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Abstract

This study focuses on building a systematic method for the subsea field layout
optimization with the aim of minimizing the overall field development cost. The subsea
field layout optimization is a very complex problem which mainly includes well
trajectories, location-allocation of subsea facilities (mainly the manifolds), flowline and
umbilical routing, and location-allocation of drilling sites. Because the function of
flowline and umbilical is to connect the well heads and subsea facilities, we simplify the
flowline and umbilical routing as a cost function into the location-allocation of subsea
facilities. Hence the complex problem is divided into 3 sub-problems: the “1-site-n-wells”
problem, the “location-allocation of manifolds” problem and the “k-sites-n-wells”
problem.

We extend the original 2D Dubins Curve to the 3D drilling scenario to solve the “1-
site-n-wells” problem where we can find the best drilling site location and the wellbore
trajectories for multiple wells to be drilled from the same drilling site. A binary linear
programming (BLP) method which guarantees the global optimum with extreme high
efficiency is created to solve “location-allocation of manifolds” problem. The 3D Dubins
Curve method and the BLP method are then systematically combined to solve the “k-
sites-n-wells” problem. Thus, the systematic method for the subsea field layout
optimization is built, and the method has the flexibility to handle various user-defined
cost and constraints.

Abundant case studies and a real field data test provided by a SUBPRO industrial
partner validate the correctness and the advantage of our method both in accuracy and
efficiency.

We are confident that our method will benefit the petroleum industry in the future
and the BLP method will have a wider application in various areas where the problems

can be deduced as a size-constrained clustering problem.
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Chapter 1. Introduction

Chapter 1. Introduction

1.1 Background

Industry benchmarks show a significant increase in oil and gas field development
cost over last decade. The cost challenge is much harsher in subsea field development.
According to the report [1] released by Norway’s Oil and Gas Technology Strategy for
21% Century (OG21), the subsea cost tripled from the year 2005 to 2013. Taking the low
oil price and its volatility into account, it’s crucial to cut the subsea field development
cost to maintain the industry profitability.

Subsea field development involves quite a complicated procedure where the layout
design plays one of the most important roles to cut the overall cost. From the reservoir to
the topside facility, the subsea field layout design mainly includes well trajectories,
location-allocation of subsea facilities (mainly the manifolds), flowline and umbilical
routing, location-allocation of drilling sites, etc. Generally, the design starts from a set of
completion intervals provided by geologists and reservoir engineers. We need optimize
the number of drilling sites, economically determine which intervals should be drilled
from the same drilling site and find the best locations for these drilling sites; meanwhile,
for the subsea facilities on the seabed, we need optimize the number and the locations of
manifolds and their connections to the wellheads to minimize the flowline/cable cost. To
minimize the overall field development cost, we need not only a method to achieve the
optimum in every single designing phase, but also to find the interrelationships of cost
within all these phases.

Research on the related topic can date back to 1970s [2, 3], where the well
construction cost was simplified as a function only related with horizontal distance. In the
following decades, quite a few optimization models emerged with different conditions
taken into consideration [4-12], and the scope of the optimization model has already
reached so large that recent work [7-10] started to focus on maximizing net present value
(NPV), rather than minimizing development cost. No matter how big the scope is, the
layout optimization problem can be mathematically described as a mix-integer nonlinear
problem (MINLP), but normally we can only get a local optimal solution of the MINLP
model by heuristic algorithms within affordable time. Practically, engineers always
reduce the problem to a mix-integer linear problem (MILP) or a mere integer linear

problem (ILP) by giving some good options empirically. However, the reduced



Chapter 1. Introduction

MILP/ILP model based on experience cannot guarantee the global optimum, either.
Based on data published by the Norwegian Petroleum Directorate [13], the annual sum
of investments and exploration costs in Norway is around 200 billion NOK. Hence, there
is no doubt that the gap between the global optimal layout and the current optimal layout

our industry can achieve is very lucrative.

1.2 Objective

The objective of this study is to develop a systematic method for subsea layout
optimization to minimize the overall cost. In details, once the completions intervals, cost
items and engineering constraints are given, the following parameters need to be
optimized:

1. number of drilling sites

2. location of drilling sites

3. allocation of drilling sites to completion intervals

4. well trajectories

5. number of manifolds

6. location of manifolds

7. allocation of manifolds to well heads.

As the cost of flowline and umbilical is almost determined once the locations of
facilities and engineering requirements are given, this study does not involve detailed
optimization for the routine of flowline and umbilical, the cost of flowline and umbilical
treated as a user-defined cost function involved in the location-allocation problem of
manifolds. The focus of this study is providing an efficient optimization method for the
subsea field layout design. Many engineering details may be reasonably simplified for a

better and clearer demonstration of the core ideas of the method.

1.3 Related Publications and Main Contributions
This research has generated a series of three papers titled as “subsea field layout
optimization”[14-16], published with Open Access in the Journal of Petroleum Science
and Engineering, which is the top-1 journal in petroleum engineering according to JCR™
(Journal Citation Reports). The main contribution is that it provides a systematic method
with high efficiency to optimize the subsea field layout with the aim of minimizing the

overall field development cost. In details, it provides much more efficient methods with
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high accuracy for the two basic technical problems --- the well trajectory design and the
continuous spaced location-allocation problem --- along with the process of combining

the two methods to solve the practical subsea field layout optimization problem.

