432.757 22.1512 313.2118 0.0
14 1600 310.226 -265.769 1525.376 22.1512 313.2118 0.0
15 1700 336.042 -293.25 1617.995 22.1512 313.2118 0.0
16 1800 361.859 -320.73 1710.615 22.1512 313.2118 0.0
17 1900 387.675 -348.211 1803.234 22.1512 313.2118 0.0
18 2000 413.492 -375.691 1895.853 22.1512 313.2118 0.0
19 2100 439.309 -403.172 1988.473 22.1512 313.2118 0.0
20 2200 465.125 -430.652 2081.092 22.1512 313.2118 0.0
21 2300 490.942 -458.133 2173.711 22.1512 313.2118 0.0
22 2400 516.758 -485.613 2266.33 22.1512 313.2118 0.0
23 2500 542.575 -513.094 2358.949 22.1512 313.2118 0.0
24 2600 568.392 -540.574 2451.569 22.1512 313.2118 0.0
25 2700 594.208 -568.055 2544.188 22.1512 313.2118 0.0
26 2800 620.025 -595.535 2636.807 22.1512 313.2118 0.0
27 2900 645.841 -623.016 2729.427 22.1512 313.2118 0.0
38 4000 929.824 -925.301 3748.238 22.1512 313.2118 0.0
39 4100 955.641 -952.782 3840.857 22.1512 313.2118 0.0
40 4200 981.457 -980.262 3933.477 22.1512 313.2118 0.0
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Table 4: 3-D Slant-Well Calculation, Target Due South West

St.# MD ft N/S ft E/W ft TVD ft 0° DLS °/100ft
1 300 0 0 300 10 25 4.0
2 400 13.057 5.162 398.989 6.192 16.048 4.0
3 500 20.715 5.959 498.672 2.9433 344.2962 4.0
4 600 22.935 2.385 598.563 3.3116 264.9978 4.0
5 700 19.708 -5.541 698.176 6.7269 239.484 4.0
6 800 11.049 -17.781 797.025 10.5602 231.6812 4.0
7 900 -3 -34.275 894.629 14.4832 228.0355 4.0
8 1000 -22.37 -54.943 990.512 18.4389 225.924 4.0
9 1100 -46.968 -79.684 1084.207 22.4099 224.539 4.0

10 1200 -76.078 -107.921 1175.606 24.4522 223.9953 0.0
11 1300 -105.857 -136.673 1266.637 24.4522 223.9953 0.0
12 1400 -135.635 -165.425 1357.668 24.4522 223.9953 0.0
13 1500 -165.413 -194.177 1448.698 24.4522 223.9953 0.0
14 1600 -195.191 -222.929 1539.729 24.4522 223.9953 0.0
15 1700 -224.969 -251.68 1630.76 24.4522 223.9953 0.0
16 1800 -254.747 -280.432 1721.791 24.4522 223.9953 0.0
17 1900 -284.526 -309.184 1812.821 24.4522 223.9953 0.0
18 2000 -314.304 -337.936 1903.852 24.4522 223.9953 0.0
19 2100 -344.082 -366.688 1994.883 24.4522 223.9953 0.0
20 2200 -373.86 -395.44 2085.914 24.4522 223.9953 0.0
21 2300 -403.638 -424.192 2176.944 24.4522 223.9953 0.0
22 2400 -433.416 -452.943 2267.975 24.4522 223.9953 0.0
23 2500 -463.194 -481.695 2359.006 24.4522 223.9953 0.0
24 2600 -492.973 -510.447 2450.036 24.4522 223.9953 0.0
25 2700 -522.751 -539.199 2541.067 24.4522 223.9953 0.0
26 2800 -552.529 -567.951 2632.098 24.4522 223.9953 0.0
27 2900 -582.307 -596.703 2723.128 24.4522 223.9953 0.0
38 4000 -909.867 -912.973 3724.466 24.4522 223.9953 0.0
39 4100 -939.645 -941.725 3815.497 24.4522 223.9953 0.0
40 4200 -969.423 -970.477 3906.528 24.4522 223.9953 0.0
41 4300 -999.201 -999.229 3997.558 24.4522 223.9953 0.0
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Figure 16: Slant-Well, Target Due South West
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Table 5: 3-D Slant-Well Calculation, Target Due South

St.# MD ft N/S ft E/W ft TVD ft <l>0 0° DLS °/100 ft
1 300 0 0 300 10 25 4.0
2 400 12.331 6.772 398.985 6.2336 34.8183 4.0
3 500 17.814 12.39 498.656 3.1135 67.8556 4.0
4 600 16.422 16.825 598.528 3.5365 141.5325 4.0
5 700 8.163 20.058 698.113 6.8773 167.3372 4.0
6 800 -6.925 22.071 796.927 10.6801 175.6681 4.0
7 900 -28.766 22.855 894.489 14.588 179.6179 4.0
8 1000 -56.988 22.457 990.409 17.4023 181.3641 0.0
9 1100 -86.887 21.745 1085.832 17.4023 181.3641 0.0
10 1200 -116.787 21.033 1181.255 17.4023 181.3641 0.0
11 1300 -146.686 20.321 1276.677 17.4023 181.3641 0.0
12 1400 -176.585 19.609 1372.1 17.4023 181.3641 0.0
13 1500 -206.485 18.897 1467.523 17.4023 181.3641 0.0
14 1600 -236.384 18.185 1562.946 17.4023 181.3641 0.0
15 1700 -266.283 17.473 1658.369 17.4023 181.3641 0.0
16 1800 -296.183 16.761 1753.792 17.4023 181.3641 0.0
17 1900 -326.082 16.049 1849.214 17.4023 181.3641 0.0
18 2000 -355.982 15.337 1944.637 17.4023 181.3641 0.0
19 2100 -385.881 14.625 2040.06 17.4023 181.3641 0.0
20 2200 -415.78 13.913 2135.483 17.4023 181.3641 0.0
21 2300 -445.68 13.201 2230.906 17.4023 181.3641 0.0
22 2400 -475.579 12.489 2326.329 17.4023 181.3641 0.0
23 2500 -505.478 11.777 2421.751 17.4023 181.3641 0.0
24 2600 -535.378 11.065 2517.174 17.4023 181.3641 0.0
25 2700 -565.277 10.353 2612.597 17.4023 181.3641 0.0
26 2800 -595.177 9.641 2708.02 17.4023 181.3641 0.0
27 2900 -625.076 8.929 2803.443 17.4023 181.3641 0.0
38 4000 -953.969 1.096 3853.094 17.4023 181.3641 0.0
39 4100 -983.868 0.384 3948.517 17.4023 181.3641 0.0
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Figure 17: Slant-Well, Target Due South
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Table 6: 3-D Slant-Well Calculation, Target Due West

S t.# MD ft N/S ft E/W ft TVD ft <J>° 6° DLS °/100ft
1 300 0 0 300 10 25 4.0
2 400 14.318 4.173 398.861 7.4269 4.4546 4.0
3 500 25.753 2.006 498.161 6.4946 331.8536 4.0
4 600 34.249 -6.49 597.416 7.8144 301.0416 4.0
5 700 39.764 -21.273 696.143 10.5741 282.6372 4.0
6 800 42.272 -42.273 793.86 13.9435 272.3754 4.0
7 900 41.849 -69.209 890.147 16.6786 267.4256 0.0
8 1000 40.56 -97.88 985.94 16.6786 267.4256 0.0
9 1100 39.271 -126.551 1081.733 16.6786 267.4256 0.0
10 1200 37.982 -155.222 1177.526 16.6786 267.4256 0.0
11 1300 36.693 -183.894 1273.319 16.6786 267.4256 0.0
12 1400 35.403 -212.565 1369.112 16.6786 267.4256 0.0
13 1500 34.114 -241.236 1464.905 16.6786 267.4256 0.0
14 1600 32.825 -269.907 1560.698 16.6786 267.4256 0.0
15 1700 31.536 -298.579 1656.491 16.6786 267.4256 0.0
16 1800 30.247 -327.25 1752.284 16.6786 267.4256 0.0
17 1900 28.958 -355.921 1848.078 16.6786 267.4256 0.0
18 2000 27.669 -384.592 1943.87 16.6786 267.4256 0.0
19 2100 26.38 -413.263 2039.663 16.6786 267.4256 0.0
20 2200 25.091 -441.935 2135.457 16.6786 267.4256 0.0
21 2300 23.802 -470.606 2231.25 16.6786 267.4256 0.0
22 2400 22.513 -499.277 2327.042 16.6786 267.4256 0.0
23 2500 21.224 -527.948 2422.835 16.6786 267.4256 0.0
24 2600 19.935 -556.62 2518.628 16.6786 267.4256 0.0
25 2700 18.646 -585.291 2614.422 16.6786 267.4256 0.0
26 2800 17.356 -613.962 2710.215 16.6786 267.4256 0.0
27 2900 16.067 -642.633 2806.008 16.6786 267.4256 0.0
38 4000 1.888 -958.017 3859.731 16.6786 267.4256 0.0
39 4100 0.599 -986.688 3955.524 16.6786 267.4256 0.0
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Table 7: 3-D S-Shape Well, 1st Target Due NE. , 
2nd Target Due NE.

St.# MD ft N/S ft E/W ft TVD ft r 0° DLS°/100 ft
1 300 0 0 300 20 50 3.0
2 400 24.004 27.595 393.059 22.9174 48.0852 3.0
3 500 52.003 57.928 484.129 25.8529 46.5835 3.0
4 600 83.918 90.915 572.96 28.8009 45.3697 3.0
5 700 119.172 126.141 659.653 30.2479 44.8551 0.0
6 800 154.882 161.671 746.038 30.2479 44.8551 0.0
7 900 190.592 197.2 832.424 30.2479 44.8551 0.0

43 4500 1476.148 1476.269 3942.3 30.2479 44.8551 0.0
44 4600 1511.62 1511.564 4028.877 28.9196 44.8698 4.0
45 4700 1543.686 1543.512 4118.023 24.9197 44.9228 4.0
46 4800 1571.239 1571.023 4210.109 20.9198 44.9945 4.0
47 4900 1595.8 1595.59 4303.881 20.276 45.0086 0.0
48 5000 1620.301 1620.098 4397.685 20.276 45.0086 0.0
49 5100 1644.801 1644.606 4491.488 20.276 45.0086 0.0
50 5200 1669.302 1669.114 4585.292 20.276 45.0086 0.0
51 5300 1693.802 1693.621 4679.095 20.276 45.0086 0.0
52 5400 1718.303 1718.129 4772.898 20.276 45.0086 0.0
53 5500 1742.803 1742.637 4866.702 20.276 45.0086 0.0
54 5600 1767.304 1767.145 4960.505 20.276 45.0086 0.0
55 5700 1791.804 1791.653 5054.309 20.276 45.0086 0.0
56 5800 1816.305 1816.161 5148.112 20.276 45.0086 0.0
57 5900 1840.806 1840.669 5241.916 20.276 45.0086 0.0
68 7000 2110.312 2110.255 6273.754 20.276 45.0086 0.0
69 7100 2134.812 2134.763 6367.557 20.276 45.0086 0.0
70 7200 2159.313 2159.271 6461.361 20.276 45.0086 0.0
71 7300 2183.813 2183.779 6555.164 20.276 45.0086 0.0
72 7400 2208.314 2208.286 6648.968 20.276 45.0086 0.0
73 7500 2232.814 2232.794 6742.771 20.276 45.0086 0.0
74 7600 2257.315 2257.302 6836.575 20.276 45.0086 0.0
75 7700 2281.815 2281.81 6930.378 20.276 45.0086 0.0
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Figure 19: 3-D S-Shape Well, 1st Target Due NE. 2nd Due NE.
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Table 8: 3-D S-Shape Well, 1st Target Due NW. , 
2nd Target Due NE.

S t.# MD ft N/S ft E/W ft TVD ft <t>° 0° DLS °/100ft
1 300 0 0 300 20 50 3.0
2 400 22.876 23.775 394.388 18.623 41.9297 3.0
3 500 47.494 42.658 489.442 17.6378 32.8116 3.0
4 600 73.785 56.598 584.899 17.1124 22.9086 3.0
5 700 101.677 65.555 680.5 17.0893 12.6943 3.0
6 800 131.094 69.507 775.982 17.5704 2.7409 3.0
7 900 161.955 68.441 871.082 18.5164 353.5374 3.0
8 1000 194.177 62.361 965.542 19.861 345.3671 3.0
9 1100 227.669 51.284 1059.1 21.5296 338.3028 3.0

10 1200 262.342 35.239 1151.502 23.4529 332.2767 3.0
11 1300 298.099 14.271 1242.494 25.5735 327.1562 3.0
12 1400 334.842 -11.563 1331.826 27.8462 322.7949 3.0
13 1500 372.46 -42.124 1419.285 29.825 319.6512 0.0
41 4300 1433.774 -943.739 3848.421 29.825 319.6512 0.0
42 4400 1471.678 -975.939 3935.176 29.825 319.6512 0.0
43 4500 1509.546 -1007.94 4022.019 29.011 320.8722 4.0
44 4600 1546.568 -1035.35 4110.754 25.915 326.374 4.0
45 4700 1582.269 -1056.3 4201.762 23.0772 333.1869 4.0
46 4800 1616.476 -1070.69 4294.6 20.6048 341.6585 4.0
47 4900 1649.023 -1078.43 4388.816 18.6442 352.0648 4.0
48 5000 1679.75 -1079.51 4483.951 17.3698 4.3587 4.0
49 5100 1708.509 -1073.9 4579.541 16.9373 17.8712 4.0
50 5200 1735.159 -1061.64 4675.12 17.4097 31.3531 4.0
51 5300 1759.57 -1042.79 4770.224 18.7185 43.5715 4.0
52 5400 1782.514 -1019.83 4864.808 18.9589 45.1293 0.0
53 5500 1805.436 -996.802 4959.383 18.9589 45.1293 0.0
54 5600 1828.357 -973.777 5053.958 18.9589 45.1293 0.0
55 5700 1851.278 -950.752 5148.534 18.9589 45.1293 0.0
56 5800 1874.199 -927.727 5243.109 18.9589 45.1293 0.0
70 7200 2195.097 -605.377 6567.162 18.9589 45.1293 0.0
71 7300 2218.018 -582.352 6661.737 18.9589 45.1293 0.0
72 7400 2240.94 -559.328 6756.312 18.9589 45.1293 0.0
73 7500 2263.861 -536.303 6850.887 18.9589 45.1293 0.0
74 7600 2286.782 -513.278 6945.462 18.9589 45.1293 0.0
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N/S ft E/W ft TVD ft <t>° 0° DLS
KOP 0 0 300 20 50 3

1st Target 1500 -1000 4000 2 9 . 8 2 5 3 1 9 . 6 5 1 4
2nd Target 2300 -500 7000 1 8 . 9 5 9 4 5 . 1 2 2

Figure 20: 3-D S-Shape Well, 1st Target Due NW. 2nd Due NE.
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Table 9: 3-D S-Shape Well, 1st Target Due SE.,
2nd Target Due NE.

St.# MD ft N/S ft E/W ft TVD ft <r 0° DLS °/100ft
1 300 0 0 300 20 50 3.0
2 400 19.421 26.309 394.49 18.2548 57.4592 3.0
3 500 33.683 52.789 489.848 16.8534 66.2686 3.0
4 600 42.747 79.367 585.812 15.887 76.3617 3.0
5 700 46.587 105.969 682.121 15.4376 87.3656 3.0
6 800 45.193 132.524 778.509 15.55 98.6048 3.0
7 900 38.568 158.958 874.712 16.2127 109.3137 3.0
8 1000 26.732 185.198 970.467 17.3627 118.923 3.0
9 1100 9.717 211.173 1065.512 18.9113 127.1909 3.0
10 1200 -12.432 236.812 1159.585 20.7693 134.1417 3.0
11 1300 -39.653 262.045 1252.429 22.8615 139.936 3.0
12 1400 -71.871 286.801 1343.79 25.1292 144.7719 3.0
13 1500 -108.999 311.014 1433.417 27.5291 148.8353 3.0
14 1600 -150.934 334.617 1521.065 30.0293 152.2826 3.0
15 1700 -196.94 357.642 1606.812 31.2599 153.7586 0.0
41 4300 -1407.08 954.196 3829.35 31.2599 153.7586 0.0
42 4400 -1453.63 977.14 3914.833 31.2599 153.7586 0.0
43 4500 -1500.17 1000.084 4000.315 31.2462 153.7485 0.0
44 4600 -1543.61 1022.895 4087.43 27.5435 150.659 4.0
45 4700 -1580.73 1045.366 4177.503 23.9284 146.7067 4.0
46 4800 -1611.36 1067.387 4270.093 20.4474 141.472 4.0
47 4900 -1635.34 1088.852 4364.749 17.1826 134.276 4.0
48 5000 -1652.57 1109.656 4461.011 14.283 124.0591 4.0
49 5100 -1662.95 1129.697 4558.41 12.0163 109.4814 4.0
50 5200 -1666.44 1148.878 4656.47 10.7891 90.1085 4.0
51 5300 -1663.02 1167.105 4754.714 10.9567 68.8028 4.0
52 5400 -1652.71 1184.291 4852.665 12.4627 50.4314 4.0
53 5500 -1635.55 1200.349 4949.843 14.9069 36.9656 4.0
54 5600 -1611.63 1215.204 5045.777 17.9092 27.5601 4.0
55 5700 -1582.44 1229.057 5140.41 19.057 24.9471 0.0
71 7300 -1108.77 1449.401 6652.721 19.057 24.9471 0.0
72 7400 -1079.17 1463.173 6747.24 19.057 24.9471 0.0
73 7500 -1049.56 1476.944 6841.76 19.057 24.9471 0.0
74 7600 -1019.96 1490.716 6936.279 19.057 24.9471 0.0
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N/S ft E/W ft TVD ft 0° DLS
KOP 0 0 300 20 50 3

1st Target -1500 1000 4000 3 1 , 2 6 0 1 5 3 . 7 5 9 4
2nd Target -1000 1500 7000 1 9 , 0 5 7 2 4 . 9 4 7

Figure 21: 3-D S-Shape Well, 1st Target Due SE. 2nd Due NE.



T-4708 70

Table 10: 3-D S-Shape Well, 1st Target Due SW. ,
2nd Target Due NE.