1.4 Thesis Structure

This is a paper-based thesis, the content of the following chapters is summarized as
follows:

Chapter 2 introduces how the subsea field layout optimization problem is divided
into sub-problems along with their backgrounds.

Chapter 3~5 introduce the technical details of solving the three sub-problems, along
with case studies.

Chapter 6 introduces the real field test provided by Equinor.

Chapter 7 concludes this study with suggestions for future work.






Chapter 2. Problem Description and Breakdown

Chapter 2. Problem Description and Breakdown

Even there are as many as 7 parameters need to be optimized, as listed in the Section
1.2, we can simply divide the problem into two parts: the location-allocation problem of
drilling sites and the location-allocation problem of manifolds. As the cost of flowline
and umbilical is simplified in this study, the location-allocation problem of manifolds just
needs a good method for the continuous spaced location-allocation problem. The
location-allocation problem of drilling sites will require the directional well trajectory
planning in addition.

Therefore, the subsea layout optimization problem is broken down into the following

three sub-problems:

2.1 Sub-problem 1: “1-site-n-wells”

The “1-site-n-wells” sub-problem can be summarized as follows: given several well
completion intervals along with the engineering constraints such as the dogleg severity
and drilling site location constraints, all wells are drilled from the same drilling site, find
the optimal drilling site location so that the cost of all the wells is minimized.

If we peel off this sub-problem deeper, it will be “1-site-1-well” where we need to
find the trajectory when the completion interval and the drilling site location are both
given. This is essentially a directional well trajectory planning problem. Directional well
trajectory planning is one of the most difficult tasks in field development because of too
many different types of constraints and the unpredictable incurring cost. But statistically,
the well drilling cost is almost linearly related with the trajectory length. The work of D.
S. Amorim Jr. [17] reveals that the cost per meter always converges to a stable value as
the well length increases, proving the statistically linear relationship between the drilling
cost and the wellbore length. Based on the statistical result, the optimal trajectory can be
considered as the shortest trajectory with curvature constraints. Even though, practically,
the shortest trajectory may not be the optimal because of the complex downhole situations,
it’s still the design basis for well planning.

The curvature constrained method for well trajectory optimization dates back to the
early 1970s[18, 19] when directional drilling technology started to develop. Since then,
it has evolved several types of curves [20-27] for the well trajectory, including the circular

arc, the polynomial spline, the catenary and the clothoid or the Euler spiral. However, all
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these decades, the drilling industry seemed to overlook the Dubins Curve [28] which
exactly gives the shortest curvature-constrained path between two directional points in
2D given that the moving direction is forward only.

Dubins concluded that the shortest path is made by joining circular arcs of maximum
curvature and a straight line, which was later proved by Johnson [29] by using
Pontryagin's maximum principle. In details, the Dubins Curve is comprised of two
families which are the CCC and CSC, where “C” stands for circular arc, and “S” stands
for straight line. The CCC family consists of RLR and LRL, where “R” stands for right
turn, and “L” stands for left turn. The CSC family consist of RSR, RSL, LSR, LSL. The
shortest path is one of the six patterns, as shown in Fig. 2.1. While extending the original
2D Dubins Curve into 3D, Sussman[30] pointed out a situation when the two points are
too close, the optimal path should be helicoidal which can be regarded as a special CCC
pattern. Till now, the Dubins Curve has already matured in the autopilot industry for path
planning of cars, robots, UAVs, AUVs, etc [31-36].

The drilling process is almost the same as the piloting process, and the well trajectory
planning is essentially a path planning. Obviously, CCC family is not suitable for drilling
because of the large turning angle in the trajectory. Hence, here in this study, we will
extend the CSC patterns of the original 2D Dubins Curves into 3D as the optimal well
trajectory for well planning. The property of Dubins Curve not only guarantees the
shortest path but also minimizes the length of curved section. Consequently, the straight
section of Dubins Curve avoids higher inclination angles than necessary. All these
features are beneficial for drilling.

By adopting the Dubins Curve for the optimal wellbore trajectory, we can then use
gradient descent method to determine the optimal drilling site for a cluster of wells or to
design a multilateral well to reach several completion intervals. In the Chapter 3, we will
show the feasibility and efficiency of our well trajectory planning method which
combines the Dubins Curve strategy and the gradient descent method in solving the “1-
site-n-wells” problem. Wider application of the method will also be discussed after the

Case Study.
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[
Xy Xy
(a) CSC-RSR (b)CSC-LSL

|
|
Xy

(d) CSC-LSR (e)CCC-LRL (F)CCC-RLR
Fig. 2.1 Patterns of 2D Dubins Curve
(modified based on [36])

2.2 Sub-problem 2: location-allocation of manifolds
A manifold is a subsea facility like a hub used to collect the production from several
different wells. Based on the number of connection slots on the manifold, there are many
types such as: 2-slot, 4-slot and 6-slot, etc. The 4-slot manifold is the most widely used

in Norway.
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Given the locations of the wellheads on the seabed, we must optimize the locations
of the manifolds and the connection relationship between manifolds and wells so that the
tie-back flowline costs can be minimized. This is the meaning of the “location-allocation”.
More specifically, this sub-problem is a continuous spaced location-allocation problem
as the manifold can be located anywhere rather than a set of location options.

The location-allocation problem of manifolds, which directly affects the flowline
cost, has always been treated as a MINLP or an ILP when there are explicit location
options for the facilities [37-44]. The MINLP is an easy way to describe the real-world
problem in a mathematic language, however finding the global optimal solution to the
model is an NP-Hard problem which can easily exceed the time we can afford. Hence,
practically, engineers use heuristic algorithms [44], such as the simulated annealing (SA)
algorithm [39] or the genetic algorithm [41], to search a good local optimum; or give
several good location options for the manifolds based on their experience and knowledge,
to reduce the MINLP model to an ILP model. Nevertheless, the global optimum can no
longer be guaranteed.

As we want to achieve the minimum in flowline cost, it is easy to come to the classic
Minimum Spanning Tree (MST) problem. Indeed, if we do not consider the influence of
flowline maintenance on the production in the future, the classic MST algorithms [45, 46]
or dynamic MST algorithms [47] can give us the optimum solution of the minimum cost.
However, practically, we cannot afford to let too many wells depend on the same flowline
in case of the production suspension due to maintenance or any emergency. Besides,
different production fluids may not be suitable to be mixed and transported in the same
flowline. Therefore, it is conventional in the industry to just connect several wells together
to a manifold which is then connected to the topside facilities. A carefully designed MST
algorithm with the practical issues taken into consideration may exist and completely
break away from the industrial conventions, but it is outside of the scope of this study.

Considering the conventional layout, we propose to regard the location-allocation
problem as a size-constrained clustering problem and solve it with the help of graphic
theories. It should be noted that, changing the perspective on this layout optimization
problem does not change the NP-hardness for finding the global optimum: the well-
known K-Means algorithm [48, 49] for clustering problem cannot fulfill the size
constraint, besides, it cannot guarantee the global optimum; the exact size-constrained 2-

clustering [50, 51] algorithm is a very efficient algorithm which generates the global
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optimum, however, it’s only suitable for dividing data points into 2 clusters; Zhu’s work
[52] which converted the size-constrained clustering problem into a ILP model, actually
revealed the hardness equivalence.

Even though this new perspective does not change the NP-hardness, the concept of
clustering enlightened us to build a much more efficient algorithm to achieve the global
optimum for this NP-hard problem, making it practically feasible to solve a much larger-
scale problem. Briefly, our algorithm takes the advantage of Delaunay Triangulation to
linearize the MINLP model into a binary linear problem (BLP) model without increasing
the magnitude of variable number compared to the original MINLP’s. In the Chapter 4,
we elaborate our method for a simplified version of this NP-hard problem where there is
only one type of manifold so that it will be easy for readers to understand our method
completely. In the case study, the comprehensive comparison to the previously published
methods and the commercial MINLP solver in LINGO, which has matured for about 40
years, shows the great advantage of our method. In the further discussion, we introduce
how to use our method to deal with several types of manifolds and many other practical

scenarios.

2.3 Sub-problem 3: “k-sites-n-wells”

When wells are drilled from the same drilling site, they are gathered by a template
on the seabed. Otherwise, they are set as satellite wells. The conventional template
specification based on the maximum number of connected wells includes 2-slot, 4-slot,
and 6-slot. The slot of the template can be left vacant, for example, a 4-slot template can
be used to connect 3 wells together. Normally, one m-slot template wellhead costs less
than the sum of m satellite wellheads. The template specification of more slots is available
but not popular because connecting too many wells together tends to make the increment
of the drilling cost exceed the saved cost from less rig mobilization times and number of
templates.

As the name indicates, the “k-sites-n-wells” problem requires us to determine the
optimal number of drilling sites along with their locations and allocations to the given set
of well completion intervals. Compared to the “I-site-n-wells” problem, this problem is
much more complex because of the combinatory problem involved. Currently, there is no

good solution to such a problem in the industry. Practically, engineers are required to
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manually input the combinations filtered based on their experience to find out the best.
Such a process is quite tedious, and it cannot guarantee the global optimum.

In this study, we have successfully developed a method which systematically
combines the methods for solving the Sub-problem 1 and Sub-problem 2 for the complex
“k-sites-n-wells” problem. Our method can guarantee the global optimum with extremely
high efficiency. The details of our method are elaborated in Chapter 5, along with

abundant case studies.
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Chapter 3. Solution to Sub-problem 1: “1-site-n-wells”
3.1 Mathematical Description

Given k well completion intervals, k € Integer® , each completion interval is
defined by its start point P, = (sz,,.,Pyz’l.,Pzz’[) and the drilling direction vector
V,.,= (szﬁi,Vym, sz,;) where Vz,, <0 to ensure the direction is not upward; the highest
allowed kickoff point A, = (Px,, Py,, Pz ;) for every wellbore should be at the depth of
Z,m,ie, Pz,=7,<0,ie{l, 2, .., k}. The drilling direction vector at every kickoff
point is vertical downwards ¥, =(0,0,~1). The maximum allowed turning rate/dogleg

oo . - . o 5400
severity is x °/30 m, i.e., minimum allowed turning rate radius is r,, = —— m. The cost