S t.# MD ft N/S ft E/W ft TVD ft 4> 6 DLS °/100ft
1 300 0 0 300 20 50 3.0
2 400 20.282 24.403 394.82 17.0057 50.5821 3.0
3 500 37.125 45.167 491.168 14.0136 51.4043 3.0
4 600 50.481 62.237 588.779 11.0259 52.6616 3.0
5 700 60.314 75.565 687.386 8.0471 54.837 3.0
6 800 66.597 85.115 786.719 5.093 59.5277 3.0
7 900 69.313 90.86 886.506 2.2626 76.3833 3.0
8 1000 68.455 92.785 986.472 1.5159 179.73 3.0
9 1100 64.025 90.885 1086.344 4.1802 211.5313 3.0

10 1200 56.034 85.165 1185.849 7.1168 217.9923 3.0
11 1300 44.506 75.64 1284.713 10.0906 220.6757 3.0
12 1400 29.471 62.336 1382.665 13.0763 222.1448 3.0
13 1500 10.971 45.291 1479.438 16.0673 223.0747 3.0
14 1600 -10.944 24.55 1574.765 19.061 223.7189 3.0
15 1700 -36.213 0.171 1668.386 22.0564 224.1937 3.0
16 1800 -64.767 -27.78 1760.043 25.0528 224.5599 3.0
17 1900 -96.529 -59.226 1849.486 28.05 224.8523 3.0
18 2000 -131.41 -94.08 1936.47 31.0477 225.0923 3.0
19 2100 -169.316 -132.248 2020.756 34.0457 225.294 3.0
20 2200 -210.142 -173.625 2102.113 37.044 225.4666 3.0
21 2300 -253.777 -218.096 2180.318 40.0426 225.6169 3.0
22 2400 -300.1 -265.541 2255.156 43.0413 225.7495 3.0
23 2500 -348.713 -315.526 2326.832 44.6318 225.8139 0.0
44 4600 -1377.02 -1373.47 3821.269 44.6318 225.8139 0.0
45 4700 -1425.98 -1423.85 3892.433 44.6318 225.8139 0.0
46 4800 -1474.95 -1474.23 3963.596 44.6318 225.8139 0.0
47 4900 -1523.5 -1524.18 4035.338 42.678 225.8247 4.0
48 5000 -1568.9 -1570.93 4111.162 38.678 225.8502 4.0
49 5100 -1610.49 -1613.79 4191.346 34.6781 225.8806 4.0
50 5200 -1648.05 -1652.55 4275.5 30.6781 225.9178 4.0
51 5300 -1681.42 -1687.03 4363.215 26.6782 225.9649 4.0
52 5400 -1710.42 -1717.06 4454.063 22.6783 226.0273 4.0
53 5500 -1734.92 -1742.48 4547.603 18.6784 226.1148 4.0
54 5600 -1754.79 -1763.18 4643.376 14.6786 226.2479 4.0
55 5700 -1769.93 -1779.06 4740.918 10.6789 226.4779 4.0
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Table 10 ( Continued )

St.# MD ft N/S ft E/W ft TVD ft <J>° 0° DLS °/100 ft
56 5800 -1780.29 -1790.03 4839.752 6.6796 226.979 4.0
57 5900 -1785.79 -1796.05 4939.399 2.6823 228.9635 4.0
58 6000 -1786.43 -1797.09 5039.371 1.3313 38.9793 4.0
59 6100 -1782.18 -1793.13 5139.183 5.3245 43.9954 4.0
60 6200 -1773.09 -1784.21 5238.347 9.3235 44.7138 4.0
61 6300 -1759.18 -1770.35 5336.38 13.3231 45.0031 4.0
62 6400 -1740.52 -1751.64 5432.806 17.3229 45.1605 4.0
63 6500 -1717.22 -1728.16 5527.153 21.3228 45.2603 4.0
64 6600 -1689.38 -1700.03 5618.964 25.3227 45.3297 4.0
65 6700 -1657.13 -1667.38 5707.79 29.3226 45.3813 4.0
66 6800 -1620.64 -1630.37 5793.197 33.3225 45.4214 4.0
67 6900 -1580.2 -1589.31 5874.903 36.3174 45.4463 0.0
75 7700 -1247.79 -1251.68 6519.503 36.3174 45.4463 0.0
76 7800 -1206.24 -1209.47 6600.078 36.3174 45.4463 0.0
77 7900 -1164.68 -1167.27 6680.653 36.3174 45.4463 0.0
78 8000 -1123.13 -1125.07 6761.228 36.3174 45.4463 0.0
79 8100 -1081.58 -1082.86 6841.803 36.3174 45.4463 0.0
80 8200 -1040.03 -1040.66 6922.377 36.3174 45.4463 0.0
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Figure 22: 3-D S-Shape Well, 1st Target Due SW. 2nd Due NE.
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Table 11: 3-D S-Shape Well, 1st Target Due NE.,
2nd Target Due SE.

S t.# MD ft N/S ft E/W ft TVD ft <i>0 0° DLS °/100ft
1 300 0 0 300 20 50 3.0
2 400 24.004 27.595 393.059 22.9174 48.0852 3.0
3 500 52.003 57.928 484.129 25.8529 46.5835 3.0
4 600 83.918 90.915 572.96 28.8009 45.3697 3.0
5 700 119.172 126.141 659.653 30.2479 44.8551 0.0

41 4300 1404.728 1405.209 3769.529 30.2479 44.8551 0.0
42 4400 1440.438 1440.739 3855.915 30.2479 44.8551 0.0
43 4500 1476.148 1476.269 3942.3 30.2479 44.8551 0.0
44 4600 1511.528 1511.7 4028.859 29.0495 46.0134 4.0
45 4700 1542.217 1545.701 4117.73 25.5115 50.0935 4.0
46 4800 1566.745 1577.723 4209.212 22.1195 55.3579 4.0
47 4900 1584.991 1607.608 4302.859 18.9524 62.3465 4.0
48 5000 1596.868 1635.212 4398.216 16.1433 71.8307 4.0
49 5100 1602.317 1660.401 4494.817 13.9111 84.6924 4.0
50 5200 1601.312 1683.05 4592.192 12.5672 101.2183 4.0
51 5300 1593.858 1703.051 4689.867 12.4038 119.7826 4.0
52 5400 1579.991 1720.306 4787.365 13.464 137.0911 4.0
53 5500 1559.778 1734.73 4884.212 15.4987 150.9279 4.0
54 5600 1534.709 1746.913 4980.247 16.3252 154.6712 0.0
55 5700 1509.303 1758.939 5076.215 16.3252 154.6712 0.0
56 5800 1483.896 1770.964 5172.184 16.3252 154.6712 0.0
67 6900 1204.423 1903.243 6227.833 16.3252 154.6712 0.0
68 7000 1179.017 1915.269 6323.802 16.3252 154.6712 0.0
69 7100 1153.61 1927.294 6419.77 16.3252 154.6712 0.0
70 7200 1128.203 1939.319 6515.738 16.3252 154.6712 0.0
71 7300 1102.797 1951.345 6611.707 16.3252 154.6712 0.0
72 7400 1077.39 1963.37 6707.675 16.3252 154.6712 0.0
73 7500 1051.984 1975.395 6803.643 16.3252 154.6712 0.0
74 7600 1026.577 1987.421 6899.611 16.3252 154.6712 0.0
75 7700 1001.17 1999.446 6995.579 16.3252 154.6712 0.0
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N/S ft E/W ft TVD ft <t>° 0° DLS
KOP 0 0 300 20 50 3

1st Target 1500 1500 4000 3 0 . 2 4 8 4 4 . 8 5 5 4
2nd Target 1000 2000 7000 1 6 . 3 2 5 1 5 4 . 6 7 1

Figure 23: 3-D S-Shape Well, 1st Target Due NE. 2nd Due SE.
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Table 12: 3-D S-Shape Well, 1st Target Due SE.,
2nd Target Due NW.

S t.# MD ft N/S ft E/W ft TVD ft 0° DLS °/100ft
1 300 0 0 300 20 50 3.0
2 400 19.468 26.818 394.337 18.8051 58.2936 3.0
3 500 33.868 54.823 489.238 18.019 67.4708 3.0
4 600 43.161 83.937 584.441 17.6963 77.2081 3.0
5 700 47.322 114.081 679.687 17.8623 87.0288 3.0
6 800 46.34 145.173 774.714 18.5037 96.4312 3.0
7 900 40.216 177.126 869.261 19.5738 105.0334 3.0
8 1000 28.968 209.854 963.07 21.0071 112.6426 3.0
9 1100 12.627 243.266 1055.883 22.735 119.2341 3.0
10 1200 -8.763 277.272 1147.446 24.6956 124.8864 3.0
11 1300 -35.143 311.778 1237.508 26.8377 129.7229 3.0
12 1400 -66.441 346.689 1325.822 29.1213 133.8737 3.0
13 1500 -102.57 381.91 1412.146 31.5155 137.4579 3.0
14 1600 -143.433 417.343 1496.244 33.9967 140.5769 3.0
15 1700 -187.772 452.877 1578.531 34.7337 141.4112 0.0
43 4500 -1434.75 1447.934 3879.597 34.7337 141.4112 0.0
44 4600 -1479.29 1483.471 3961.778 34.7337 141.4112 0.0
45 4700 -1523.2 1518.466 4044.517 32.5955 141.5482 4.0
46 4800 -1563.13 1550.012 4130.577 28.5985 141.853 4.0
47 4900 -1598.42 1577.551 4219.974 24.6023 142.2473 4.0
48 5000 -1628.91 1600.949 4312.273 20.6076 142.7836 4.0
49 5100 -1654.44 1620.093 4407.024 16.6153 143.5643 4.0
50 5200 -1674.88 1634.887 4503.767 12.6277 144.8215 4.0
51 5300 -1690.14 1645.262 4602.028 8.6513 147.2118 4.0
52 5400 -1700.15 1651.166 4701.331 4.7145 153.581 4.0
53 5500 -1704.85 1652.57 4801.189 1.2665 202.6171 4.0
54 5600 -1704.23 1649.468 4901.119 3.6024 301.5844 4.0
55 5700 -1698.28 1641.874 5000.632 7.5065 311.2029 4.0
56 5800 -1687.03 1629.826 5099.244 11.4766 314.2275 4.0
57 5900 -1670.54 1613.382 5196.474 15.462 315.709 4.0
58 6000 -1648.9 1592.623 5291.849 19.4533 316.5941 4.0
59 6100 -1622.19 1567.649 5384.904 23.4474 317.1871 4.0
60 6200 -1590.56 1538.583 5475.185 27.4432 317.6156 4.0
61 6300 -1556.27 1507.304 5563.76 27.6629 317.6358 0.0
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Table 12 ( Continued )

S t.# MD ft N/S ft E/W ft TVD ft <t>° 0° DLS °/100ft
62 6400 -1521.96 1476.02 5652.329 27.6629 317.6358 0.0
63 6500 -1487.66 1444.736 5740.899 27.6629 317.6358 0.0
64 6600 -1453.36 1413.452 5829.468 27.6629 317.6358 0.0
65 6700 -1419.05 1382.167 5918.038 27.6629 317.6358 0.0
66 6800 -1384.75 1350.883 6006.607 27.6629 317.6358 0.0
67 6900 -1350.45 1319.599 6095.177 27.6629 317.6358 0.0
68 7000 -1316.14 1288.315 6183.746 27.6629 317.6358 0.0
69 7100 -1281.84 1257.03 6272.315 27.6629 317.6358 0.0
70 7200 -1247.53 1225.746 6360.885 27.6629 317.6358 0.0
71 7300 -1213.23 1194.462 6449.455 27.6629 317.6358 0.0
72 7400 -1178.93 1163.178 6538.024 27.6629 317.6358 0.0
73 7500 -1144.62 1131.893 6626.594 27.6629 317.6358 0.0
74 7600 -1110.32 1100.609 6715.163 27.6629 317.6358 0.0
75 7700 -1076.02 1069.325 6803.732 27.6629 317.6358 0.0
76 7800 -1041.71 1038.041 6892.302 27.6629 317.6358 0.0
77 7900 -1007.41 1006.757 6980.872 27.6629 317.6358 0.0
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%

N/S ft E/W ft TVD ft o-e- 0° DLS ’
KOP 0 0 300 20 50 3

1st Target - 1 5 0 0 1500 4000 3 4 . 7 3 4 1 4 1 . 4 1 1 4

2nd Target - 1 0 0 0 1000 7000 2 7 . 6629 3 1 7 . 635

Figure 24: 3-D S-Shape Well, 1st Target Due SE. 2nd Due NW.
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Table 13: 3-D S-Shape Well, 1st Target Due SW.,
2nd Target Due NW.

St.# MD ft N/S ft E/W ft TVD ft 0° DLS °/100ft
3 300 0 0 300 20 50 3.0
4 400 20.282 24.403 394.82 17.0057 50.5821 3.0
5 500 37.125 45.167 491.168 14.0136 51.4043 3.0
6 600 50.481 62.237 588.779 11.0259 52.6616 3.0
7 700 60.314 75.565 687.386 8.0471 54.837 3.0
8 800 66.597 85.115 786.719 5.093 59.5277 3.0
9 900 69.313 90.86 886.506 2.2626 76.3833 3.0
10 1000 68.455 92.785 986.472 1.5159 179.73 3.0
11 1100 64.025 90.885 1086.344 4.1802 211.5313 3.0
12 1200 56.034 85.165 1185.849 7.1168 217.9923 3.0
13 1300 44.506 75.64 1284.713 10.0906 220.6757 3.0
14 1400 29.471 62.336 1382.665 13.0763 222.1448 3.0
15 1500 10.971 45.291 1479.438 16.0673 223.0747 3.0
16 1600 -10.944 24.55 1574.765 19.061 223.7189 3.0
17 1700 -36.213 0.171 1668.386 22.0564 224.1937 3.0
18 1800 -64.767 -27.78 1760.043 25.0528 224.5599 3.0
19 1900 -96.529 -59.226 1849.486 28.05 224.8523 3.0
20 2000 -131.41 -94.08 1936.47 31.0477 225.0923 3.0
21 2100 -169.316 -132.248 2020.756 34.0457 225.294 3.0
22 2200 -210.142 -173.625 2102.113 37.044 225.4666 3.0
23 2300 -253.777 -218.096 2180.318 40.0426 225.6169 3.0
24 2400 -300.1 -265.541 2255.156 43.0413 225.7495 3.0
25 2500 -348.713 -315.526 2326.832 44.6318 225.8139 0.0
47 4700 -1425.98 -1423.85 3892.433 44.6318 225.8139 0.0
48 4800 -1474.95 -1474.23 3963.596 44.6318 225.8139 0.0
49 4900 -1523.33 -1524.39 4035.308 42.7837 226.7311 4.0
50 5000 -1567.35 -1572.83 4110.878 39.0258 228.826 4.0
51 5100 -1606.17 -1619.1 4190.554 35.3119 231.2879 4.0
52 5200 -1639.6 -1662.97 4273.949 31.658 234.2419 4.0
53 5300 -1667.46 -1704.21 4360.655 28.0876 237.8693 4.0
54 5400 -1689.64 -1742.64 4450.251 24.6376 242.438 4.0
55 5500 -1706.01 -1778.07 4542.3 21.3667 248.3462 4.0
56 5600 -1716.5 -1810.31 4636.354 18.3709 256.1716 4.0
57 5700 -1721.06 -1839.22 4731.953 15.8077 266.6637 4.0
58 5800 -1719.67 -1864.66 4828.634 13.9186 280.4673 4.0
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Table 13 ( Continued )

St.# MD ft N/S ft E/W ft TVD ft <t>° 0° DLS ° / 100 ft
59 5900 -1712.33 -1886.49 4925.923 13.0008 297.2602 4.0
60 6000 -1699.08 -1904.62 5023.349 13.2577 314.9004 4.0
61 6100 -1679.98 -1918.96 5120.435 14.6276 330.5619 4.0
62 6200 -1655.13 -1929.42 5216.709 16.8409 342.9005 4.0
63 6300 -1624.64 -1935.98 5311.702 19.614 352.1514 4.0
64 6400 -1590.14 -1939.66 5405.489 20.4072 354.1621 0.0
65 6500 -1555.46 -1943.21 5499.213 20.4072 354.1621 0.0
66 6600 -1520.77 -1946.75 5592.937 20.4072 354.1621 0.0
67 6700 -1486.08 -1950.3 5686.66 20.4072 354.1621 0.0
68 6800 -1451.39 -1953.85 5780.384 20.4072 354.1621 0.0
69 6900 -1416.7 -1957.39 5874.108 20.4072 354.1621 0.0
70 7000 -1382.02 -1960.94 5967.832 20.4072 354.1621 0.0
71 7100 -1347.33 -1964.49 6061.556 20.4072 354.1621 0.0
72 7200 -1312.64 -1968.03 6155.279 20.4072 354.1621 0.0
73 7300 -1277.95 -1971.58 6249.003 20.4072 354.1621 0.0
74 7400 -1243.26 -1975.13 6342.727 20.4072 354.1621 0.0
75 7500 -1208.58 -1978.67 6436.451 20.4072 354.1621 0.0
76 7600 -1173.89 -1982.22 6530.175 20.4072 354.1621 0.0
77 7700 -1139.2 -1985.77 6623.898 20.4072 354.1621 0.0
78 7800 -1104.51 -1989.31 6717.622 20.4072 354.1621 0.0
79 7900 -1069.82 -1992.86 6811.346 20.4072 354.1621 0.0
80 8000 -1035.14 -1996.41 6905.07 20.4072 354.1621 0.0
81 8100 -1000.45 -1999.95 6998.793 20.4072 354.1621 0.0
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N/S ft E/W ft TVD ft <t>° 0° DLS "
KOP 0 0 300 20 50 3

1st Target -1500 -1500 4000 4 4 . 6 3 2 2 2 5 . 8 1 4 4
2nd Target -1000 -2000 7000 2 0 . 4 0 7 3 5 4 . 1 6 2

Figure 25: 3-D S-Shape Well, 1st Target Due SW. 2nd Due NW.

ARTHUR LAKES LIBRARY 
COLORADO SCHOOL Of MINES 
GOLDEN, CO 80401
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Table 14: 3-D S-Shape Well, 1st Target Due SE. ,
2nd Target Due SW.