K
of a wellbore trajectory can be a user-defined function related with the trajectory structure

following the form as COST = cstC(Lc)+cstS(Ls,6), where Lc is the length of non-

straight section, Ls is the length of straight section, 8 is the deviation angle of the straight

section; cstC(Lc) is the cost function of non-straight section which is continuous and

destC(Le)

>0; cstS(Ls,0) is the cost function of
O0Lc

positively correlated with Lc, i.e.,

straight section which is continuous and positively correlated with Lc and 0, i.e.,
6cstS(Ls,0) GcstS(LS,H)
———>0and ———=>0

OLs o6

The objective is to find the optimal drilling site D :(Px,,Py,,0) to drill multiple

wells from one drill site such that they can reach all completion intervals with the total

cost of all trajectories minimized while fulfilling the dogleg severity constraint.

3.2 Basic Assumption and Simplification
1. The formation underground is drillable in all directions.
2. The surface for the drilling site is a horizontal plane z=0.
3. Every completion interval is reasonable, so that it is easily reachable. For example,
if the maximum allowed turning rate/dogleg severity is 1.5°/30 m, i.e., the minimum

curvature radius is » = 1145.9 m, while the start point of the completion interval is too
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shallow at Pz, =-1000 m, and the vector is required to be horizontal V, = (-1,0,0), then

such a completion interval is considered as unreasonable, because we cannot reach such
a completion interval with an easy trajectory as we have to drill below the interval depth
and then drill upwards even if the wellbore starts to kick off at the surface, unless we
reduce the turning rate radius, i.e., increasing the dogleg severity. As shown in Fig. 3.1.
4. For wells drilled from one drilling site, the difference within the exact locations
of wellheads is quite small, hence we can consider all wellheads’ locations are the same

as the drilling site location.

dogleg severity: 1.5°/30m; [

-200

horizontal completion interval depth
-1000m

-1200 L I L L I L L I L
0 200 400 600 800 1000 1200 1400 1600 1800 2000

X

Fig. 3.1 Unreasonable Well Completion Interval for a Given Dogleg Severity

3.3 Method
3.3.1 Mathematical Model

This optimization problem can be divided into two levels. The first level is to find
the optimal trajectory of minimum cost when the completion interval ( £,, V,) and highest
allowed kickoff point (7}, V) are both given:

Obj. min[ COST(R.V,,P,,V,,r)]
:min[cstC(Lc)+cstS(Ls,9)] -1
s.t. r2r..

The Equation (3-1) cannot implicitly tell which parameters should be taken as the

OcstC(L
variables to be optimized to achieve the objective. Given CST(C)> ,
¢

acstS(Ls,H)
OLs

acstS(Ls,H)

>0 and >0, the objective can be converted into Equation
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(3-2) if Lc, Ls and @ can reach minimum at the same time with the » constraint. It

should be noted that Lc, Ls and @ are function of (R,V,,R,,V,,r), for convenience, we

just write as Lc, Ls and 6 rather than Lc(R,V,,R,V,,r), Ls(R,V,,P,V,,r) and

1>%2° 1542

O(P.V,.B.V,ur).

Obj. min [cstC(Lc) + cstS(Ls, 9)]

=cstC(min(Lc))+cstS(min(Ls),min(6’)) (3-2)

S.t. r2r..

The Dubins Curve which starts from the highest allowed kickoff point to the start

point of completion interval just fulfills the Equation (3-2). Practically, the curved

acstC(Lc) . 8cstS(Ls,(9)
O0Lc OLs

wellbore section is more costly than the straight section, i.e.,

>

hence minimizing the curved length is prior compared to minimizing the straight length
in cutting the overall cost. While ensuring the curved length L, to be minimum, the
Dubins Curve also minimizes the total length of the curve L, + L_ between two directional
points, i.e., L is minimized as well. What’s more, Dubins Curve makes the straight
section to be less inclined in our drilling scenario where ¥, =[0,0,-1], which means &

is also minimized. Hence the solution of the first level optimization problem is to find the
Dubins Curve, and the Equation (3-1) becomes equivalent to Equation (3-3). The
Equation (3-3) is just to find out the Dubins Curve given (B,V,B,V,,r). In Section
3.3.2, we will see that finding the Dubins Curve is solving a set of three transcendental
equations.

Obj. min[ COST (R,V;,P,.V,,r)]

= cstC(Lc) +cstS(Ls, 6’)
S.t. rxr, (3-3)

Le, Ls,0 € DubinsCurve
Pz =7

The second level is to find the optimal drilling site D : (Px,, Py,,0) so that the total
cost of all optimal lateral trajectories is minimum, given all the completion intervals( 7, ,
V,.) , the highest allowed kickoff points’ depth Pz, =Z; and their directions V), .

Compared with the first level problem, the x and y components of highest allowed
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kickoff point (Px,, Py,) becomes the unknown variables that need to be optimized. As

shown in Equation (3-4), the second level optimization is the model for solving the whole

“1-site-n-wells” problem.

k
Obj. min » COST(P,V,,P,.V,,r)

D:(Px,,Py|) pary i

k

= min Z[cstC(Lc)i+cstS(Ls,9)J

Di(Px,Py) <= i
s.t. A 3-4)
Le,, Ls,,0, € DubinsCurve
Pz, =2,

For each lateral trajectory Vi € {1,2,...,k} , once the drilling site D : (Px,, Py,,0) and
the highest kickoff depth Z, are given, we can obtain the minimum
COST (P, Vl,Pz,Vz,r)l_ from the first level optimization whose constraints also fulfill the
second level optimization. Hence by gradient descent, we can optimize the unknown
variables (Px,,PyI) to achieve the objective, i.e., to find out the optimal drilling site to

minimize the total cost. By using the MATLAB built-in function “fmincon”, we can

easily solve the model.

3.3.2 3D Dubins Curve for Wellbore Trajectory
The original Dubins Curve [28] only solves the 2D scenario, for the 3D well planning

scenario, we can derive it as follows. Given the highest allowed kickoff position

B :(Px;,Py,,Pz) and direction vector ¥, =(0,0,-1), the well completion interval
P, :(Px,, Py,,Pz,) and direction vector V,, = (szyi,Vyzvi,sz’i) ,as shown in Fig. 3.2, C,

is the end point of the first circular section, i.e., build-up section. C, is the start point of

the second circular section which can be either the continued build-up section as shown
in Fig. 3.2(a) or the drop-down section as shown in Fig. 3.2(b) and (c). In certain cases,

C, can coincide with A, C, can coincide with P,. Another property of Dubins Curve is

that the minimum allowed curvature radius value is the radius value of both circles:

r= ’;nin (3-5)
Denote the straight section vector, which is unknown, as
T=CC,=Tx,Ty,Tz) (3-6)

The unit vector of T is
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(=L
I71

The vector perpendicular to the first circular plane is

U =TxV,

The radius vector oriented from F, towards O, is

Q, =V, xU,
The unit vector of €, is
o=
el

Hence the center of the first circle is
O =F+r-o

The radius vector oriented from C, towards O, is

O, =TxU,
The unit vector of @, is
D
¢ =—L
-

Therefore, the point C; can be expressed as
C=0-r-¢
Similarly, we can get ,, O,, ¢,, and then the point C,

C,=0,-r-¢,

Use the definition of 7 to get the three unknown variables (7x,7y,7z)

T=C,-C

(3-7)

(3-8)

(3-9)

(3-10)

(-11)

(3-12)

(3-13)

(3-14)

(3-15)

(3-16)

The Equation (3-16) , where C, and C, are functions of 7, is a set of 3

The turning angle on each circular plane

transcendental equations with 3 unknown variables (7x,Ty,7z) . It is almost impossible to
get the explicit analytical expression for (7x,7y,7z) from these transcendental equations,
but we can use gradient descent algorithm to obtain their values. This can be done by

using the MATLAB built-in function “fsolve”. After T = (Tx,T Y, T z) is calculated from

Equation (3-16), we can calculate the other geometric parameters of the 3D Dubins Curve.
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V.-T
y, =ZPO,C :arccos{l—J
o 1721171

vV, T
v, =2ZP0O,C. =arccos(2—J
o 721171

The length of each circular section
L,=y r; L,=y,-r
The total curved length is the sum of two circular section
Le=L,+L,
The length of the straight section
Ls=|]

(3-17)

(3-18)

(3-19)

(3-20)

(3-21)

The calculation process not only gives us the optimal trajectory, but also tells if an

assigned drilling site is suitable to drill to the completion interval. As shown in Fig. 3.2(c),

when it requires the trajectory to turn around, i.e., y, is bigger than 90°, we may consider

that drilling site is not so suitable even it is feasible.

(@
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(b)

Fig. 3.2 3D Dubins Curve for Wellbore Trajectory

3.4 Case Study
In this section, we first test on some special cases where the human intuition can tell

the correct results to validate our method. Then we demonstrate the results for more
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complex general cases. For demonstration, assign the user-defined cost functions in a

simple but reasonable form as follows:
cstC(Lc) =2Lc (3-22)
cstS(Ls,0) = (1+sin @) Ls (3-23)
Such cost functions indicate that the circular well trajectory is more expensive than

straight trajectory because 2 >1+sin 8 ; besides, the vertically straight well trajectory is

cheaper than the inclined trajectory because 1+sinf>1, where 6 I:O,%}. Of course,

the users can assign their own cost functions as they like provided the functions are

8cstC(Lc) >0 acstS(Ls,H)

0Lc OLs

continuous and fulfill the requirements that >0 and

8cstS(Ls,6’) .
00

0.

As for the computational time, it will be trivial to report the exact time for each case,
because it only takes several seconds for a case without plotting the optimal cost
distribution figure, coded by MATLAB, and conducted on an Intel i5-4210U CPU. Such
a short time on such an old CPU bespeaks the efficiency of the method, and we believe
there is still space for improvement in algorithms and codes.

3.4.1 Case 1: validation cases

In the validation cases, we assign representative values for the input parameters so
that it’s more convenient for us to have the correct intuition results and then to compare
with the numerical results generated by our method. The initialization of the drilling site
location for the gradient descent algorithm is set as (1, 1) for all the following validation
cases.