S t.# MD ft N/S ft E/W ft TVD ft 6° DLS °/100ft
1 300 0 0 300 20 50 3.0
2 400 19.468 26.818 394.337 18.8051 58.2936 3.0
3 500 33.868 54.823 489.238 18.019 67.4708 3.0
4 600 43.161 83.937 584.441 17.6963 77.2081 3.0
5 700 47.322 114.081 679.687 17.8623 87.0288 3.0
6 800 46.34 145.173 774.714 18.5037 96.4312 3.0
7 900 40.216 177.126 869.261 19.5738 105.0334 3.0
8 1000 28.968 209.854 963.07 21.0071 112.6426 3.0
9 1100 12.627 243.266 1055.883 22.735 119.2341 3.0
10 1200 -8.763 277.272 1147.446 24.6956 124.8864 3.0
11 1300 -35.143 311.778 1237.508 26.8377 129.7229 3.0
12 1400 -66.441 346.689 1325.822 29.1213 133.8737 3.0
13 1500 -102.57 381.91 1412.146 31.5155 137.4579 3.0
14 1600 -143.433 417.343 1496.244 33.9967 140.5769 3.0
15 1700 -187.772 452.877 1578.531 34.7337 141.4112 0.0
42 4400 -1390.22 1412.396 3797.416 34.7337 141.4112 0.0
43 4500 -1434.75 1447.934 3879.597 34.7337 141.4112 0.0
44 4600 -1479.29 1483.471 3961.778 34.7337 141.4112 0.0
45 4700 -1522.99 1518.816 4044.478 32.7528 139.9551 4.0
46 4800 -1561.43 1552.892 4130.25 29.1026 136.7667 4.0
47 4900 -1593.81 1585.393 4219.086 25.5471 132.7657 4.0
48 5000 -1619.95 1616.16 4310.55 22.1324 127.5976 4.0
49 5100 -1639.74 1645.045 4404.198 18.9349 120.722 4.0
50 5200 -1653.08 1671.906 4499.574 16.0851 111.3534 4.0
51 5300 -1659.9 1696.612 4596.213 13.8001 98.5594 4.0
52 5400 -1660.17 1719.043 4693.643 12.3966 81.9527 4.0
53 5500 -1653.89 1739.09 4791.391 12.1831 63.1058 4.0
54 5600 -1641.1 1756.655 4888.98 13.2176 45.4499 4.0
55 5700 -1621.84 1771.652 4985.935 15.2479 31.3639 4.0
56 5800 -1596.22 1784.009 5081.783 17.9391 20.955 4.0
57 5900 -1566.75 1794.719 5176.74 18.2943 19.9108 0.0
75 7700 -1035.51 1987.138 6885.763 18.2943 19.9108 0.0
76 7800 -1006 1997.828 6980.708 18.2943 19.9108 0.0
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1
II

N/S ft E/W ft TVD ft <t>° 0° DLS
KOP 0 0 300 20 50 3

1st Target -1500 1500 4000 3 4 . 7 3 4 1 4 1 . 4 1 1 4
2nd Target -2000 1000 7000 1 8 . 2 9 4 1 9 . 9 1 2

Figure 26: 3-D S-Shape Well, 1st Target Due SE. 2nd Due SW.
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Table 15: 3-D Double-Builds Well, 1st Target Due NE.,
2nd Target Due SE.

St.# MD ft N/S ft E/W ft TVD ft <t>° 0° DLS °/100 ft
1 300 0 0 300 10 150 3.0
2 400 -12.782 9.997 398.663 8.8841 132.9342 3.0
3 500 -21.03 22.603 497.51 8.7017 113.2497 3.0
4 600 -24.72 37.785 596.271 9.5065 94.8905 3.0
5 700 -23.844 55.5 694.674 11.0856 80.5411 3.0
6 800 -18.404 75.7 792.449 13.1632 70.1863 3.0
7 900 -8.413 98.329 889.33 15.5406 62.7749 3.0
8 1000 6.099 123.326 985.049 18.1 57.3494 3.0
9 1100 25.094 150.622 1079.346 20.7743 53.2537 3.0
10 1200 48.52 180.141 1171.961 23.5242 50.0668 3.0
11 1300 76.312 211.804 1262.641 26.326 47.5185 3.0
12 1400 108.393 245.524 1351.136 29.1647 45.4315 3.0
13 1500 144.677 281.207 1437.205 32.0305 43.6866 3.0
14 1600 185.063 318.757 1520.612 34.9166 42.201 3.0
15 1700 228.173 357.518 1602.093 35.4876 41.9334 0.0
44 4600 1480.585 1482.559 3963.395 35.4876 41.9334 0.0
45 4700 1522.816 1521.453 4045.261 33.8888 44.5942 4.0
46 4800 1559.301 1560.862 4129.593 31.1497 50.0224 4.0
47 4900 1589.231 1600.666 4216.286 28.676 56.3331 4.0
48 5000 1612.461 1640.672 4304.919 26.5428 63.6433 4.0
49 5100 1628.877 1680.684 4395.061 24.8384 72.001 4.0
50 5200 1638.399 1720.507 4486.271 23.6561 81.3171 4.0
51 5300 1640.982 1759.949 4578.106 23.0765 91.3076 4.0
52 5400 1636.612 1798.815 4670.118 23.1452 101.5083 4.0
53 5500 1625.311 1836.918 4761.859 23.8564 111.3908 4.0
54 5600 1607.133 1874.071 4852.882 25.1557 120.5224 4.0
55 5700 1582.169 1910.094 4942.744 26.9578 128.6621 4.0
56 5800 1550.538 1944.81 5031.005 29.1694 135.7554 4.0
57 5900 1512.395 1978.052 5117.238 31.7045 141.8701 4.0
58 6000 1467.926 2009.656 5201.021 34.4912 147.1305 4.0
59 6100 1417.348 2039.469 5281.947 37.473 151.6728 4.0
60 6200 1360.906 2067.346 5359.621 40.6062 155.6239 4.0
61 6300 1298.877 2093.151 5433.664 43.8576 159.0926 4.0
62 6400 1231.562 2116.758 5503.716 47.2022 162.169 4.0
63 6500 1159.289 2138.051 5569.437 50.6206 164.9263 4.0



T-4708 84

Table 15 ( Continued )

S t.# MD ft N/S ft E/W ft TVD ft <t>° 0° DLS °/100ft
64 6600 1082.41 2156.928 5630.504 54.098 167.4239 4.0
65 6700 1001.3 2173.297 5686.621 57.6227 169.7097 4.0
66 6800 916.354 2187.077 5737.515 61.1856 171.8228 0.0
67 6900 828.555 2198.687 5783.948 62.6197 172.6271 0.0
93 9500 -1461.09 2494.964 6979.677 62.6197 172.6271 0.0

y
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i
I?

N/S ft E/W ft TVD ft <t>° 0° DLS
KOP 0 0 300 10 150 3

1st Target 1500 1500 4000 3 5 . 4 8 8 4 1 . 9 3 3 4
2nd Target -1500 2500 7000 62. 6 2 0 1 7 2 .  6 2 7

Figure 27: 3-D Double-Builds Well, 1st Target Due NE,
2nd Target Due SE.
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Table 16: 3-D Double-Builds Well, 1st Target Due NE.,
2nd Target Due SW.

St.# MD ft N/S ft E/W ft TVD ft <t>° 0° DLS 7100 ft
1 300 0 0 300 10 150 3.0
2 400 -12.782 9.997 398.663 8.8841 132.9342 3.0
3 500 -21.03 22.603 497.51 8.7017 113.2497 3.0
4 600 -24.72 37.785 596.271 9.5065 94.8905 3.0
5 700 -23.844 55.5 694.674 11.0856 80.5411 3.0
6 800 -18.404 75.7 792.449 13.1632 70.1863 3.0
7 900 -8.413 98.329 889.33 15.5406 62.7749 3.0
8 1000 6.099 123.326 985.049 18.1 57.3494 3.0
9 1100 25.094 150.622 1079.346 20.7743 53.2537 3.0
10 1200 48.52 180.141 1171.961 23.5242 50.0668 3.0
11 1300 76.312 211.804 1262.641 26.326 47.5185 3.0
12 1400 108.393 245.524 1351.136 29.1647 45.4315 3.0
13 1500 144.677 281.207 1437.205 32.0305 43.6866 3.0
14 1600 185.063 318.757 1520.612 34.9166 42.201 3.0
15 1700 228.173 357.518 1602.093 35.4876 41.9334 0.0
42 4400 1394.212 1404.97 3800.546 35.4876 41.9334 0.0
43 4500 1437.398 1443.765 3881.97 35.4876 41.9334 0.0
44 4600 1480.585 1482.559 3963.395 35.4876 41.9334 0.0
45 4700 1523.252 1520.65 4045.413 33.3185 41.2645 4.0
46 4800 1562.756 1554.493 4130.795 29.3887 39.8277 4.0
47 4900 1598.565 1583.46 4219.534 25.4786 37.9928 4.0
48 5000 1630.504 1607.41 4311.197 21.5989 35.5465 4.0
49 5100 1658.418 1626.226 4405.339 17.7697 32.0972 4.0
50 5200 1682.17 1639.816 4501.501 14.0324 26.8566 4.0
51 5300 1701.646 1648.116 4599.213 10.4858 18.0459 4.0
52 5400 1716.75 1651.083 4698.001 7.4089 1.3069 4.0
53 5500 1727.409 1648.703 4797.383 5.6332 329.0317 4.0
54 5600 1733.57 1640.989 4896.874 6.3618 290.6114 4.0
55 5700 1735.204 1627.977 4995.99 9.0062 267.6777 4.0
56 5800 1732.302 1609.732 5094.248 12.3955 256.0738 4.0
57 5900 1724.88 1586.341 5191.169 16.065 249.5402 4.0
58 6000 1712.972 1557.92 5286.281 19.8599 245.4173 4.0
59 6100 1696.637 1524.605 5379.121 23.7201 242.5823 4.0
60 6200 1675.955 1486.561 5469.237 27.6182 240.5052 4.0
61 6300 1651.027 1443.971 5556.188 31.54 238.908 4.0
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Table 16 ( Continued )

St.# MD f t N/S f t E/W f t TVD f t 4>0 0° DLS °/100 f t
62 6400 1621.973 1397.044 5639.553 35.4777 237.6323 4.0
63 6500 1588.935 1346.009 5718.925 39.4265 236.5816 4.0
64 6600 1552.075 1291.112 5793.916 43.3833 235.6938 4.0
65 6700 1511.572 1232.624 5864.162 47.346 234.9272 4.0
66 6800 1467.622 1170.827 5929.32 51.3131 234.2525 4.0
67 6900 1420.442 1106.024 5989.073 55.2838 233.649 4.0
68 7000 1370.259 1038.529 6043.13 59.2571 233.1008 4.0
69 7100 1317.319 968.673 6091.228 63.2326 232.5961 4.0
70 7200 1261.879 896.794 6133.131 67.2098 232.1256 4.0
71 7300 1204.211 823.244 6168.636 71.1882 231.6819 4.0
72 7400 1144.594 748.381 6197.571 75.1676 231.2586 4.0
73 7500 1083.319 672.569 6219.793 79.1478 230.8507 4.0
110 11200 -1211.57 -2145.79 6912.891 79.2034 230.8451 0.0
111 11300 -1273.6 -2221.96 6931.623 79.2034 230.8451 0.0
112 11400 -1335.62 -2298.13 6950.355 79.2034 230.8451 0.0
113 11500 -1397.65 -2374.3 6969.087 79.2034 230.8451 0.0
114 11600 -1459.67 -2450.47 6987.82 79.2034 230.8451 0.0
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X̂ x

N/S ft E/W ft TVD ft <t>° 0° DLS
KOP 0 0 300 10 150 3

1st Target 1500 1500 4000 3 5 . 4 8 8 4 1 . 9 3 3 4
2nd Target -1500 -2500 7000 7 9 . 2 0 3 2 3 0 . 8 4 5

Figure 28: 3-D Double-Builds Well, 1st Target Due NE,
2nd Target Due SW.
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Table 17: 3-D Double-Builds Well, 1st Target Due SE.,
2nd Target Due NW.

St.# MD ft N/S ft E/W ft TVD ft <i>0 0° DLS 7100 ft
1 300 0 0 300 10 150 3.0
2 400 -16.62 10.716 398.014 12.834 144.9889 3.0
3 500 -36.37 25.477 494.914 15.7289 141.7813 3.0
4 600 -59.196 44.243 590.437 18.6563 139.5547 3.0
5 700 -85.036 66.962 684.319 21.6031 137.9154 3.0
6 800 -113.819 93.572 776.303 24.5622 136.6539 3.0
7 900 -145.467 124.001 866.138 27.5297 135.6491 3.0
8 1000 -179.892 158.164 953.576 30.5031 134.8263 3.0

42 4400 -1433.25 1432.144 3845.99 31.7183 134.5308 0.0
43 4500 -1470.12 1469.623 3931.055 31.7183 134.5308 0.0
44 4600 -1506.92 1507.016 4016.184 30.9654 134.6992 4.0
45 4700 -1541.28 1541.16 4103.645 26.9964 135.7278 4.0
46 4800 -1571.88 1570.34 4194.246 23.0373 137.0801 4.0
47 4900 -1598.55 1594.414 4287.546 19.0941 138.9569 4.0
48 5000 -1621.18 1613.265 4383.089 15.1793 141.7625 4.0
49 5100 -1639.65 1626.8 4480.412 11.3225 146.4403 4.0
50 5200 -1653.87 1634.954 4579.038 7.6123 155.7167 4.0
51 5300 -1663.78 1637.687 4678.488 4.4337 179.8829 4.0
52 5400 -1669.32 1634.985 4778.277 3.6509 238.2735 4.0
53 5500 -1670.47 1626.863 4877.92 6.242 275.54 4.0
54 5600 -1667.23 1613.359 4976.93 9.8263 288.598 4.0
55 5700 -1659.6 1594.539 5074.826 13.6423 294.5764 4.0
56 5800 -1647.62 1570.495 5171.13 17.5393 297.9579 4.0
57 5900 -1631.36 1541.344 5265.373 21.4733 300.1358 4.0
58 6000 -1610.89 1507.229 5357.096 25.4271 301.6643 4.0
59 6100 -1586.32 1468.315 5445.853 29.3927 302.8043 4.0
60 6200 -1557.76 1424.791 5531.21 33.3659 303.6942 4.0
61 6300 -1525.35 1376.871 5612.752 37.3442 304.4142 4.0
62 6400 -1489.25 1324.786 5690.083 41.3261 305.0139 4.0
63 6500 -1449.63 1268.793 5762.823 45.3107 305.5256 4.0
64 6600 -1406.69 1209.162 5830.621 49.2973 305.9713 4.0
65 6700 -1360.65 1146.184 5893.144 53.2854 306.3665 4.0
66 6800 -1311.71 1080.167 5950.089 57.2747 306.7227 4.0
67 6900 -1260.12 1011.431 6001.179 61.2649 307.0484 4.0
68 7000 -1206.13 940.313 6046.164 65.2558 307.35 4.0
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Table 17 ( Continued )

St.# MD ft N/S ft E/W ft TVD ft 4>° 6° DLS °/100 ft
69 7100 -1150.01 867.157 6084.825 69.2473 307.6329 4.0
70 7200 -1092.03 792.322 6116.973 73.2392 307.9011 4.0
71 7300 -1032.47 716.17 6142.453 77.2315 308.1584 4.0
72 7400 -971.951 639.296 6163.141 78.171 308.2176 0.0
73 7500 -911.399 562.398 6183.641 78.171 308.2176 0.0
95 9700 420.733 -1129.37 6634.623 78.171 308.2176 0.0
96 9800 481.285 -1206.27 6655.122 78.171 308.2176 0.0
97 9900 541.836 -1283.16 6675.622 78.171 308.2176 0.0
98 10000 602.388 -1360.06 6696.121 78.171 308.2176 0.0
99 10100 662.939 -1436.96 6716.62 78.171 308.2176 0.0
100 10200 723.491 -1513.86 6737.119 78.171 308.2176 0.0
101 10300 784.042 -1590.76 6757.618 78.171 308.2176 0.0
102 10400 844.594 -1667.66 6778.118 78.171 308.2176 0.0
103 10500 905.145 -1744.55 6798.617 78.171 308.2176 0.0
104 10600 965.696 -1821.45 6819.116 78.171 308.2176 0.0
105 10700 1026.248 -1898.35 6839.615 78.171 308.2176 0.0
106 10800 1086.799 -1975.25 6860.114 78.171 308.2176 0.0
107 10900 1147.351 -2052.15 6880.614 78.171 308.2176 0.0
108 11000 1207.902 -2129.05 6901.113 78.171 308.2176 0.0
109 11100 1268.454 -2205.94 6921.612 78.171 308.2176 0.0
110 11200 1329.005 -2282.84 6942.111 78.171 308.2176 0.0
111 11300 1389.557 -2359.74 6962.61 78.171 308.2176 0.0
112 11400 1450.108 -2436.64 6983.109 78.171 308.2176 0.0
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N/S ft E/W ft TVD ft 0° DLS
KOP 0 0 300 10 150 3

1st Target -1500 1500 4000 3 1 .  7 1 8 1 3 4 . 5 3 1 4
2nd Target 1500 -2500 7000 7 8 . 1 7 1 3 0 8 . 2 1 8

Figure 29: 3-D Double-Builds Well 1st Target Due SE,
2nd Target Due NW.
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Table 18: 3-D Double-Builds Well, 1st Target Due SE.,
2nd Target Due SW.

St.# MD ft N/S ft E/W ft TVD ft <t>° 0° DLS 7100 ft
1 300 0 0 300 10 150 3.0
2 400 -16.62 10.716 398.014 12.834 144.9889 3.0
3 500 -36.37 25.477 494.914 15.7289 141.7813 3.0
4 600 -59.196 44.243 590.437 18.6563 139.5547 3.0
5 700 -85.036 66.962 684.319 21.6031 137.9154 3.0
6 800 -113.819 93.572 776.303 24.5622 136.6539 3.0
7 900 -145.467 124.001 866.138 27.5297 135.6491 3.0
8 1000 -179.892 158.164 953.576 30.5031 134.8263 3.0

41 4300 -1396.38 1394.665 3760.926 31.7183 134.5308 0.0
42 4400 -1433.25 1432.144 3845.99 31.7183 134.5308 0.0
43 4500 -1470.12 1469.623 3931.055 31.7183 134.5308 0.0
44 4600 -1507 1506.986 4016.164 31.1953 135.5822 4.0
45 4700 -1544.29 1539.961 4102.872 28.5924 141.6838 4.0
46 4800 -1582.04 1566.281 4191.631 26.3101 148.819 4.0
47 4900 -1620.06 1585.819 4282.008 24.4389 157.0799 4.0
48 5000 -1658.19 1598.48 4373.564 23.0794 166.4295 4.0
49 5100 -1696.21 1604.201 4465.852 22.3257 176.6207 4.0
50 5200 -1733.97 1602.955 4558.421 22.2394 187.18 4.0
51 5300 -1771.26 1594.747 4650.823 22.8283 197.5167 4.0
52 5400 -1807.9 1579.619 4742.606 24.0427 207.1119 4.0
53 5500 -1843.73 1557.643 4833.323 25.7941 215.6588 4.0
54 5600 -1878.55 1528.927 4922.533 27.9815 223.0737 4.0
55 5700 -1912.22 1493.61 5009.8 30.511 229.424 4.0
56 5800 -1944.55 1451.864 5094.699 33.3042 234.8473 4.0
57 5900 -1975.39 1403.894 5176.817 36.2997 239.4964 4.0
58 6000 -2004.6 1349.932 5255.754 39.451 243.5128 4.0
59 6100 -2032.03 1290.242 5331.126 42.7229 247.0167 4.0
60 6200 -2057.54 1225.115 5402.564 46.089 250.1068 4.0
61 6300 -2081.01 1154.866 5469.721 49.5294 252.8623 4.0
62 6400 -2102.33 1079.84 5532.27 53.0289 255.3469 4.0
63 6500 -2121.4 1000.401 5589.906 56.5755 257.6114 4.0
64 6600 -2138.12 916.937 5642.348 60.16 259.6971 4.0
65 6700 -2152.4 829.854 5689.341 63.775 261.6375 4.0
66 6800 -2164.19 739.576 5730.656 67.4145 263.4604 4.0
67 6900 -2173.95 647.061 5767.333 68.714 264.085 0.0
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Table 18 ( Continued )

S t.# MD ft N/S ft E/W ft TVD ft 4>° 6° DLS °/100 ft
68 7000 -2183.56 554.379 5803.636 68.714 264.085 0.0
89 9100 -2385.2 -1391.94 6565.986 68.714 264.085 0.0
90 9200 -2394.8 -1484.62 6602.289 68.714 264.085 0.0
91 9300 -2404.41 -1577.31 6638.591 68.714 264.085 0.0
92 9400 -2414.01 -1669.99 6674.894 68.714 264.085 0.0
93 9500 -2423.61 -1762.67 6711.196 68.714 264.085 0.0
94 9600 -2433.21 -1855.35 6747.499 68.714 264.085 0.0
95 9700 -2442.81 -1948.03 6783.801 68.714 264.085 0.0
96 9800 -2452.42 -2040.71 6820.103 68.714 264.085 0.0
97 9900 -2462.02 -2133.4 6856.406 68.714 264.085 0.0
98 10000 -2471.62 -2226.08 6892.708 68.714 264.085 0.0
99 10100 -2481.22 -2318.76 6929.01 68.714 264.085 0.0
100 10200 -2490.83 -2411.44 6965.313 68.714 264.085 0.0
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N/S ft E/W ft TVD ft r 0° DLS
KOP 0 0 300 10 150 3

1st Target -1500 1500 4000 3 1 .  7 1 8 1 3 4 . 5 3 1 4
2nd Target -2500 -2500 7000 68. 7 1 4 2 6 4 . 0 8 5

Figure 30: 3-D Double-Builds Well, 1st Target Due SE,
2nd Target Due SW.
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Table 19: 3-D Double-Builds Well, 1st Target Due SW. ,
2nd Target Due NE.