Case 1.1

For a single well completion interval, the best drilling site should be vertically above
the point where the tangent vector of the circle tangential to the completion interval is
straight upwards. In such a case, the optimal trajectory is a 2D curve, and there is only

one curved section, i.e., P and C, coincide. As shown in Table. 3-1 and Fig. 3.3. The

tiny numerical error is induced by the gradient descent computation.
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Table. 3-1 Case 1.1

C Input Parameters Optimal Drilling Site (Px1, Py1)
ase P> Vs Pz; | rmin Intuition Numerical
@@ | (0,0,-4) (-1,0,0) -1 1 (1,0) (1.0000, —9.3944x10™")
1 1
() |(0,0,-3.5) (-1,-1,0) -1 1 (—,—j 0.7071, 0.7071
nh ( )
1
(©) 0,0,-4) (—1, 0, _ﬁj -1 1 (0.5, 0) (0.5000, —6.9746x107)
-1 P1
15
;
-2
N 25

(b) (c)
Fig. 3.3 Optimal Drilling Site and Well Trajectory for Case 1.1

The optimal cost distribution of a drilling site where Px,, Py, €[-2,2] is shown in

Fig. 3.4. The position resolution of the figure is 0.1. The blank area, as shown in Fig.
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3.4(b), indicates that if the drilling site is located there, then the completion interval

cannot be reached easily at the given turning rate constraint. In other words, a CCC family

of Dubins Curve is required. From the figures we can see how the well completion

interval affects the cost distribution.

0.5
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0
X
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Fig. 3.4 Optimal Cost Distribution for Case 1.1

For an even number of well completion intervals distributed symmetrically to a

vertical line, the best drilling site is the cross point of the vertical line and the surface

plane. As shown in Table. 3-2 and Fig. 3.5.

The optimal cost distribution of a drilling site where Px,, Py, €[-2,2] with the

position resolution of 0.1 is shown in Fig. 3.6. From the figure, we can see the

symmetrical property of the cost distribution corresponding to the symmetry of the well

completion intervals. The case 1.2(a) is not just axis symmetric, but also symmetric to x-

20
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plane and y-plane, hence the cost distribution is not just an odd function, but also an even

function. While the case 1.2(b) is only axis symmetric, hence the cost distribution for case
1.2(b) is just an odd function.

Table. 3-2 Case 1.2

Input Parameters

Case Optimal Drilling Site (Px1, Py1)

P, 2.0 Vzﬂi Pz i Fmin Intuition Numerical
() (2,0,-4) (1,0,0) | -1 1
(:2,0,-4) |(1,0,0)] -1
2.0, [(1,0,0] -1
(b) ((l'é’?"f% (('01’10’(?)) _ils 5 (00 | (-1.8422x107", 3.0342x107°)
(15,-1,-7) [(0,-1,0)[ -1.5 | 15

(0, 0) (0.0000, 0.0000)

— | [ —

(a) (b)

Fig. 3.5 Optimal Drilling Site and Well Trajectories for Case 1.2
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Fig. 3.6 Optimal Cost Distribution for Case 1.2

3.4.2 Case 2: general cases
In the general cases, we use a more realistic set of completion intervals, generated
by manipulating data from a real field as shown in Table. 3-3. Highest kickoff point for
all laterals is Z,=-300m.

Table. 3-3 Completion Intervals in Case 2

Interval Start Point P End Point L
No. of Interval of Interval Direction Vector V2,
1 (410.90, 209.89, -3850.27) (413.54,211.37, -3879.12) (2.64, 1.48, -28.85)
2 (3011.47,2098.01, -4368.09) | (2995.05, 2087.54, -4376.20) [(-16.42,-10.47, -8.11)
3 (1784.37, 763.80, -4179.39) | (1789.20, 767.85, -4207.38) | (4.83, 4.05, -27.99)
4 (1475.43, 789.75, -2066.32) | (1482.84, 793.68, -2071.76) (7.41,3.93,-5.44)

Case 2.1

If the maximum allowed turning rate/dogleg severity is only 2°/30 m, i.e., minimum
allowed turning rate radius is 7,;,, =859.4 m. The optimal drilling site and well trajectories
for the 4 well completion intervals in Table. 3-3 is shown in Fig. 3.7. The optimal cost
distribution of a drilling site where Px, €[400,3200] , Py, €[200,2100] with the
resolution of 50 is shown in Fig. 3.8. The blank area indicates that if the drilling site is
located there, then there is at least one completion interval that cannot be reached. The
data mark indicates the optimal drilling site of the lowest total cost based on the
discretized values at the mesh nodes. The exact optimal drilling site location is

(Px,, Py,)=(1129.33, 606.19), and the corresponding optimal cost is 22878.0.

22
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Fig. 3.7 Optimal Drilling Site and Well Trajectories for Case 2.1
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Fig. 3.8 Optimal Cost Distribution for Case 2.1
Case 2.2

From Case 2.1, we can easily tell that it is the 4™ well completion interval which is
relatively shallow that causes the unreachable situation, i.e., the blank area in Fig. 3.8. If
we do not consider the 4™ well completion interval, the solution is as follows.

The optimal drilling site and well trajectories for the first 3 well completion intervals

in Table. 3-3 are shown in Fig. 3.9. The optimal cost distribution of a drilling site where
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Px, €[400,3200], Py, €[200,2100] with the resolution of 50 is shown in Fig. 3.10. The

data mark indicates the optimal drilling site of the lowest total cost based on the
discretized values at the mesh nodes. The exact optimal drilling site location is

(Px,, Py,) =(1768.28,750.31), and the corresponding optimal cost is 19367.4. As we are

not considering the 4™ well completion interval, there is no more blank area in Fig. 3.10.
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Fig. 3.9 Optimal Drilling Site and Well Trajectories for Case 2.2
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Fig. 3.10 Optimal Cost Distribution for Case 2.2
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Case 2.3

From Case 2.1, we can see that the 2" well completion interval is not so suitable to
be drilled from the same drilling site as the other 3 intervals, because it requires a big turn
in the trajectory. It may be better to leave the 2" well completion interval as a satellite
well or consider it with the possible well intervals in the future development.

The optimal drilling site and well trajectories for the well completion intervals NO.1,
NO.2 and NO.4 in Table. 3-3 is shown in Fig. 3.11. The optimal cost distribution of a
drilling site where Px, €[400,3200], Py, €[200,2100] with the resolution of 50 is shown

in Fig. 3.12. The blank area indicates that if the drilling site is located there, then there is
at least one completion interval that cannot be reached. The data mark indicates the
optimal drilling site of the lowest total cost based on the discretized values at the mesh

nodes. The exact optimal drilling site location is (Px,,Py,) =(1129.33,606.19), and the

corresponding optimal cost is 12518.4. Comparing to the result in Case 2.1, we can see
that the 2" well completion interval almost does not affect the optimal drilling site
location. The slight effect of the 2™ well completion interval on the cost distribution can

be seen from the data marks in Fig. 3.8 and Fig. 3.12.
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Fig. 3.11 Optimal Drilling Site and Well Trajectories for Case 2.3
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Fig. 3.12 Optimal Cost Distribution for Case 2.3
Case 2.4

If the maximum allowed turning rate/dogleg severity is increased to 4°/30 m, i.e.,
minimum allowed turning rate radius is 7,,, =429.7 m. The optimal drilling site and well
trajectories for the 4 well completion intervals in Table. 3-3 is shown in Fig. 3.13. The
optimal cost distribution of a drilling site where Px, €[400,3200], Py, €[200,2100] with
the resolution of 50 is shown in Fig. 3.14. Where we can see there is no more blank area
in Fig. 3.14 compared to the Fig. 3.4. The data mark indicates the optimal drilling site of
the lowest total cost based on the discretized values at the mesh nodes. The exact optimal

drilling site location is (Px,, Py,) = (1302.38, 697.97), and the corresponding optimal cost
is 20048.1.
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Fig. 3.13 Optimal Drilling Site and Well Trajectories for Case 2.4
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Fig. 3.14 Optimal Cost Distribution for Case 2.4

3.5 Further Discussion

1. When there is a turning around in the trajectory, such as the 2" trajectory in Case

2.2 and we want to avoid such a risk, we can do the following:

a.

Firstly, we can add one more nonlinear constraint Equation (3-24) into our model
Equation (3-4) . Fig. 3.15 and Fig. 3.16 show the result of Case 2.2 with Equation
(3-24) added as a constraint. The Equation (3-24) limits the turning angle

between the straight section and the second curved section to be no larger than
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90°. The optimal drilling site location is (Px,, Py,) =(2570.53, 1504.94) , and

the corresponding optimal cost is 21011.91.

Yy = arccos(%} < % (3-24)
2
= T-V,20

If the result from step a. is not favorable, then discuss with the geological
engineers and reservoir engineers to check if it is possible to modify the
completion interval so that the turning around does not happen.
If modification is also impossible, we should consider two drilling sites for the
given intervals. Then the problem will include another challenge problem of
finding the best combination of intervals for the drilling sites, which is beyond
our study here. Of course, for a small-scale problem, a compromised solution
can be that we separate the unwanted interval for a satellite well. And then
compare the total cost with the result from step a. As for the challenging “k-sites-
n-wells” problem, kindly refer to our following two papers in the series where

we provide an unparalleled efficient method.
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Fig. 3.15 Optimal Drilling Site and Well Trajectories for Case 2.2 with Turning Angle <90°
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Fig. 3.16 Optimal Cost Distribution for Case 2.2 with Turning Angle<90°

2. We can also easily include the constraint for the drilling site location. For example,
if the well location has a limit Py, <1300 along with the nonlinear constraint Equation
(3-24), we will get the optimal drilling site location at (Px,, Py,) =(2704.44, 1300.00)
with the cost of 21100.20.

3. We can also include the formation information into the cost function. But the
original Dubins Curve trajectory no longer guarantees to be the optimal. In order to get
the accurate optimized result, we will firstly need to discretize the formation according to
the heterogeneity, then optimize all the intermediate nodes between the kickoff point and
the well completion interval point. This process is of course much more complicated, but
the optimization idea of using the Dubins Curve and gradient descent method remains the
same. This is a good start point for our future work to make drilling cost estimation more
accurate.