St.# MD ft N/S ft E/W ft TVD ft r 0° DLS °/100 ft
1 300 0 0 300 10 150 3.0
2 400 -16.228 6.351 398.458 10.2923 167.0112 3.0
3 500 -34.804 8.028 496.692 11.3877 181.9207 3.0
4 600 -55.677 5.028 594.431 13.0861 193.6354 3.0
5 700 -78.79 -2.642 691.409 15.1864 202.4384 3.0
6 800 -104.08 -14.961 787.359 17.5448 209.0388 3.0
7 900 -131.477 -31.894 882.018 20.0706 214.0724 3.0
8 1000 -160.907 -53.396 975.127 22.7078 218.0012 3.0
9 1100 -192.288 -79.407 1066.431 25.4219 221.141 3.0
10 1200 -225.535 -109.856 1155.679 28.1905 223.7064 3.0
11 1300 -260.556 -144.66 1242.627 30.9989 225.8445 3.0
12 1400 -297.254 -183.718 1327.039 33.7058 227.5805 0.0
42 4400 -1420.24 -1412.71 3822.735 33.7058 227.5805 0.0
43 4500 -1457.67 -1453.67 3905.925 33.7058 227.5805 0.0
44 4600 -1495.1 -1494.64 3989.115 33.7058 227.5805 0.0
45 4700 -1530.96 -1534.04 4073.722 30.2322 227.8561 4.0
46 4800 -1562.58 -1569.21 4161.806 26.2366 228.2544 4.0
47 4900 -1589.78 -1599.95 4252.971 22.2425 228.7842 4.0
48 5000 -1612.42 -1626.11 4346.773 18.2508 229.5321 4.0
49 5100 -1630.4 -1647.56 4442.756 14.2636 230.6812 4.0
50 5200 -1643.62 -1664.2 4540.451 10.286 232.6968 4.0
51 5300 -1652.02 -1675.95 4639.382 6.3363 237.2003 4.0
52 5400 -1655.57 -1682.74 4739.067 2.5476 255.5872 4.0
53 5500 -1654.24 -1684.55 4839.022 2.1969 10.3369 4.0
54 5600 -1648.03 -1681.37 4938.758 5.9293 33.3386 4.0
55 5700 -1636.99 -1673.21 5037.791 9.8733 38.3502 4.0
56 5800 -1621.16 -1660.11 5135.636 13.8493 40.5107 4.0
57 5900 -1600.62 -1642.13 5231.818 17.8359 41.72 4.0
58 6000 -1575.47 -1619.37 5325.869 21.8272 42.4986 4.0
59 6100 -1545.84 -1591.94 5417.33 25.8211 43.046 4.0
60 6200 -1511.86 -1559.96 5505.754 29.8166 43.4554 4.0
61 6300 -1473.71 -1523.6 5590.713 33.813 43.7758 4.0
62 6400 -1431.57 -1483.02 5671.791 37.8102 44.0357 4.0
63 6500 -1385.64 -1438.44 5748.594 41.8078 44.2526 4.0
64 6600 -1336.15 -1390.06 5820.748 45.8057 44.4381 4.0
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Table 19 ( Continued )

S t.# MD ft N/S ft E/W ft TVD ft <t)° 0° DLS °/100ft
65 6700 -1283.33 -1338.12 5887.9 49.8039 44.6 4.0
66 6800 -1227.46 -1282.88 5949.724 53.8023 44.7438 4.0
67 6900 -1168.79 -1224.6 6005.918 57.8009 44.8737 4.0
68 7000 -1107.62 -1163.57 6056.21 61.7995 44.9926 4.0
69 7100 -1044.24 -1100.08 6100.354 65.7983 45.1029 4.0
70 7200 -978.966 -1034.45 6138.134 69.7972 45.2064 4.0
71 7300 -912.109 -966.995 6169.366 73.7961 45.3048 4.0
111 11300 1853.202 1842.74 6844.377 80.4209 45.4597 0.0
112 11400 1922.365 1913.022 6861.019 80.4209 45.4597 0.0
113 11500 1991.529 1983.304 6877.66 80.4209 45.4597 0.0
114 11600 2060.692 2053.586 6894.3 80.4209 45.4597 0.0
115 11700 2129.855 2123.868 6910.941 80.4209 45.4597 0.0
116 11800 2199.018 2194.15 6927.583 80.4209 45.4597 0.0
117 11900 2268.182 2264.432 6944.224 80.4209 45.4597 0.0
118 12000 2337.345 2334.714 6960.864 80.4209 45.4597 0.0
119 12100 2406.508 2404.996 6977.505 80.4209 45.4597 ' 0.0
120 12200 2475.671 2475.278 6994.146 80.4209 45.4597 0.0
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N/S ft E/W ft TVD ft 4>0 0° DLS
KOP 0 0 300 10 150 3

1st Target -1500 -1500 4000 3 3 . 7 0 6 2 2 7 . 5 8 1 4
2nd Target 2500 2500 7000 8 0 . 4 2 1 4 5 . 4 6 0

Figure 31: 3-D Double-Builds Well, 1st Target Due SW,
2nd Target Due NE.
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Table 20: 3-D Double-Builds Well, 1st Target Due SW. ,
2nd Target Due NW.

St.# MD ft N/S ft E/W ft TVD ft <t>° 0° DLS 7100 ft
1 300 0 0 300 10 150 3.0
2 400 -16.228 6.351 398.458 10.2923 167.0112 3.0
3 500 -34.804 8.028 496.692 11.3877 181.9207 3.0
4 600 -55.677 5.028 594.431 13.0861 193.6354 3.0
5 700 -78.79 -2.642 691.409 15.1864 202.4384 3.0
6 800 -104.08 -14.961 787.359 17.5448 209.0388 3.0
7 900 -131.477 -31.894 882.018 20.0706 214.0724 3.0
8 1000 -160.907 -53.396 975.127 22.7078 218.0012 3.0
9 1100 -192.288 -79.407 1066.431 25.4219 221.141 3.0
10 1200 -225.535 -109.856 1155.679 28.1905 223.7064 3.0
11 1300 -260.556 -144.66 1242.627 30.9989 225.8445 3.0
12 1400 -297.254 -183.718 1327.039 33.7058 227.5805 0.0
42 4400 -1420.24 -1412.71 3822.735 33.7058 227.5805 0.0
43 4500 -1457.67 -1453.67 3905.925 33.7058 227.5805 0.0
44 4600 -1495.1 -1494.64 3989.115 33.7058 227.5805 0.0
45 4700 -1530.08 -1535.81 4073.244 31.4611 232.5138 4.0
46 4800 -1558.52 -1577.41 4159.598 29.1463 238.9858 4.0
47 4900 -1580.23 -1619.23 4247.778 27.1886 246.3832 4.0
48 5000 -1595.1 -1661.07 4337.354 25.6701 254.7065 4.0
49 5100 -1603.06 -1702.73 4427.892 24.6727 263.8235 4.0
50 5200 -1604.08 -1744 4518.949 24.2608 273.4398 4.0
51 5300 -1598.14 -1784.69 4610.081 24.4642 283.1337 4.0
52 5400 -1585.27 -1824.6 4700.845 25.268 292.4619 4.0
53 5500 -1565.54 -1863.52 4790.798 26.6176 301.0784 4.0
54 5600 -1539.05 -1901.28 4879.503 28.4352 308.7968 4.0
55 5700 -1505.92 -1937.68 4966.527 30.6372 315.5781 4.0
56 5800 -1466.32 -1972.56 5051.445 33.1465 321.4802 4.0
57 5900 -1420.43 -2005.73 5133.846 35.8982 326.6076 4.0
58 6000 -1368.49 -2037.05 5213.326 38.8402 331.0764 4.0
69 6100 -1310.74 -2066.35 5289.499 41.9317 334.9967 4.0
60 6200 -1247.46 -2093.49 5361.994 45.1413 338.4645 4.0
61 6300 -1178.97 -2118.35 5430.457 48.4447 341.5609 4.0
62 6400 -1105.6 -2140.79 5494.555 51.8229 344.3528 4.0
63 6500 -1027.7 -2160.72 5553.975 55.2614 346.8949 4.0
64 6600 -945.657 -2178.02 5608.429 58.7484 349.2323 4.0



T-4708 99

Table 20 ( Continued )

S t.# MD ft N/S ft E/W ft TVD ft <t>° 6° DLS °/100ft
65 6700 -859.868 -2192.63 5657.65 62.2747 351.4022 4.0
66 6800 -770.751 -2204.47 5701.4 65.8327 353.4354 4.0
67 6900 -678.832 -2213.58 5739.675 68.4522 354.8514 0.0
68 7000 -586.196 -2221.93 5776.403 68.4522 354.8514 0.0
89 9100 1359.157 -2397.21 6547.686 68.4522 354.8514 0.0
90 9200 1451.793 -2405.55 6584.413 68.4522 354.8514 0.0
91 9300 1544.429 -2413.9 6621.141 68.4522 354.8514 0.0
92 9400 1637.065 -2422.25 6657.869 68.4522 354.8514 0.0
93 9500 1729.701 -2430.59 6694.596 68.4522 354.8514 0.0
94 9600 1822.337 -2438.94 6731.324 68.4522 354.8514 0.0
95 9700 1914.973 -2447.29 6768.052 68.4522 354.8514 0.0
96 9800 2007.609 -2455.63 6804.779 68.4522 354.8514 0.0
97 9900 2100.245 -2463.98 6841.507 68.4522 354.8514 0.0
98 10000 2192.88 -2472.33 6878.235 68.4522 354.8514 0.0
99 10100 2285.516 -2480.68 6914.963 68.4522 354.8514 0.0
100 10200 2378.152 -2489.02 6951.69 68.4522 354.8514 0.0
101 10300 2470.788 -2497.37 6988.418 68.4522 354.8514 0.0
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N/S ft E/W ft TVD ft 4>0 9° DLS
KOP 0 0 300 10 150 3

1st Target -1500 -1500 4000 3 3 . 7 0 6 2 2 7 . 5 8 1 4
2nd Target -2500 2500 7000 6 8 . 4 5 2 3 5 4 . 8 5 1

Figure 32: 3-D Double-Builds Well, 1st Target Due SW,
2nd Target Due NW.
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Table 21: 3-D Double-Builds Well, 1st Target Due NW. ,
2nd Target Due SE.

St.# MD ft N/S ft E/W ft TVD ft r 0° DLS °/100ft
1 300 0 0 300 10 150 3.0
2 400 -13.11 6.958 398.881 7.0876 154.9179 3.0
3 500 -22.34 10.456 498.381 4.2967 166.3786 3.0
4 600 -27.666 10.485 598.228 2.1636 206.8735 3.0
5 700 -29.072 7.045 698.147 2.9822 276.1275 3.0
6 800 -26.556 0.144 797.866 5.5766 297.4314 3.0
7 900 -20.123 -10.197 897.11 8.4437 304.8274 3.0
8 1000 -9.791 -23.952 995.607 11.3792 308.4625 3.0
9 1100 4.41 -41.081 1093.089 14.3412 310.6165 3.0
10 1200 22.443 -61.539 1189.286 17.316 312.0441 3.0
11 1300 44.258 -85.268 1283.937 20.2981 313.0634 3.0
12 1400 69.795 -112.205 1376.781 23.2846 313.8309 3.0
13 1500 98.985 -142.275 1467.564 26.274 314.4324 3.0
14 1600 131.746 -175.395 1556.036 29.2654 314.9187 3.0
15 1700 167.99 -211.476 1641.957 32.2583 315.3221 3.0
16 1800 207.616 -250.417 1725.089 35.2523 315.6637 3.0
17 1900 250.517 -292.113 1805.206 38.2472 315.9582 3.0
18 2000 295.147 -335.257 1883.608 38.3728 315.9697 0.0
42 4400 1366.317 -1370.77 3765.179 38.3728 315.9697 0.0
43 4500 1410.95 -1413.91 3843.578 38.3728 315.9697 0.0
44 4600 1455.582 -1457.06 3921.977 38.3728 315.9697 0.0
45 4700 1500.214 -1500.21 4000.375 38.3537 315.9699 4.0
46 4800 1542.861 -1541.36 4080.896 34.3542 316.0776 4.0
47 4900 1581.44 -1578.43 4165.354 30.3548 316.2098 4.0
48 5000 1615.762 -1611.25 4253.339 26.3556 316.3779 4.0
49 5100 1645.662 -1639.64 4344.42 22.3567 316.6013 4.0
50 5200 1670.992 -1663.47 4438.155 18.3582 316.916 4.0
51 5300 1691.63 -1682.63 4534.087 14.3604 317.3988 4.0
52 5400 1707.475 -1697.02 4631.749 10.3644 318.244 4.0
53 5500 1718.45 -1706.57 4730.664 6.3734 320.1326 4.0
54 5600 1724.502 -1711.24 4830.352 2.4119 328.2323 4.0
55 5700 1725.6 -1711 4930.325 1.736 117.146 4.0
56 5800 1721.74 -1705.85 5030.097 5.6753 129.8385 4.0
57 5900 1712.94 -1695.83 5129.183 9.6646 132.1106 4.0
58 6000 1699.243 -1680.97 5227.099 13.6601 133.0618 4.0
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Table 21 ( Continued )

St.# MD ft N/S ft E/W ft TVD ft ♦° 0° DLS °/100 ft
59 6100 1680.717 -1661.35 5323.368 17.6576 133.5882 4.0
60 6200 1657.45 -1637.06 5417.521 21.656 133.9251 4.0
61 6300 1629.558 -1608.23 5509.1 25.6549 134.1611 4.0
62 6400 1597.174 -1574.99 5597.659 29.654 134.3372 4.0
63 6500 1560.458 -1537.51 5682.765 33.6534 134.4747 4.0
64 6600 1519.588 -1495.97 5764.004 37.6529 134.5861 4.0
65 6700 1474.764 -1450.57 5840.981 41.6524 134.679 4.0
66 6800 1426.202 -1401.53 5913.321 45.652 134.7583 4.0
67 6900 1374.141 -1349.1 5980.671 49.6517 134.8275 4.0
68 7000 1318.834 -1293.52 6042.703 53.6514 134.889 4.0
69 7100 1260.551 -1235.06 6099.114 57.6512 134.9444 4.0
70 7200 1199.574 -1174.02 6149.63 61.6509 134.9951 4.0
71 7300 1136.202 -1110.69 6194.005 65.6507 135.0422 4.0
72 7400 1070.743 -1045.38 6232.023 69.6505 135.0863 4.0
73 7500 1003.515 -978.405 6263.499 73.6503 135.1282 4.0
74 7600 934.847 -910.092 6288.277 77.6501 135.1685 4.0
75 7700 865.074 -840.775 6306.24 81.6499 135.2075 4.0
76 7800 794.855 -771.063 6320.717 81.6763 135.2077 0.0
116 11800 -2013.91 2017.415 6899.784 81.6763 135.2077 0.0
117 11900 -2084.12 2087.127 6914.261 81.6763 135.2077 0.0
118 12000 -2154.34 2156.839 6928.738 81.6763 135.2077 0.0
119 12100 -2224.56 2226.551 6943.214 81.6763 135.2077 0.0
120 12200 -2294.78 2296.263 6957.691 81.6763 135.2077 0.0
121 12300 -2365 2365.975 6972.167 81.6763 135.2077 0.0
122 12400 -2435.22 2435.687 6986.645 81.6763 135.2077 0.0
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N/S ft E/W ft TVD ft <b° e ° DLS
KOP 0 0 300 10 150 3

1st Target 1500 -1500 4000 3 8 . 3 7 3 3 1 5 . 9 7 0 4
2nd Target -2500 2500 7000 8 1 . 6 7 6 1 3 5 . 2 0 8

Figure 33: 3-D Double-Builds Well, 1st Target Due NW,
2nd Target Due SE.
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Table 22: 3-D Double-Builds Well, 1st Target Due NW. ,
2nd Target Due SW.

St.# MD ft N/S ft E/W ft TVD ft <t>° 0° DLS °/100 ft
1 300 0 0 300 10 150 3.0
2 400 -13.11 6.958 398.881 7.0876 154.9179 3.0
3 500 -22.34 10.456 498.381 4.2967 166.3786 3.0
4 600 -27.666 10.485 598.228 2.1636 206.8735 3.0
5 700 -29.072 7.045 698.147 2.9822 276.1275 3.0
6 800 -26.556 0.144 797.866 5.5766 297.4314 3.0
7 900 -20.123 -10.197 897.11 8.4437 304.8274 3.0
8 1000 -9.791 -23.952 995.607 11.3792 308.4625 3.0
9 1100 4.41 -41.081 1093.089 14.3412 310.6165 3.0
10 1200 22.443 -61.539 1189.286 17.316 312.0441 3.0
11 1300 44.258 -85.268 1283.937 20.2981 313.0634 3.0
12 1400 69.795 -112.205 1376.781 23.2846 313.8309 3.0
13 1500 98.985 -142.275 1467.564 26.274 314.4324 3.0
14 1600 131.746 -175.395 1556.036 29.2654 314.9187 3.0
15 1700 167.99 -211.476 1641.957 32.2583 315.3221 3.0
16 1800 207.616 -250.417 1725.089 35.2523 315.6637 3.0
17 1900 250.517 -292.113 1805.206 38.2472 315.9582 3.0
18 2000 295.147 -335.257 1883.608 38.3728 315.9697 0.0
42 4400 1366.317 -1370.77 3765.179 38.3728 315.9697 0.0
43 4500 1410.95 -1413.91 3843.578 38.3728 315.9697 0.0
44 4600 1455.582 -1457.06 3921.977 38.3728 315.9697 0.0
45 4700 1500.214 -1500.21 4000.375 38.3592 315.9478 4.0
46 4800 1541.677 -1543.72 4080.272 35.596 311.1357 4.0
47 4900 1576.733 -1587.81 4162.872 33.0509 305.6582 4.0
48 5000 1605.212 -1632.27 4247.773 30.7791 299.4249 4.0
49 5100 1626.973 -1676.88 4334.562 28.8458 292.3747 4.0
50 5200 1641.912 -1721.43 4422.815 27.3235 284.5099 4.0
51 5300 1649.956 -1765.69 4512.104 26.2842 275.9363 4.0
52 5400 1651.064 -1809.45 4601.991 25.7867 266.8859 4.0
53 5500 1645.233 -1852.49 4692.041 25.8625 257.6972 4.0
54 5600 1632.49 -1894.61 4781.814 26.5064 248.7426 4.0
55 5700 1612.898 -1935.61 4870.873 27.6789 240.3376 4.0
56 5800 1586.551 -1975.28 4958.783 29.3162 232.6812 4.0
57 5900 1553.579 -2013.42 5045.117 31.3452 225.8484 4.0
58 6000 1514.141 -2049.87 5129.454 33.6946 219.821 4.0
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Table 22 ( Continued )

St.# MD ft N/S ft E/W ft TVD ft 0° DLS °/100 ft
59 6100 1468.431 -2084.42 5211.383 36.3017 214.5273 4.0
60 6200 1416.67 -2116.92 5290.505 39.1144 209.8737 4.0
61 6300 1359.111 -2147.22 5366.435 42.0906 205.7644 4.0
62 6400 1296.034 -2175.15 5438.802 45.1973 202.1114 4.0
63 6500 1227.747 -2200.59 5507.254 48.4084 198.8379 4.0
64 6600 1154.583 -2223.41 5571.458 51.7034 195.8786 4.0
65 6700 1076.896 -2243.5 5631.1 55.0663 193.1791 4.0
66 6800 995.068 -2260.76 5685.891 58.4842 190.6941 4.0
67 6900 909.495 -2275.11 5735.562 61.9467 188.3857 4.0
68 7000 820.595 -2286.48 5779.873 65.4453 186.2222 4.0
69 7100 728.8 -2294.81 5818.607 68.9732 184.1768 4.0 *
70 7200 635.142 -2300.88 5853.119 69.944 183.6339 0.0
92 9400 -1427.29 -2431.87 6607.586 69.944 183.6339 0.0
93 9500 -1521.04 -2437.82 6641.88 69.944 183.6339 0.0
94 9600 -1614.78 -2443.78 6676.174 69.944 183.6339 0.0
95 9700 -1708.53 -2449.73 6710.468 69.944 183.6339 0.0
96 9800 -1802.28 -2455.69 6744.762 69.944 183.6339 0.0
97 9900 -1896.02 -2461.64 6779.056 69.944 183.6339 0.0
98 10000 -1989.77 -2467.59 6813.35 69.944 183.6339 0.0
99 10100 -2083.52 -2473.55 6847.644 69.944 183.6339 0.0
100 10200 -2177.26 -2479.5 6881.938 69.944 183.6339 0.0
101 10300 -2271.01 -2485.46 6916.232 69.944 183.6339 0.0
102 10400 -2364.76 -2491.41 6950.526 69.944 183.6339 0.0
103 10500 -2458.5 -2497.37 6984.82 69.944 183.6339 0.0
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N/S ft E/W ft TVD ft *° 6° DLS
KOP 0 0 300 10 150 3

1st Target 1500 -1500 4000 3 8 . 2 4 7 3 1 5 . 9 7 0 4
2nd Target -2500 -2500 7000 6 9 . 9 4 4 1 8 3 . 6 3 4

Figure 34: 3-D Double-Builds Well, 1st Target Due NW,

2nd Due Target SW.
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Table 23: 3-D Inverted Well, 1st Target Due NE.,
2nd Target Due NW.

St.# MD ft N/S ft E/W ft TVD ft r 6° DLS °/100 ft
1 300 0 0 300 15 225 3.0
2 400 -16.505 -16.505 397.226 12 224.9997 3.0
3 500 -29.39 -29.39 495.54 9 224.9996 3.0
4 600 -38.618 -38.618 594.673 6 224.9995 3.0
5 700 -44.166 -44.165 694.354 3 224.9992 3.0
6 800 -46.017 -46.016 794.308 0.0098 137.7689 3.0
7 900 -44.166 -44.165 894.262 3 45.0006 3.0
8 1000 -38.619 -38.618 993.943 6 45.0003 3.0
9 1100 -29.39 -29.389 1093.076 9 45.0002 3.0
10 1200 -16.506 -16.505 1191.39 12 45.0001 3.0
11 1300 0 0 1288.616 15 45.0001 3.0
12 1400 20.08 20.081 1384.487 18 45.0001 3.0
13 1500 43.681 43.682 1478.74 21 45.0001 3.0
14 1600 70.738 70.739 1571.118 24 45 3.0
15 1700 101.176 101.177 1661.366 27 45 3.0
16 1800 134.912 134.913 1749.238 30 45 3.0
17 1900 171.854 171.855 1834.492 33 45 3.0
18 2000 211.901 211.902 1916.895 36 45 3.0
19 2100 254.942 254.943 1996.222 39 45 3.0
20 2200 300.793 300.793 2072.337 41.341 45 0.0
43 4500 1375.056 1375.057 3799.16 41.341 45 0.0
44 4600 1421.764 1421.764 3874.239 41.341 45 0.0
45 4700 1468.471 1468.471 3949.318 41.341 45 0.0
46 4800 1515.499 1515.13 4024.224 42.2661 43.6302 4.0
47 4900 1567.159 1561.021 4096.481 45.2074 39.7068 4.0
48 5000 1624.603 1605.731 4165.018 48.2698 36.1714 4.0
49 5100 1687.55 1649.041 4229.499 51.4306 32.9628 4.0
50 5200 1755.695 1690.742 4289.609 54.6715 30.028 4.0
51 5300 1828.705 1730.629 4345.057 57.9778 27.3218 4.0
52 5400 1906.224 1768.508 4395.573 61.3376 24.8058 4.0
53 5500 1987.876 1804.196 4440.909 64.7409 22.4471 4.0
54 5600 2073.261 1837.517 4480.846 68.1797 20.2179 4.0
55 5700 2161.965 1868.309 4515.188 71.647 18.0938 4.0
56 5800 2253.554 1896.424 4543.769 75.1369 16.0536 4.0
57 5900 2347.584 1921.723 4566.449 78.6442 14.0786 4.0
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Table 23 ( Continued )

St.# MD ft N/S ft E/W ft TVD ft <t>° 0° DLS °/100 ft
58 6000 2443.595 1944.083 4583.118 82.1643 12.1517 4.0
59 6100 2541.12 1963.396 4593.694 85.6931 10.2571 4.0
60 6200 2639.683 1979.567 4598.125 89.2265 8.3801 4.0
61 6300 2738.806 1992.517 4596.392 92.7607 6.5063 4.0
62 6400 2838.004 2002.185 4588.5 96.292 4.6212 4.0
63 6500 2936.794 2008.521 4574.491 99.8164 2.7103 4.0
64 6600 3034.695 2011.496 4554.431 103.3299 0.7584 4.0
65 6700 3131.231 2011.095 4528.417 106.828 358.7489 4.0
66 6800 3225.93 2007.319 4496.578 110.3058 356.664 4.0
67 6900 3318.332 2000.189 4459.068 113.7579 354.4836 4.0
68 7000 3407.985 1989.737 4416.069 117.1777 352.1848 4.0
69 7100 3494.455 1976.015 4367.792 120.5576 349.7414 4.0
70 7200 3577.319 1959.09 4314.471 123.8887 347.1228 4.0 *
71 7300 3656.173 1939.044 4256.367 127.1598 344.2932 4.0
72 7400 3730.633 1915.976 4193.761 130.3577 341.2105 4.0
73 7500 3800.337 1889.996 4126.96 133.4657 337.8252 4.0
74 7600 3864.945 1861.233 4056.289 136.4631 334.0797 4.0
75 7700 3924.143 1829.826 3982.092 139.3242 329.9082 4.0
76 7800 3977.641 1795.927 3904.731 142.0171 325.2381 4.0
77 7900 4025.179 1759.703 3824.582 144.5022 319.9947 4.0
78 8000 4066.526 1721.33 3742.036 146.7322 314.1099 4.0
79 8100 4101.48 1680.994 3657.495 148.6517 307.5386 4.0
80 8200 4129.871 1638.892 3571.371 150.1998 300.282 4.0
81 8300 4151.56 1595.23 3484.083 151.3159 292.4129 4.0
82 8400 4166.442 1550.22 3396.057 151.9481 284.0939 4.0
83 8500 4174.445 1504.081 3307.722 152.0631 275.5695 4.0
84 8600 4175.529 1457.038 3219.508 151.6547 267.1267 4.0
85 8700 4169.689 1409.32 3131.845 150.745 259.0353 4.0
86 8800 4156.954 1361.16 3045.159 149.3788 251.4965 4.0
88 9000 4111.078 1264.453 2876.405 145.513 238.4395 4.0
89 9100 4078.161 1216.376 2795.157 143.1332 232.9228 4.0
90 9200 4038.795 1168.798 2716.529 140.5259 228.0108 4.0
91 9300 3993.171 1121.949 2640.901 137.7341 223.6302 4.0
92 9400 3941.511 1076.058 2568.643 134.7929 219.7068 4.0
93 9500 3884.068 1031.348 2500.106 131.7305 216.1713 4.0
94 9600 3821.121 988.037 2435.625 128.5697 212.9627 4.0
95 9700 3752.976 946.337 2375.514 125.3288 210.0279 4.0
96 9800 3679.967 906.45 2320.066 122.0225 207.3217 4.0
97 9900 3602.447 868.57 2269.551 118.6627 204.8057 4.0
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Table 23 ( Continued )

St.# MD ft N/S ft E/W ft TVD ft <J>° 6° DLS °/100 ft
98 10000 3520.796 832.883 2224.214 115.2593 202.4471 4.0
99 10100 3435.41 799.562 2184.277 111.8206 200.2178 4.0
100 10200 3346.707 768.769 2149.934 108.3533 198.0937 4.0
101 10300 3255.117 740.654 2121.353 104.8634 196.0535 4.0
102 10400 3161.088 715.355 2098.673 101.3561 194.0785 4.0
103 10500 3065.077 692.995 2082.004 97.8359 192.1516 4.0
104 10600 2967.552 673.682 2071.428 94.3072 190.257 4.0
105 10700 2869.384 656.057 2064.176 94.1557 190.1763 0.0
106 10800 2771.216 638.436 2056.929 94.1557 190.1763 0.0
107 10900 2673.047 620.814 2049.683 94.1557 190 1763 0.0
108 11000 2574.878 603.193 2042.436 94.1557 190.1763 0.0
109 11100 2476.709 585.571 2035.189 94.1557 190.1763 0.0
110 11200 2378.541 567.949 2027.943 94.1557 190.1763 0.0
111 11300 2280.372 550.328 2020.696 94.1557 190.1763 0.0
112 11400 2182.203 532.706 2013.45 94.1557 190.1763 0.0
113 11500 2084.034 515.084 2006.203 94.1557 190.1763 0.0
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N/S ft E/W ft TVD ft o-e- 0° DLS
KOP 0 0 300 15 225 3

1st Target 1500 1500 4000 4 1 . 3 4 1 45. 0 4

2nd Target 2000 500 2000 9 4 . 1 5 6 1 9 0 . 1 7 6

Figure 35: 3-D Inverted Well, 1st Target Due NE. 2nd Due NW.
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Table 24: 3-D Inverted Well, 1st Target Due NE.,
2nd Target Due SE.

St.# MD ft N/S ft E/W ft TVD ft r 0° DLS °/100 ft
1 300 0 0 300 15 225 3.0
2 400 -16.505 -16.505 397.226 12 224.9997 3.0
3 500 -29.39 -29.39 495.54 9 224.9996 3.0
4 600 -38.618 -38.618 594.673 6 224.9995 3.0
5 700 -44.166 -44.165 694.354 3 224.9992 3.0
6 800 -46.017 -46.016 794.308 0.0098 137.7689 3.0
7 900 -44.166 -44.165 894.262 3 45.0006 3.0
8 1000 -38.619 -38.618 993.943 6 45.0003 3.0
9 1100 -29.39 -29.389 1093.076 9 45.0002 3.0
10 1200 -16.506 -16.505 1191.39 12 45.0001 3.0
11 1300 0 0 1288.616 15 45.0001 3.0
12 1400 20.08 20.081 1384.487 18 45.0001 3.0
13 1500 43.681 43.682 1478.74 21 45.0001 3.0
14 1600 70.738 70.739 1571.118 24 45 3.0
15 1700 101.176 101.177 1661.366 27 45 3.0
16 1800 134.912 134.913 1749.238 30 45 3.0
17 1900 171.854 171.855 1834.492 33 45 3.0
18 2000 211.901 211.902 1916.895 36 45 3.0
19 2100 254.942 254.943 1996.222 39 45 3.0
20 2200 300.793 300.793 2072.337 41.341 45 0.0
43 4500 1375.056 1375.057 3799.16 41.341 45 0.0
44 4600 1421.764 1421.764 3874.239 41.341 45 0.0
45 4700 1468.471 1468.471 3949.318 41.341 45 0.0
46 4800 1514.94 1515.458 4024.368 41.5049 46.949 4.0
47 4900 1557.863 1566.467 4098.876 42.2122 52.8506 4.0
48 5000 1596.023 1622.476 4172.38 43.2128 58.5616 4.0
49 5100 1629.232 1683.212 4244.521 44.4862 64.0367 4.0
50 5200 1657.329 1748.377 4314.948 46.0089 69.2467 4.0
51 5300 1680.177 1817.655 4383.317 47.7559 74.1777 4.0
52 5400 1697.665 1890.709 4449.297 49.7023 78.8284 4.0
53 5500 1709.707 1967.182 4512.564 51.8242 83.2074 4.0
54 5600 1716.246 2046.702 4572.812 54.0993 87.3301 4.0
55 5700 1717.248 2128.882 4629.746 56.5072 91.2159 4.0
56 5800 1712.71 2213.32 4683.089 59.0297 94.8865 4.0
57 5900 1702.653 2299.606 4732.581 61.6506 98.3646 4.0
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Table 24 ( Continued )

St.# MD f t N/S f t E/W f t TVD f t 4>° 0° DLS °/100 ft
58 6000 1687.126 2387.32 4777.981 64.3554 101.6726 4.0
59 6100 1666.205 2476.033 4819.068 67.1313 104.8319 4.0
60 6200 1639.991 2565.315 4855.643 69.9671 107.8634 4.0
61 6300 1608.614 2654.729 4887.525 72.8527 110.7865 4.0
62 6400 1572.225 2743.84 4914.561 75.779 113.6194 4.0
63 6500 1531.001 2832.215 4936.618 78.7378 116.3795 4.0
64 6600 1485.144 2919.422 4953.589 81.7215 119.0831 4.0
65 6700 1434.877 3005.036 4965.391 84.7232 121.7459 4.0
66 6800 1380.445 3088.642 4971.968 87.736 124.383 4.0
67 6900 1322.113 3169.83 4973.286 90.7536 127.0092 4.0
68 7000 1260.165 3248.206 4969.339 93.7697 129.639 4.0
69 7100 1194.902 3323.388 4960.147 96.7777 132.2871 4.0
70 7200 1126.645 3395.01 4945.755 99.7713 134.9684 4.0
71 7300 1055.723 3462.722 4926.232 102.7435 137.6982 4.0
72 7400 982.483 3526.195 4901.674 105.687 140.4926 4.0
73 7500 907.283 3585.119 4872.2 108.5941 143.3683 4.0
74 7600 830.488 3639.208 4837.954 111.456 146.3431 4.0
75 7700 752.471 3688.198 4799.103 114.2632 149.4359 4.0
76 7800 673.615 3731.85 4755.835 117.0052 152.6669 4.0
77 7900 594.302 3769.952 4708.362 119.6697 156.057 4.0
78 8000 514.919 3802.317 4656.916 122.2434 159.6284 4.0
79 8100 435.853 3828.789 4601.746 124.7108 163.4038 4.0
80 8200 357.489 3849.238 4543.122 127.0548 167.4052 4.0
81 8300 280.208 3863.565 4481.328 129.2561 171.6537 4.0
82 8400 204.388 3871.7 4416.667 131.2932 176.1668 4.0
83 8500 129.816 3875.409 4350.146 131.754 177.2877 0.0
84 8600 55.298 3878.939 4283.553 131.754 177.2877 0.0
116 11800 -2329.28 3991.912 2152.569 131.754 177.2877 0.0
117 11900 -2403.79 3995.442 2085.976 131.754 177.2877 0.0
118 12000 -2478.31 3998.972 2019.383 131.754 177.2877 0.0
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N/S ft E/W ft TVD ft <t>° 0° DLS
KOP 0 0 300 15 225 3

1st Target 1500 1500 4000 4 1 . 3 4 1 45. 0 4
2nd Target -2500 4000 2000 1 3 1 . 7 5 4 1 7 7 . 2 8 8

Figure 36: 3-D Inverted Well, 1st Target Due NE. 2nd Due SE.
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Table 25: 3-D Inverted Well, 1st Target Due NW. ,
2nd Target Due SW.

St.# MD ft N/S ft E/W ft TVD ft r 0° DLS 7100 ft
1 300 0 0 300 15 225 3.0
2 400 -15.871 -19.244 396.827 14.0285 236.3485 3.0
3 500 -26.853 -40.338 493.946 13.6475 248.8143 3.0
4 600 -32.917 -63.224 591.092 13.9057 261.3897 3.0
5 700 -34.045 -87.84 687.996 14.7696 273.015 3.0
6 800 -30.236 -114.117 784.395 16.1422 283.0464 3.0
7 900 -21.499 -141.984 880.023 17.9068 291.3503 3.0
8 1000 -7.858 -171.364 974.62 19.9598 298.1055 3.0
9 1100 10.649 -202.178 1067.924 22.2211 303.5932 3.0
10 1200 33.972 -234.34 1159.681 24.6335 308.0853 3.0
11 1300 62.047 -267.762 1249.64 27.1566 311.8061 3.0
12 1400 94.796 -302.353 1337.552 29.7622 314.9297 3.0
13 1500 132.13 -338.018 1423.179 32.4303 317.5878 3.0
14 1600 173.928 -374.655 1506.296 34.8936 319.681 0.0
42 4400 1395.189 -1411.05 3802.901 34.8936 319.681 0.0
43 4500 1438.806 -1448.07 3884.923 34.8936 319.681 0.0
44 4600 1482.422 -1485.08 3966.945 34.8936 319.681 0.0
45 4700 1525.11 -1522.92 4049.068 34.5758 315.5263 4.0
46 4800 1562.929 -1564.91 4131.543 34.3643 308.4657 4.0
47 4900 1595.276 -1611.24 4214.027 34.56 301.4022 4.0
48 5000 1621.995 -1661.67 4296.116 35.156 294.4787 4.0
49 5100 1642.955 -1715.96 4377.412 36.1321 287.8192 4.0
50 5200 1658.054 -1773.85 4457.517 37.4583 281.5156 4.0
51 5300 1667.219 -1835.06 4536.042 39.0982 275.6235 4.0
52 5400 1670.404 -1899.27 4612.604 41.0135 270.1641 4.0
53 5500 1667.594 -1966.2 4686.83 43.1666 265.1326 4.0
54 5600 1658.804 -2035.49 4758.359 45.5227 260.506 4.0
55 5700 1644.075 -2106.83 4826.842 48.0508 256.251 4.0
56 5800 1623.48 -2179.86 4891.945 50.7237 252.3295 4.0
57 5900 1597.119 -2254.23 4953.352 53.5183 248.7025 4.0
58 6000 1565.12 -2329.57 5010.762 56.4149 245.3325 4.0
59 6100 1527.64 -2405.51 5063.896 59.3969 242.1847 4.0
60 6200 1484.86 -2481.7 5112.497 62.4501 239.2271 4.0
61 6300 1436.989 -2557.75 5156.326 65.5625 236.4311 4.0
62 6400 1384.261 -2633.29 5195.169 68.7238 233.771 4.0
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Table 25 ( Continued )

St.# MD ft N/S ft E/W ft TVD ft <i>0 0° DLS °/100 ft
63 6500 1326.933 -2707.96 5228.84 71.9251 231.2234 4.0
64 6600 1265.283 -2781.39 5257.171 75.1586 228.7677 4.0
65 6700 1199.612 -2853.23 5280.027 78.4173 226.3847 4.0
66 6800 1130.24 -2923.13 5297.295 81.6951 224.0568 4.0
67 6900 1057.505 -2990.74 5308.892 84.9862 221.7675 4.0
68 7000 981.761 -3055.73 5314.761 88.2852 219.5013 4.0
69 7100 903.377 -3117.8 5314.873 91.5868 217.2428 4.0
70 7200 822.736 -3176.63 5309.227 94.886 214.9772 4.0
71 7300 740.229 -3231.94 5297.852 98.1775 212.6891 4.0
72 7400 656.26 -3283.46 5280.802 101.4559 210.363 4.0
73 7500 571.237 -3330.94 5258.162 104.7156 207.9824 4.0
74 7600 485.574 -3374.15 5230.04 107.9501 205.5299 4.0
75 7700 399.689 -3412.87 5196.574 111.1528 202.9863 4.0
76 7800 313.999 -3446.93 5157.927 114.3158 200.3309 4.0
77 7900 228.924 -3476.15 5114.288 117.4303 197.5407 4.0
78 8000 144.876 -3500.38 5065.869 120.486 194.5899 4.0
79 8100 62.227 -3519.64 5013 122.8498 192.1275 0.0
129 13100 -4044.51 -4402.12 2300.813 122.8498 192.1275 0.0
130 13200 -4126.65 -4419.77 2246.57 122.8498 192.1275 0.0
131 13300 -4208.78 -4437.42 2192.326 122.8498 192.1275 0.0
132 13400 -4290.92 -4455.07 2138.082 122.8498 192.1275 0.0
133 13500 -4373.05 -4472.72 2083.838 122.8498 192.1275 0.0
134 13600 -4455.19 -4490.37 2029.595 122.8498 192.1275 0.0



T-4708 116

'S i

KOP

: ^ t

N/S ft E/W ft TVD ft +° 0° DLS
KOP 0 0 300 15 225 3

1st Target 1500 -1500 4000 3 4 . 8 9 4 3 1 9 . 6 8 1 4
2 nd Target -4500 -4500 2000 1 2 2 . 8 5 0 1 9 2 . 1 2 8

Figure 37: 3-D Inverted Well, 1st Target Due NW. 2nd Due SW.
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Table 26: 3-D Inverted Well, 1st Target Due NW. ,
t nd2 Target Due SE.

St.# MD ft N/S ft E/W ft TVD ft r 0° DLS °/100ft
1 300 0 0 300 15 225 3.0
2 400 -15.871 -19.244 396.827 14.0285 236.3485 3.0
3 500 -26.853 -40.338 493.946 13.6475 248.8143 3.0
4 600 -32.917 -63.224 591.092 13.9057 261.3897 3.0
5 700 -34.045 -87.84 687.996 14.7696 273.015 3.0
6 800 -30.236 -114.117 784.395 16.1422 283.0464 3.0
7 900 -21.499 -141.984 880.023 17.9068 291.3503 3.0
8 1000 -7.858 -171.364 974.62 19.9598 298.1055 3.0
9 1100 10.649 -202.178 1067.924 22.2211 303.5932 3.0
10 1200 33.972 -234.34 1159.681 24.6335 308.0853 3.0
11 1300 62.047 -267.762 1249.64 27.1566 311.8061 3.0
12 1400 94.796 -302.353 1337.552 29.7622 314.9297 3.0
13 1500 132.13 -338.018 1423.179 32.4303 317.5878 3.0
14 1600 173.928 -374.655 1506.296 34.8936 319.681 0.0
42 4400 1395.189 -1411.05 3802.901 34.8936 319.681 0.0
43 4500 1438.806 -1448.07 3884.923 34.8936 319.681 0.0
44 4600 1482.422 -1485.08 3966.945 34.8936 319.681 0.0
45 4700 1525.354 -1521.32 4049.659 32.5236 320.2078 4.0
46 4800 1564.671 -1553.5 4135.768 28.5596 321.2636 4.0
47 4900 1599.876 -1581.1 4225.18 24.6062 322.6271 4.0
48 5000 1630.797 -1604.01 4317.459 20.6694 324.4739 4.0
49 5100 1657.283 -1622.09 4412.155 16.761 327.1409 4.0
50 5200 1679.206 -1635.27 4508.807 12.9068 331.3578 4.0
51 5300 1696.458 -1643.49 4606.943 9.1757 338.9995 4.0
52 5400 1708.956 -1646.69 4706.087 5.8095 356.0639 4.0
53 5500 1716.638 -1644.88 4805.754 3.9062 39.45 4.0
54 5600 1719.467 -1638.04 4905.46 5.3588 87.5664 4.0
55 5700 1717.43 -1626.23 5004.719 8.6096 107.3694 4.0
56 5800 1710.537 -1609.49 5103.046 12.3079 115.9053 4.0
57 5900 1698.82 -1587.91 5199.963 16.1491 120.4874 4.0
58 6000 1682.337 -1561.59 5294.998 20.0512 123.3343 4.0
59 6100 1661.169 -1530.67 5387.688 23.9846 125.2819 4.0
60 6200 1635.418 -1495.28 5477.581 27.9359 126.7071 4.0
61 6300 1605.21 -1455.61 5564.239 31.8985 127.8034 4.0
62 6400 1570.692 -1411.85 5647.24 35.8686 128.68 4.0
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Table 26 ( Continued )

S t.# MD ft N/S ft E/W ft TVD ft 4>° 0° DLS °/100 ft
63 6500 1532.032 -1364.21 5726.18 39.844 129.4029 4.0
64 6600 1489.419 -1312.92 5800.674 43.8232 130.0146 4.0
65 6700 1443.06 -1258.23 5870.359 47.8052 130.5436 4.0
66 6800 1393.181 -1200.41 5934.896 51.7893 131.0098 4.0
67 6900 1340.025 -1139.74 5993.97 55.7751 131.4275 4.0
68 7000 1283.851 -1076.52 6047.293 59.7622 131.8074 4.0
69 7100 1224.933 -1011.05 6094.606 63.7503 132.1577 4.0
70 7200 1163.557 -943.654 6135.678 67.7392 132.4846 4.0
71 7300 1100.024 -874.661 6170.31 71.7287 132.7934 4.0
72 7400 1034.641 -804.405 6198.331 75.7186 133.0883 4.0
73 7500 967.729 -733.229 6219.606 79.7089 133.3729 4.0
74 7600 899.612 -661.48 6234.032 83.6995 133.6504 4.0
75 7700 830.623 -589.507 6241.538 87.6902 133.9237 4.0
76 7800 761.098 -517.661 6242.086 91.681 134.1954 4.0
77 7900 691.375 -446.292 6235.676 95.6717 134.4682 4.0
78 8000 621.794 -375.747 6222.337 99.6623 134.7449 4.0
79 8100 552.695 -306.37 6202.135 103.6527 135.0282 4.0
80 8200 484.413 -238.5 6175.168 107.6427 135.3212 4.0
81 8300 417.282 -172.467 6141.568 111.6323 135.6276 4.0
82 8400 351.628 -108.592 6101.499 115.6213 135.9514 4.0
83 8500 287.772 -47.187 6055.155 119.6095 136.2975 4.0
84 8600 225.724 11.834 6003.529 121.562 136.477 0.0
157 15900 -4284.5 4295.328 2182.572 121.562 136.477 0.0
158 16000 -4346.28 4354.006 2130.229 121.562 136.477 0.0
159 16100 -4408.06 4412.684 2077.888 121.562 136.477 0.0
160 16200 -4469.85 4471.362 2025.546 121.562 136.477 0.0
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N/S ft E/W ft TVD ft <r 0° DLS '

KOP 0 0 300 15 225 3

1st Target 1500 -1 5 0 0 4000 3 4 . 8 9 4 3 1 9 .  681 4

2nd Target - 4 5 0 0 4500 2000 1 2 1 . 5 6 2 1 3 6 . 4 7 7

Figure 38: 3-D Inverted Well, 1st Target Due NW. 2nd Due SE.
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Table 27: 3-D Inverted Well, 1st Target Due SW. ,
2nd Target Due NW.

St.# MD ft N/S ft E/W ft TVD ft <i>0 6° DLS °/100 ft
1 300 0 0 300 15 225 3.0
2 400 -20.081 -20.081 395.871 18 224.9998 3.0
3 500 -43.682 -43.682 490.124 21 224.9998 3.0
4 600 -70.738 -70.738 582.502 . 24 224.9998 3.0
5 700 -101.177 -101.176 672.75 27 224.9999 3.0
6 800 -134.913 -134.913 760.622 30 224.9999 3.0
7 900 -171.003 -171.003 846.615 30.7959 224.9999 0.0
8 1000 -207.206 -207.206 932.515 30.7959 224.9999 0.0

41 4300 -1401.89 -1401.89 3767.205 30.7959 224.9999 0.0
42 4400 -1438.09 -1438.09 3853.104 30.7959 224.9999 0.0
43 4500 -1474.29 -1474.29 3939.004 30.7959 224.9999 0.0
44 4600 -1510.27 -1510.68 4024.921 30.671 227.2558 4.0
45 4700 -1542.12 -1550.27 4111.023 30.5432 235.1126 4.0
46 4800 -1568.35 -1593.98 4197.03 30.8864 242.9197 4.0
47 4900 -1588.82 -1641.61 4282.521 31.6853 250.4716 4.0
48 5000 -1603.44 -1692.91 4367.082 32.9063 257.6053 4.0
49 5100 -1612.13 -1747.64 4450.297 34.5044 264.2175 4.0
50 5200 -1614.85 -1805.54 4531.764 36.4292 270.2645 4.0
51 5300 -1611.58 -1866.31 4611.085 38.6312 275.7495 4.0
52 5400 -1602.35 -1929.67 4687.874 41.0652 280.7063 4.0
53 5500 -1587.19 -1995.3 4761.755 43.6913 285.1852 4.0
54 5600 -1566.19 -2062.89 4832.371 46.4759 289.2422 4.0
55 5700 -1539.44 -2132.1 4899.375 49.3912 292.9332 4.0
56 5800 -1507.07 -2202.61 4962.443 52.414 296.3101 4.0
57 5900 -1469.25 -2274.06 5021.267 55.5254 299.4196 4.0
58 6000 -1426.15 -2346.11 5075.56 58.7099 302.3029 4.0
59 6100 -1377.99 -2418.4 5125.057 61.9545 304.996 4.0
60 6200 -1325 -2490.59 5169.518 65.2485 307.53 4.0
61 6300 -1267.44 -2562.32 5208.726 68.583 309.9323 4.0
62 6400 -1205.58 -2633.24 5242.489 71.9501 312.2267 4.0
63 6500 -1139.74 -2703.01 5270.645 75.3433 314.4346 4.0
64 6600 -1070.23 -2771.29 5293.054 78.7566 316.5748 4.0
65 6700 -997.391 -2837.75 5309.608 82.1849 318.6647 4.0
66 6800 -921.575 -2902.05 5320.228 85.6233 320.7205 4.0
67 6900 -843.154 -2963.9 5324.859 89.0673 322.7575 4.0
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Table 27 ( Continued )

S t.# MD ft N/S ft E/W ft TVD ft <t>° 0° DLS °/100 ft
68 7000 -762.509 -3022.98 5323.48 92.5124 324.7905 4.0
69 7100 -680.034 -3079.01 5316.099 95.9544 326.8343 4.0
70 7200 -596.129 -3131.71 5302.75 99.3887 328.9038 4.0
71 7300 -511.205 -3180.83 5283.5 102.8108 331.0147 4.0
72 7400 -425.674 -3226.14 5258.44 106.2156 333.1837 4.0
73 7500 -339.953 -3267.4 5227.694 109.5976 335.4287 4.0
74 7600 -254.46 -3304.42 5191.413 112.9506 337.7699 4.0
75 7700 -169.612 -3337.02 5149.771 116.2676 340.2294 4.0
76 7800 -85.822 -3365.04 5102.972 119.5402 342.8327 4.0
77 7900 -3.497 -3388.34 5051.244 122.7586 345.6089 4.0
78 8000 77.646 -3408.44 4996.364 123.3374 346.1349 0.0
79 8100 158.757 -3428.46 4941.408 123.3374 346.1349 0.0
80 8200 239.867 -3448.48 4886.451 123.3374 346.1349 0.0
121 12300 3565.413 -4269.32 2633.229 123.3374 346.1349 0.0
122 12400 3646.524 -4289.34 2578.272 123.3374 346.1349 0.0
123 12500 3727.635 -4309.36 2523.315 123.3374 346.1349 0.0
124 12600 3808.746 -4329.38 2468.359 123.3374 346.1349 0.0
125 12700 3889.857 -4349.4 2413.402 123.3374 346.1349 0.0
126 12800 3970.968 -4369.42 2358.446 123.3374 346.1349 0.0
127 12900 4052.079 -4389.44 2303.489 123.3374 346.1349 0.0
128 13000 4133.189 -4409.46 2248.532 123.3374 346.1349 0.0
129 13100 4214.3 -4429.48 2193.576 123.3374 346.1349 0.0
130 13200 4295.411 -4449.5 2138.619 123.3374 346.1349 0.0
131 13300 4376.522 -4469.52 2083.662 123.3374 346.1349 0.0
132 13400 4457.633 -4489.54 2028.706 123.3374 346.1349 0.0
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N/S ft E/W ft TVD ft *0 0° DLS '
KOP 0 0 300 15 225 3

1st Target 1500 -1500 4000 30. 7 9 6 2 2 5 .  0 4
2nd Target 4500 -4500 2000 1 2 3 . 3 3 7 3 4 6 . 1 3 5

Figure 39: 3-D Inverted Well, 1st Target Due SW. 2nd Due NW.
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Table 28: 3-D Inverted Well, 1st Target Due SW. ,
2nd Target Due SE.

St.# MD ft N/S ft E/W ft TVD ft <t>° 6° DLS °/100 ft
1 300 0 0 300 15 225 3.0
2 400 -20.081 -20.081 395.871 18 224.9998 3.0
3 500 -43.682 -43.682 490.124 21 224.9998 3.0
4 600 -70.738 -70.738 582.502 24 224.9998 3.0
5 700 -101.177 -101.176 672.75 27 224.9999 3.0
6 800 -134.913 -134.913 760.622 30 224.9999 3.0
7 900 -171.003 -171.003 846.615 30.7959 224.9999 0.0
8 1000 -207.206 -207.206 932.515 30.7959 224.9999 0.0

41 4300 -1401.89 -1401.89 3767.205 30.7959 224.9999 0.0
42 4400 -1438.09 -1438.09 3853.104 30.7959 224.9999 0.0
43 4500 -1474.29 -1474.29 3939.004 30.7959 224.9999 0.0
44 4600 -1510.68 -1510.27 4024.921 30.671 222.7435 4.0
45 4700 -1550.27 -1542.12 4111.023 30.5432 214.8867 4.0
46 4800 -1593.98 -1568.35 4197.03 30.8865 207.0796 4.0
47 4900 -1641.61 -1588.82 4282.521 31.6854 199.5277 4.0
48 5000 -1692.91 -1603.44 4367.081 32.9065 192.3941 4.0
49 5100 -1747.64 -1612.13 4450.297 34.5045 185.7819 4.0
50 5200 -1805.54 -1614.84 4531.764 36.4293 179.7352 4.0
51 5300 -1866.31 -1611.58 4611.084 38.6314 174.2503 4.0
52 5400 -1929.67 -1602.34 4687.873 41.0654 169.2935 4.0
53 5500 -1995.3 -1587.19 4761.754 43.6915 164.8146 4.0
54 5600 -2062.89 -1566.18 4832.369 46.4762 160.7576 4.0
55 5700 -2132.11 -1539.43 4899.374 49.3914 157.0666 4.0
56 5800 -2202.61 -1507.07 4962.441 52.4142 153.6898 4.0
57 5900 -2274.06 -1469.24 5021.264 55.5257 150.5803 4.0
58 6000 -2346.11 -1426.15 5075.557 58.7101 147.697 4.0
59 6100 -2418.4 -1377.98 5125.054 61.9547 145.0039 4.0
60 6200 -2490.59 -1324.99 5169.514 65.2488 142.4699 4.0
61 6300 -2562.32 -1267.43 5208.722 68.5832 140.0676 4.0
62 6400 -2633.25 -1205.58 5242.485 71.9503 137.7732 4.0
63 6500 -2703.02 -1139.74 5270.64 75.3435 135.5654 4.0
64 6600 -2771.3 -1070.22 5293.049 78.7569 133.4252 4.0
65 6700 -2837.75 -997.383 5309.603 82.1852 131.3352 4.0
66 6800 -2902.06 -921.568 5320.221 85.6236 129.2794 4.0
67 6900 -2963.9 -843.146 5324.852 89.0675 127.2424 4.0
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Table 28 ( Continued )

S t.# MD ft N/S ft E/W ft TVD ft r 0° DLS °/100 ft
68 7000 -3022.98 -762.501 5323.474 92.5127 125.2094 4.0
69 7100 -3079.01 -680.026 5316.091 95.9546 123.1656 4.0
70 7200 -3131.71 -596.121 5302.742 99.389 121.0961 4.0
71 7300 -3180.84 -511.197 5283.491 102.811 118.9852 4.0
72 7400 -3226.14 -425.666 5258.431 106.2158 116.8162 4.0
73 7500 -3267.4 -339.945 5227.686 109.5978 114.5712 4.0
74 7600 -3304.42 -254.452 5191.403 112.9509 112.23 4.0
75 7700 -3337.02 -169.604 5149.761 116.2678 109.7705 4.0
76 7800 -3365.04 -85.814 5102.961 119.5404 107.1671 4.0
77 7900 -3388.34 -3.489 5051.233 122.7589 104.391 4.0
78 8000 -3408.44 77.653 4996.354 123.3373 103.8652 0.0
122 12400 -4289.34 3646.533 2578.265 123.3373 103.8652 0.0
123 12500 -4309.36 3727.644 2523.308 123.3373 103.8652 0.0
124 12600 -4329.38 3808.755 2468.352 123.3373 103.8652 0.0
125 12700 -4349.4 3889.866 2413.395 123.3373 103.8652 0.0
126 12800 -4369.42 3970.977 2358.439 123.3373 103.8652 0.0
127 12900 -4389.44 4052.088 2303.482 123.3373 103.8652 0.0
128 13000 -4409.46 4133.199 2248.525 123.3373 103.8652 0.0
129 13100 -4429.48 4214.31 2193.569 123.3373 103.8652 0.0
130 13200 -4449.5 4295.421 2138.612 123.3373 103.8652 0.0
131 13300 -4469.52 4376.532 2083.656 123.3373 103.8652 0.0
132 13400 -4489.55 4457.643 2028.699 123.3373 103.8652 0.0
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N/S ft E/W ft TVD ft <t>° 0° DLS
KOP 0 0 300 15 225 3

1st Target 1500 -1500 4000 3 0 . 7 9 6 2 2 5 .  0 4
2nd Target -4500 4500 2000 1 2 3 . 3 3 7 1 0 3 . 8 6 5

Figure 40: 3-D Inverted Well, 1st Target Due SW. 2nd Due SE.
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Table 29: 3-D Inverted Well From Halliburton Directional
Planning Program

KONAXT OIL CGMPMTC (K.3.C.) p,qe ;
Date: 24/1/95

Propoeal Mport
Last Revision: 24/1/95

Calculated using the Minimum Curvature Method 
Computed using WIN-CAODS REV2.1.A Vertical Section Plane: 135.00 deq.Survey Reference: WELLHEADVertical Section Reference: WELLHEAD •Closure Reference : WELLHEAD TVD Reference: WELLHEAD

Measured Incl Drift TVD T O T A L DLSDepth Dir. !1 Offsets Rate1 ftl Ideq.1 Ideq.1 (ft) ifti (ftl (dq/100ft) (dq/100ft1 (dq/100ft
5000.00 0.00 0.00 5000.00 0.00 N 0.00 E 0.00 0.00 0. 005100.00 1.40 135.00 5099.99 0.86 S 0.86 E 1.40 1.40 0. 305200.00 2.80 135.00 5199.92 3.45 s 3.45 E 1.40 1.40 0.00
5300.00 4.19 135.00 5299.73 7.76 s 7.76 E 1.40 1.40 0.005400.00 5.59 135.00 5399.37 13.79 S 13.79 E 1.40 1.40 0.005500.00 6. 99 135.00 5498.76 21.53 s 21.53 E 1.40 1.40 0.00
5600.00 8.39 135.00 5597.86 30. 99 S 30.99 E 1.40 1.40 0.005700.00 9.78 135.00 5696.60 42.16 s 42.16 E 1.40 1.40 0.005800.00 11.18 135.00 5794.93 55.02 s 55.02 E 1.40 1.40 0.00
5900.00 12.58 135.00 5892.79 69.58 s 69.58 E 1.40 1.40 0.006000.00 13.98 135.00 5990.11 85.81 s 85.81 E 1.40 1.40 0.006100.00 15.37 135.00 6086.85 103.73 s 103.73 E 1.40 1.40 0.00
6200.00 16.77 135.00 6182.94 123.30 s 123.30 E 1.40 1.40 0.006300.00 18.17 135.00 6278.32 144.53 s 144.53 E 1.40 1.40 0.00
6400.00 19.57 135.00 6372.95 167.40 s 167.40 E 1.40 1.40 0.00
6500.00 20.96 135.00 6466.75 191.89 S 191.89 E 1.40 1.40 0.00
6600.00 22.36 135.00 6559.69 217.99 S 217.99 E 1.40 1.40 0.00
6700.00 23.76 135.00 6651.70 245.69 s 245.69 E 1.40 1 . 40 0.00
6800.00 25.16 135.00 6742.72 274.96 S 274.96 E 1.40 1.40 0.00
6900.00 26.55 135.00 6832.71 305.80 s 305.80 E 1.40 1.40 0.00
7000.00 27.95 135.00 6921.60 338.18 s 338.18 E 1.40 1.40 0.00
7100.00 29.35 135.00 7009.36 372.08 s 372.08 E 1.40 1 . 40 0.00
7200.00 30.75 135.00 7095.92 407.49 S 407.49 E 1.40 1 . 40 0.00
7300.00 32.14 135.00 7181.23 444.37 S 444.37 E 1.40 1 . 40 0 . 00
7400.00 33.54 135.00 7265.24 482.72 s 482.72 E 1.40 1 . 40 0.00
7500.00 34 . 94 135.00 7347.91 522.51 s 522.51 E 1.40 1. 40 0. 00
7600.00 36.34 135.00 7429.17 563.71 s 563.71 E 1.40 1.40 0.00
7700.00 37.74 135.00 7509.00 606.30 s 606.30 E 1 . 40 1.40 0. 00
7800.00 39.13 135.00 7587.33 650.25 s 650.25 E 1.40 1 . 40 0. 00
7 900.00 40.53 135.00 7664.12 695.54 s 695.54 E 1.40 1.40 0. 00
8000.00 41.93 135.00 7739.33 742.15 s 742.15 E 1.40 1 . 40 0.00
8100.00 43.33 135.00 7812.90 790.03 s 790.03 E 1 .40 1.40 0 . 00
8200.00 44.72 135.00 7884.80 839.17 s 839.17 E 1.40 1 . 40 0.00
8300.00 46.12 135.00 7954.99 889.54 s 889.54 E 1.40 1 . 40 0. 00
8400.00 47.52 135.00 8023.42 941.10 s 941.10 E 1.40 1.40 0. 00
8500.00 48.92 135.00 8090.05 993.83 s 993.83 E 1.40 1.40 0.00
8600.00 50.31 135.00 8154.84 1047.68 s 1047.68 E 1.40' 1.40 0.00
8700.00 51.71 135.00 8217.75 1102.65 s 1102.65 E 1 . 40 0.00
8800.00 53.11 135.00 8278.75 1158.68 s 1158.68 E 1.40 1.40 0.00
8900.00 54.51 135.00 8337.90 1215.74 s 1215.74 E . 1.40 1 .40 0.00
9000.00 55. 90 135.00 8394.86 1273.81 s 1273.81 E 1.40 1.40 0.00
9100.00 57.30 135.00 8449.91 1332.84 s 1332.84 E 1.40 1 . 40 0. 00
9200.00 58.70 135.00 8502.90 1392.80 s 1392.80 E 1.40 1 . 40 0.00
9300.00 60.10 135.00 8553.80 1453.67 s 1453.67 E 1. 40 1.40 0. 00
9400.00 61.49 135.00 8602.59 1515.39 s 1515.39 E 1.40 1 . 40 0.00
9500.00 62. 89 135.00 8649.24 1577.93 s 1577.93 E 1 . 40 1 . 40 0.00
9600.00 64.29 135.00 8693.72 1641.26 s 1641.26 E 1.40 1 .40 0 . 00
9700.00 65.69 135.00 8736.00 1705.34 s 1705.34 E 1.40 1.40 0.00
9800.00 67.08 135.00 8776.05 1770.13 s 1770.13 E 1 . 40 1 . 40 0.00
9900.00 68.48 135.00 8813.86 1835.59 3 1835.59 E 1.40 1 . 40 0.00
10000.00 69.88 135.00 8849.40 1901.68 3 1901.68 E 1.40 1.40 0.00
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Table 29 ( Continued )

ICOWLIT OIL COMPANY (K.S.C.) Date
Proposal Hoport weiipatn

Measured Incl Drift TVD T O T A L DLS WallcDepth Dir. Rectangular Offsets Rate Rate
(ft) Ideg.I Ideg.) Ift) (ft) (ft) (dg/100ft) (dg/100ft) (dg/100ft

10100.00 71.28 135.00 8882.65 1968.36 S 1968.36 E 1.40 1.40 0.00
10200.00 72.68 135.00 8913.59 2035.60 S 2035.60 E 1.40 1.40 0.30
10300.00 74 .07 135.00 8942.21 2103.35 S 2103.35 E 1. 40 1.40 0.00
10400.00 75.47 135.00 8968.47 2171.58 S 2171.58 E 1.40 1 . 40 0.0010500.00 76.87 135.00 8992.38 2240.24 S 2240.24 E 1.40 1.40 0.0010600.00 78.27 135.00 9013.91 2309.29 S 2309.29 E 1.40 1.40 0.00
10700.00 79.66 135.00 9033.05 2378.69 S 2378.69 E 1.40 1 . 40 0.0010800.00 81.06 135.00 9049.79 2448.40 S 2448.40 E 1.40 1.40 0.0010900.00 82.46 135.00 9064.12 2518.38 S 2518.38 E 1.40 1.40 0.00
11000.00 83.86 135.00 9076.04 2588.59 S 2588.59 E 1.40 1.40 0.0011100.00 85.25 135.00 9085.53 2658.98 S 2658.98 E 1.40 1.40 0.0011200.00 86.65 135.00 9092.58 2729.51 S 2729.51 E 1.40 1.40 0.00
11300.00 88.05 135.00 9097.21 2800.14 S 2800.14 E 1.40 • 1.40 0.0011400.00 89.45 135.00 9099.39 2870.83 S 2870.83 E 1.40 1 . 40 0.0011500.00 90.84 135.00 9099.14 2941.54 S 2941.54 E 1.40 1.40 0.00
11600.00 92.24 135.00 9096.45 3012.23 S 3012.23 E 1.40 1.40 0.0011700.00 93.64 135.00 9091.32 3082.84 S 3082.84 E 1.40 1.40 0.0011800.00 95.04 135.00 9083.75. 3153.35 S 3153.35 E 1.40 1.40 0.00
11900.00 96.4 3 135.00 9073.76 3223.70 S 3223.70 E 1.40 1.40 0.0012000.00 97.83 135.00 9061.34 32 93 .87. S 3293.87 E 1.40 1.40 0.0012100.00 99.23 _ 135.00 9046.51 3363.79 S 3363.79 E 1.40 1.40 0.00
12200.00 100.63 135.00 9029.27 3433.44 S 3433.44 E 1.40 1.40 0.0012300.00 102.02 135.00 9009.63 3 5 0 2 . 7 7  s 3502.77 E 1.40 1.40 0.0012400.00 103.42 135.00 8987.60 3571.75 S 3571.75 E 1.40 1.40 0.00
12500.00 104.82 135.00 8963.21 3640.32 S 3640.32 E 1.40 1.40 0. 0012600.00 106.22 135.00 8936.45 3708.45 S 3708.45 E 1.40 1.40 0.0012700.00 107.62 135.00 8907.36 3776.10 S 3776.10 E 1.40 1.40 0.00
12800.00 109.01 135.00 8875.93 3843.23 S 3843.23 E 1.40 1.40 0.0012900.00 110.41 135.00 8842.21 3909.79 S 3909.79 E 1.40 1.40 0.0013000.00 111.81 135.00 8806.19 3975.76 S 3975.76 E 1.40 1.40 0.00
13100.00 113.21 135.00 8767.92 4041.08 S 4041.08 E 1.40 1 . 40 0.0013200.00 114.60 135.00 8727.39 4105.72 S 4105.72 E 1.40 1.40 3.0013300.00 116.00 135.00 8684.66 4169.65 S 4169.65 E 1 .40 1.40 0. 00
13400.00 117.40 135.00 8639.73 4232.82 S 4232.82 E 1.40 1.40 0.0013500.00 118.80 135.00 8592.63 4295.19 S 4295.19 E 1.40 1.40 0. 0013600.00 120.19 135.00 8543.40 4356.74 S 4356.74 E 1.40 1.40 0.00
13700.00 121.59 135.00 8492.06 4417.42 S 4417.42 E 1.40 1.40 0.0013800.00 122.99 135.00 8438.64 4477.19 S 4477.19 E 1.40 1 . 40 0.0013900.00 124.39 135.00 8383.17 4536.03 S 4536.03 E 1.40 1.40 0.00
14000.00 125.78 135.00 8325.69 4593.89 S 4593.89 E 1.40 1.40 0.0014100.00 127.18 135.00 8266.24 4650.74 S 4650.74 E 1.40 1.40 0. 0014200.00 128.58 135.00 8204.84 4706.55 S 4706.55 E 1.40 1 . 40 0.00
14300.00 129.98 135.00 8141.53 4761.28 S 4761.28 E 1.40 1.40 0.0014400.00 131.37 135.00 8076.35 4814.91 S 4814.91 E 1.40 1 . 40 0.0014500.00 132.77 135.00 8009.35 4867.40 S 4867.40 E 1.40 1.40 0.00
14600.00 134.17 135.00 7940.55 4918.71 S 4918.71 E 1.40 1.40 0.0014700.00 135.57 135.00 7870.00 4968.83 S 4968.83 E 1.40 1.40 0 . 0 014800.00 136.96 135.00 7797.75 5 0 1 7 . 7 1  s 5017.71 E 1.40 1 . 40 0 . 0 0

14900.00 138.36 135.00 7723.83 5065.33 S 5065.33 E 1.40 1.40 0.0015000.00 139.76 135.00 7648.29 5111.66 S 5111.66 E 1 .40 1.40 0. 0015100.00 141.16 135.00 7571.18 5156.68 S 5156.68 E 1.40 1 . 40 0 . 0 0

15200.00 142.56 135.00 7492.53 5200.35 S 5200.35 E 1.40 1 . 40 0 . 0 015300.00 14 3.95 135.00 7412.41 5242.65 S 5242.65 E 1.40 1.40 0.0015400.00 145.35 135.00 7330.84 5283.56 S 5283.56 E 1.40 1 .40 0 . 0 0

15500.00 146.75 135.00 7247.89 5323.05 S 5323.05 E 1.40 1.40 0 . 0 0
15600.00 148.15 135.00 7163.61 5361.10 S 5361.10 E 1.40 1.40 0. 30
15700.00 149.54 135.00 7078.03 5397.68 S 5397.68 E 1.40 1.40 0 . 0 0

15800.00 150. 94 135.00 6991.22 5432.77 S 5432.77 E 1.40 1.40 0.00
15900.00 152.34 135.00 6903.23 5466.36 3 5466.36 E 1.40 1.40 0 . 0 0
16000.00 153.74 135.00 6814.10 5498.42 S 5498.42 E 1.40 1.40 0. 00
16100.00 155.13 135.00 6723.89 5528.94 S 5528.94 E 1.40 1.40 0.00

Pag* 2 24/1/93 C: TEST
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Table 29 ( Continued )

KUVULZT Oil COMPANY (K.S.C.)
Proposal Report weiipatn

Measured Incl Drift TVD T O T A I DLS Build Walk
Dir. Rectangular Offsets RateIft) Ideg.) Ideg.) (ft) (ft) (ftl (dg/100ft1 (dg/lOOft1 (dg/1 0 0ft)

16200.00 156.53 135.00 6632.66 5557.88 S 5557.88 E 1.40 1.40 0. 0016300.00 157.93 135.00 6540.45 5585.25 S 5585.25 E 1.40 1.40 0.0016393.87 159.24 135.00 6453.06 5609.49 S 5609.49 E 1.40 1.40 0. 00

Page 3 24/1/95 0: TEST

22225.54 159.24 135.00 1000.00 1071.07 S 7071.07 E 0.00 0.00 0.00
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Table 30: 3-D Inverted Well Compared To Haliburton's Results

ST.# MD ft N/S ft E/W ft TVD ft 4) 0 DLS°/100 ft
1 5100 -0.864 0.864 5099.99 1.4 135.000 1.4
2 5200 -3.455 3.455 5199.92 2 .8 135.000 1.4
3 5300 -7.772 7.772 5299.731 4.2 135.000 1.4
4 5400 -13.811 13.811 5399.363 5.6 135.000 1.4
5 5500 -21.57 21.57 5498.757 7.0 135.000 1.4
6 5600 -31.044 31.044 5597.853 8.4 135.000 1.4
7 5700 -42.228 42.228 5696.592 9.8 135.000 1.4
8 5800 -55.113 55.113 5794.915 1 1 .2 135.000 1.4
9 5900 -69.694 69.694 5892.763 1 2 .6 135.000 1.4
10 6000 -85.96 85.96 5990.079 14.0 135.000 1.4
11 6100 -103.903 103.903 6086.803 15.4 135.000 1.4
12 6200 -123.512 123.512 6182.879 16.8 135.000 1.4
13 6300 -144.774 144.774 6278.248 18.2 135.000 1.4
14 6400 -167.678 167.678 6372.854 19.6 135.000 1.4
15 6500 -192.21 192.21 6466.641 2 1 .0 135.000 1.4
16 6600 -218.354 218.354 6559.552 22.4 135.000 1.4
17 6700 -246.096 246.096 6651.532 23.8 135.000 1.4
18 6800 -275.418 275.418 6742.525 25.2 135.000 1.4
19 6900 -306.304 306.304 6832.479 26.6 135.000 1.4
20 7000 -338.735 338.735 6921.338 28.0 135.000 1.4
21 7100 -372.691 372.691 7009.051 29.4 135.000 1.4
22 7200 -408.152 408.152 7095.564 30.8 135.000 1.4
23 7300 -445.097 445.097 7180.826 32.2 135.000 1.4
24 7400 -483.504 483.504 7264.786 33.6 135.000 1.4
25 7500 -523.351 523.351 7347.394 35.0 135.000 1.4
26 7600 -564.612 564.612 7428.6 36.4 135.000 1.4
27 7700 -607.264 607.264 7508.356 37.8 135.000 1.4
28 7800 -651.282 651.282 7586.616 39.2 135.000 1.4
30 8000 -743.306 743.306 7738.455 42.0 135.000 1.4
31 8100 -791.258 791.258 7811.944 43.4 135.000 1.4
32 8200 -840.465 840.465 7883.755 44.8 135.000 1.4
34 8400 -942.527 942.527 8022.17 47.6 135.000 1.4
35 8500 -995.321 995.321 8088.691 49.0 135.000 1.4
36 8600 -1049.25 1049.249 8153.369 50.4 135.000 1.4
37 8700 -1104.28 1104.277 8216.164 51.8 135.000 1.4
38 8800 -1160.37 1160.374 8277.038 53.2 135.000 1.4
39 8900 -1217.51 1217.506 8335.957 54.6 135.000 1.4
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Table 30 (continued)

ST.# MD ft N/S ft E/W ft TVD ft t e DLS°/100 ft
40 9000 -1275.64 1275.639 8392.884 56.0 135.000 1.4
41 9100 -1334.74 1334.738 8447.784 57.4 135.000 1.4
42 9200 -1394.77 1394.768 8500.627 58.8 135.000 1.4
43 9300 -1455.69 1455.693 8551.38 60.2 135.000 1.4
44 9400 -1517.48 1517.476 8600.012 61.6 135.000 1.4
45 9500 -1580.08 1580.082 8646.495 63.0 135.000 1.4
46 9600 -1643.47 1643.471 8690.802 64.4 135.000 1.4
47 9700 -1707.61 1707.607 8732.904 65.8 135.000 1.4
48 9800 -1772.45 1772.452 8772.778 67.2 135.000 1.4
49 9900 -1837.97 1837.965 8810.399 6 8 . 6 135.000 1.4
50 1 0 0 0 0 -1904.11 1904.11 8845.746 70.0 135.000 1.4
51 1 0 1 0 0 -1970.85 1970.845 8878.797 71.4 135.000 1.4
52 1 0 2 0 0 -2038.13 2038.131 8909.532 72.8 135.000 1.4
53 10300 -2105.93 2105.928 8937.933 74.2 135.000 1.4
54 10400 -2174.2 2174.196 8963.982 75.6 135.000 1.4
55 10500 -2242.89 2242.893 8987.666 77.0 135.000 1.4
56 10600 -2311.98 2311.979 9008.969 78.4 135.000 1.4
57 10700 -2381.41 2381.412 9027.878 79.8 135.000 1.4
58 10800 -2451.15 2451.151 9044.382 81.2 135.000 1.4
59 10900 -2521.15 2521.154 9058.473 82.6 135.000 1.4
60 1 1 0 0 0 -2591.38 2591.38 9070.139 84.0 135.000 1.4
61 1 1 1 0 0 -2661.79 2661.787 9079.376 85.4 135.000 1.4
62 1 1 2 0 0 -2732.33 2732.332 9086.178 8 6 .8 135.000 1.4
63 11300 -2802.97 2802.974 9090.539 8 8 .2 135.000 1.4
64 11400 -2873.67 2873.67 9092.459 89.6 135.000 1.4
65 11500 -2944.38 2944.378 9091.936 91.0 135.000 1.4
66 11600 -3015.06 3015.056 9088.97 92.4 135.000 1.4
67 11700 -3085.66 3085.661 9083.562 93.8 135.000 1.4
68 11800 -3156.15 3156.152 9075.716 95.2 135.000 1.4
69 11900 -3226.49 3226.486 9065.438 96.6 135.000 1.4
70 1 2 0 0 0 -3296.62 3296.622 9052.731 98.0 135.000 1.4
71 1 2 1 0 0 -3366.52 3366.518 9037.605 99.4 135.000 1.4
72 1 2 2 0 0 -3436.13 3436.131 9020.069 1 0 0 .8 135.000 1.4
74 12400 -3574.34 3574.344 8977.81 103.6 135.000 1.4
75 12500 -3642.86 3642.863 8953.11 105.0 135.000 1.4
76 12600 -3710.93 3710.933 8926.051 106.4 135.000 1.4
77 12700 -3778.52 3778.517 8896.647 107.8 135.000 1.4
78 12800 -3845.57 3845.572 8864.918 109.2 135.000 1.4

ARTHUR U K E S U B R W  
COLORADO SCHOOL Of M
GOLDEN, CO 80401
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Table 30 (Continued)

ST.# MD f t N/S ft E/W ft TVD ft t 0 DLS°/100 ft
79 12900 -3912.06 3912.058 8830.881 1 1 0 .6 135.000 1.4
80 13000 -3977.94 3977.937 8794.558 1 1 2 .0 135.000 1.4
81 13100 -4043.17 4043.169 8755.968 113.4 135.000 1.4
82 13200 -4107.72 4107.715 8715.136 114.8 135.000 1.4
83 13300 -4171.54 4171.536 8672.086 116.2 135.000 1.4
84 13400 -4234.59 4234.594 8626.844 117.6 135.000 1.4
85 13500 -4296.85 4296.851 8579.437 119.0 135.000 1.4
86 13600 -4358.27 4358.271 8529.892 120.4 135.000 1.4
87 13700 -4418.82 4418.817 8478.24 1 2 1 .8 135.000 1.4
88 13800 -4478.45 4478.452 8424.512 123.2 135.000 1.4
89 13900 -4537.14 4537.142 8368.738 124.6 135.000 1.4
90 14000 -4594.85 4594.85 8310.954 126.0 135.000 1.4
91 14100 -4651.54 4651.543 8251.193 127.4 135.000 1.4
92 14200 -4707.19 4707.187 8189.491 128.8 135.000 1.4
93 14300 -4761.75 4761.747 8125.885 130.2 135.000 1.4
94 14400 -4815.19 4815.193 8060.413 131.6 135.000 1.4
95 14500 -4867.49 4867.491 7993.114 133.0 135.000 1.4
96 14600 -4918.61 4918.612 7924.027 134.4 135.000 1.4
97 14700 -4968.52 4968.523 7853.195 135.8 135.000 1.4
98 14800 -5017.2 5017.196 7780.66 137.2 135.000 1.4
99 14900 -5064.6 5064.601 7706.464 138.6 135.000 1.4
100 15000 -5110.71 5110.711 7630.652 140.0 135.000 1.4
101 15100 -5155.5 5155.497 7553.271 141.4 135.000 1.4
102 15200 -5198.93 5198.932 7474.364 142.8 135.000 1.4
103 15300 -5240.99 5240.992 7393.98 144.2 135.000 1.4
104 15400 -5281.65 5281.649 7312.168 145.6 135.000 1.4
105 15500 -5320.88 5320.882 7228.975 147.0 135.000 1.4
106 15600 -5358.67 5358.666 7144.451 148.4 135.000 1.4
107 15700 -5394.98 5394.978 7058.646 149.8 135.000 1.4
108 15800 -5429.8 5429.796 6971.613 151.2 135.000 1.4
109 15900 -5463.1 5463.102 6883.403 152.6 135.000 1.4
110 16000 -5494.87 5494.873 6794.068 154.0 135.000 1.4
111 16100 -5525.09 5525.091 6703.662 155.4 135.000 1.4
112 16200 -5553.74 5553.738 6612.239 156.8 135.000 1.4
113 16300 -5580.8 5580.797 6519.854 158.2 135.000 1.4
114 16400 -5606.35 5606.353 6426.614 159.1 135.000 0

171 2 2 1 0 0 -7043.71 7043.709 1101.368 159.1 135.000 0

172 2 2 2 0 0 -7068.93 7068.926 1007.943 159.1 135.000 0
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Appendix B

Minimum Curvature Calculations
Given the kick off point coordinates, inclination, and 

azimuth angles at the kick off point, and the target 
coordinates, the author derived the following equations and 
procedure for ascertaining the minimum curvature which will 
permit the planned trajectory to intersect the' target, refer 
to Figure 41.
Considering the inclination and azimuth angles of the well 
at the kick off point, the unit vector to is calculated with 
the following equation:

E

T V D

w

a) = (sin (p • cos 0, sin<p • sin 9, cosp) (Bl)
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Considering the target coordinates, the unit vector t is 
computed with the following equation:

T = ((NT- NW), (ET-EW),(VT-VW))

T

:b2

Length t is calculated with the 3-D distance formula :

t=,J(NT-NW)2 +(e t - e w )'- +(tT-yifr): :b 3)

The unit vector t is calculated with the following 
equation:

t = (NT- NW),(ET-EW), (VT - VW)'

*  t

(54

Cj



T-4708 134

The angle a is obtained with the dot product of the vectors 
t and ô  :

a = cos"1 (f ■ <y)

The radius is calculated with the following equation:

t
r  =  - — :-------2 x sm or

The arc length is calculated with the following equation:

:b6 )

:b 5
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The minimum dog-leg severity is expressed with the following 
equation:

18000xa
(B8
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Figure 41: Determination Of The Minimum Curvature
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Appendix C

Derivation Of The Mitchell-Sampaio Method
Given the coordinates, north-south, east-west, true 

vertical depth, inclination and azimuth angles of the well 
at the kick off point, and the target coordinates, the 
inclination and azimuth angles at the end of the curved 
section of the wellbore are calculated. Refer to Figure 42. 
The unit vector cô is calculated with the following 
equation:

E

/
/
7

TVQ

w

G) = (sin <j> • cos 6, sin </> • sin 0, cos#) (Cl)
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Based on the target coordinates, the unit vector t is 
calculated with the following equation:

T  = {(NT- NW), (ET-EW), (VT-VW)) C2
T

Length t is obtained with the 3-D distance formula :

W'
t=J(NT-NW)2 +(ET-EW)2 +(VT-VW): :c3

T

The unit vector t is computed with the following equation :

t = (NT- AW ), (ET- EW), (VT-VW)

GJ

C4)
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The angle a is calculated with the dot product of the unit 
vectors t and â :

a  = cos" (f • Ô) t  <C5)

The radius of the circular arc is obtained with the 
following equation :

r = 18000
nxDLS

(C6)

Lengths e, fz d, and k calculations are :

e =
sm a

f - e cos a :c8)
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d-ylt2 +r2 -  2 x r  x /co sa

W

C9

T

k = yld2 -r2

c

(CIO

T

The coordinates of the center of the target, C, are computed 
with the following equation:

C = W  + et-fê

W c

f (C11)

M

Calculation of the angle (3 with the law of cosines is :

P  = cos-1 r2 +d2 -t 
Ixrxd j

(C12 )

T
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The angle X is calculated with the following equation :

c
k -cos I  — MJ V

(C13 )

T

The angle y is calculated with the following equation:

T

:ci4

If the length f  is negative, then the angle y is calculated 
with the following equation :

y = 2 x - ( P  +X) C15
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The unit vector between the center of the target C and the 
kick off point W is given with the following equation :

c -
'w-c'
\ r ) w

r
C (cie:

The coordinates of the end of the curvature, are calculated
with the following equation:

C

E  - C  +rcosy x c + r  sin?' x # (C17 )

The unit vector between the end of the curvature and the 
target and its north, east, and true vertical depth 
components are computed with the following equations :

s =
rT - E '
< k y

E

:ci8)
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'v t - v e 'sv = E C19 )

se =
r ET-EE^
\ K J

E

T

(C20)

'NT-NE^
sn = E

T

(C21 )

The inclination angle calculation is :

cj) = cos 1 (sv) (C22)

The azimuth angle calculation is:

9 = tan 1 sn (C23)
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Figure 42: Planning A Three-Dimensional Well Trajectory
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Appendix D

Derivation Of The Sampaio Interpolation Method
Sampaio suggested a method that computes the 

rectangular coordinates, inclination and azimuth angles of 
intermediate points along a three-dimensional curved section 
of the wellbore. Given the kick off point coordinates, 
inclination, azimuth, the vector C , and the desired 
measured depth along the curvature, the rectangular 
coordinates, inclination, and azimuth can be determined at 
the desired measured depth. Figure 43 depicts the 
interpolation drawing. The vector 7 represents the 
rectangular coordinates at the desired measured depth 
interval. The vector 7 can be determined for any angle r\ 
between 0° and 360° by the following procedures :
The angle r\ is calculated with the following equation:

MD k o p  r

AMD - MDkop (Dl)

I = c + x r x cos 7] +  r x sin tj x c j (D2)
\ r J
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Simplifying equation (D2), we obtain the following 
expression for 7 :

/  = (1 -  cos 77) x C + cos tjxW + r x sin 77 x <y D3

Taking the derivative of the vector I and dividing by the 
radius, the unit vector ê is obtained.

2 (77) = 1 <#(77)
r df]

e -  cos7 7 x 6 ) -  sin7 7 xc

:d4

:d s:

ev -  cos 77 x {VT- VW) -  sin 77 x (VJV-FC) D 6
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en = cost] x (NT- NW) - sinr) x (NW -  NC) (D7)

ee = c o s î]  x  ( £ 7  -  £ P F )  -  s in r | x(EW-EC) (D8)

Calculation of the inclination angle at the desired measured 
depth at the curved section of the wellbore.

<J), =cos l(ev) (D9)

Calculation of the azimuth at the desired measured depth at 
the curved section of the wellbore.

0 .  =  ta n -i ee
enJ

(DIO)
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Figure 43 : Interpolation Along The Curved Section 
Of The Well Trajectory



T-4708 149

Appendix E 
Sample Calculations

Given the following data

N/S ft E/W ft TVD ft 0-e- 0° D L S

KOP 0 0 300 10 150 3

1st Target 1500 -1500 4000 ? ? 4
2nd Target -2500 2500 7000 ? ?

Calculation of the inclination and azimuth angles for the 
first and second targets.
A) Minimum curvature calculations
Calculation of the unit vector oS :

cd = (sin <|> • cos 0, sincj) • sin0, coscj) )

(ùN/s = sin(10)x cos(150) =-0.1504

co£/̂  = sin(10)x sin(150) = 0.0868

(ùv = cos(10) = 0.9848
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Calculation of the unit vector t :

t =yl(NT-NW)2 +(ET -EW)2 + (VT - VW)

r = V(1500-0)A2 +(-1500-0)A2 +(4000-300) 2 = 4264.97

(1500-0)
tN/s~ 4264.97 " 0.3517

(-1500-0)
tE/w~ 4264.97 --0.3 517

(4000-300)
ty ~ 4264.97 ™ 0 *8675

Calculation of angle a : 

a = cos-1 (f-co)

a = cos"1 ((0.3517 x (-0.1504)) + (-0.3 517 x 0.0868) + (0.8675 x 0.9848)) = 39.5632' 

Calculation of the radius :

t
r — ------

2 x  s in  a
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4264.97
r ~ 2x  sin(39.5632) = 3 3 4 8  ' f t

Calculation of the minimum dog-leg severity 

18000
DLSm,n =

r x n

18000
DLS-  = (3348.x3.14) ■ 1 - 7 1 2 1  / 1 0 ° f t

Since the desired dog-leg severity is greater than the 
minimum dog-leg severity, the design parameters are 
practical and the planned path will intersect the target.

B) Calculation of the inclination and azimuth angles for the 
first target

Calculation of the radius

18000
r = ------ = 1910.828 ft3.14x3.0

Calculations of length e, f, d, and k

r
e = —-----

s in  a
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1910.828 
sin 39.5632

/  = ex  cosa

/  = 3000.06 x cos 39.5632

d = y lr2 +r 2 -  I x t x r x  sin a  

= V4264.97"2 +1910.828 2 - 2  x.4264.97 x 1910.828x sin 39.5632

k = yld''1 - r * 2 

^ = a/3385.2''2 -1910.828"2

Calculation of the vector C :

C = W  + e x  t — f  x g o

3000.06 ft

2312.82 ft

3385.20 ft

2794.37 ft

CN!S =0  + 3000.06 X (0.3517) -  2312.82 x (-0.1504) 

CEjw = 0 + 3000.06 x (-0.3517) -  2312.82 x (0.0868) 

Cv =300 + 3000.06 x (0.8675) -  2312.82 x (0. .9848)

= 1402.92 ft 
=-1255.92 ft 
= 624.89 ft



T-4708 153

Calculation of angles p, X, y :

p = cos-1 ^1910.8282 +3385.22 -4264.972  ̂
2x1910.828x3385.2

= 103 .

X = cos-i

X = cos-i ( 1910.8281 
I 3385.2 J

= 55.635*

y = p -X

y = 103.768-55.635 = 48.133°

Calculation of the unit vector c :

c = rw-c^
\ r J

C 17 /c -
0-1402.92

N,s V 1910.828
=-0.734

'E IW

0-(-1255.92) 
I  1910.828

= 0.657

C E !W  ~

"o-624.89" 
v 1910.828 J =-0.170

768°



T-4708 154

Calculation of the vector E  :

E = C + r  x cosy x c  + r x  sin y x  co

Enis = 1402.92 + 1910.828 x  cos(48.133) x  (-0.7342) + 1910.828 x  sin(48.133) x  (-0.1504) 

Enis = 252.70 ft

Ee/w = -1255.92 + 1910.828 x  cos(48.133) x  (0.6573) + 1910.828 x  sin(48.133) x  (0.0868) 

Eeiw =-294.12 ft

Ev = 624.89 + 1910.828 x  cos(48.133) x  (-0.17) +1910.828 x  sin(48.133) x  (0.9848)

Ev = 1809.45 ft

Calculation of the unit vector s :

SN /S  ~

S E!W ~

^1500-252.70
2794.37

1500-(294.12) 
 ̂ 2794.37

Si/ — 4̂000-1809.45^
2794.37 J

= 0 . 4 4 6 4

= - 0 . 4 3 1 5

= 0 . 7 8 3 9
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Calculation of the inclination angle going to the target :

<|) = cos 1 (X  )

<|> = cos" 1 (0.7839) = 3 8 .3 7 9 '

Calculation of the azimuth angle going to the target :

0  = tan-i
f \ 

SE!W

\ S N!S '

® C A L C T ~
-1 -0.4315 

I  0.4464
= -44.032

0 =360+(-44 .032) = 3 1 5 .9 6 7

If sEfW (negative), and sN/s (positive) ,-Then, 0=271+0CALCT.

If sEIW (negative) , and sNts (negative) ; Then, 0= n + 0 CCALCT

If sE/w (positive), and sNIS (negative) ,-Then, 0=71 +0C4/,CT.

If sEIW (positive) , and sN/s (positive) ; Then, 0=0 CALCT.
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To design the trajectory for the second target, we set 
the position and direction of the first target (i.e. N/S, 
E/W, TVD, inclination and azimuth angles) to be the kick off 
point coordinates. A new dog-leg severity of 4°/100 ft is 
selected to design the trajectory for the second target. The 
inclination and azimuth angles for the trajectory of the 
second target are calculated by repeating the same 
calculations used to design the trajectory of the first 
target.

By repeating the above calculations, the inclination 
and azimuth angles were calculated.

0 = 135.208°

(|) =81.687°