4. If we want to find the exact locations of all wellheads D, : (Px,;, Py,;,0) in one
drilling site D, : (Px,, Py,,0), we can continue to do a similar optimization process with
the all wellheads’ locations D, in the vicinity of the optimized drilling site D, . Of course,
there can be various definition of vicinity, here gives a simple case where D, are in the

radius of Q centered at D :
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k
Obj. min » COST(R,V,,B,.V,,r)

(P, Py); 4 4

k
= D,-:(r:‘!}li,nﬁvl , ; [cstC(Lc)l_ +cstS (Ls, Q)i]

S.t. n2F
Lc,;, Ls,, 0, € DubinsCurve
Pz, =27,

i

"Di—D0"2 <0

(3-25)

5. At last, we can also combine this optimization process with the seabed facility
layout to obtain the overall optimized subsea field development plan. Of course, we

should firstly solve the combinatorial problem just discussed in 1.c.

3.6 Summary
This chapter introduces the concept of Dubins Curve for well trajectory planning.
Based on the CSC family of 2D Dubins Curve, we have proposed an efficient generic 3D
well trajectory optimization method which can be a good way to optimize the drilling site
location and the wellbore trajectories to reach multiple completion intervals. It provides
a tool for drilling cost estimation at the early phase of the field development. What is
more, this method has very good potential to be more accurate and to be embedded into

a systematical method for the overall field layout optimization.
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Chapter 4. Solution to Sub-problem 2: location-allocation of manifolds

4.1 Mathematical Description
Given n wells to tie back to £ manifolds on the seabed, all wellheads’ locations are

known, then find the optimal manifold location so that it can minimize the tie-back
flowline cost, where m, k € Integer” ; mis the cluster size, i.e., the number of connected

wells to a manifold, it is also the number of slots on the manifold if there is no vacant slot

unconnected. Practically, there are manifolds of several different slot-sizes, normally

including 2-slot, 4-slot, and 6-slot. For an easy understanding of our method, we firstly
simplify the problem as there is only one type of manifold, i.e., m =4 . Therefore, the
total number of wells isn =m -k which is a multiple of m .

As for more general problems where the number of wells is not a multiple of m , or
when we want to use several types of manifolds, or even when the basic assumptions no
longer exist, they will all be discussed in Section 4.5. After we introduce our method in
Section 4.3 and Section 4.4, you will find it easy to solve these general problems as well

once you grasp the core idea of our method.

4,2 Basic Assumption and Simplification
We adopt the same assumptions used in the previously published case study [37]
with which we are going to compare:
1. the seabed is simplified as a continuous 2D-plane;
2. the flowline cost is proportional to the square of distance, i.e., squared Euclidean

distance.

4.3 Method
4.3.1 Brief Analysis

As the name suggests, the location-allocation problem of manifolds includes two
parts: the location of manifolds, and the allocation relation between wells and manifolds.
The allocation part can be regarded as a clustering problem. The second assumption,
which assumes the cost to be proportional to the square of the distance, makes it quite
easy to locate the manifold once the wells are clustered: the location of a manifold is the

geometric mean position of the wells allocated to the manifold, i.c., the wells in the same
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cluster. This can be easily derived by partial differentiation, refer to the Section 3.4 in

Wang’s work [37] for the derivation details. Hence, given the positions of m wellheads
in a cluster p,:(x, »,), i=1, 2, ..., m, the position p,, :(X,Y) of the manifold that

connects these m wells can be easily calculated as Equation (4-1) shows:

X == , Y= =l 4-1)
The number of all clusters is easily obtained by the combination formula shown in
Equation (4-2).

noTme m'(n m)! m'[mk IJ

(4-2)

When m is small, the number of all clusters is still growing relatively slow as the
problem scale n grows. But the combinations of the clusters still increase sharply. The

number of combinations is given in Equation (4-3). Nowadays, the computational limit

of the prevalent CPUs is around 1x10"> FLOPS. Given m=4, k=5, i.e., to allocate

n =20 wells to 5 manifolds, the number of all combinations is around 2.546x10°, which
is still within the computational ability. If £ just increases a bit to £ =10, i.e., n =40,
the number will become around 3.546 x10*” which is beyond of the computational ability.
k-1 kel [m —1 ]'
m m m m C”Z B
G Coioy Crray - G 1:01 m(k=i) l_OIm'[m —l—l):|' (mk)!

= iz = = (43
k! k! k! (m!)ka!( )

However, the wells in an optimal cluster are adjacent and that makes most of the
clusters impossible to be optimal. We regard the clusters where the wells are adjacent as
useful clusters. Compared to the number of all clusters, the number of useful clusters is
much smaller, resulting in a much smaller number of useful combinations. This is the key
idea to solve the problem efficiently. A useful combination consists of & useful clusters
of size m . As shown in Fig. 4.1, the cluster {1,2,3,14} is a useful cluster, while the cluster
{1,2,9,10} is obviously not.

As for the number of useful clusters, we cannot give an explicit expression to
calculate this because it depends on how the wells are distributed, and how we define the
adjacent relationship. But we will show how small it is in the following case studies in

Section 4.4.
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Fig. 4.1 Example of Wellheads’ Positions in 2D

4.3.2 Mathematical Model: from MINLP to BLP
Based on the previous methods, such as Wang’s work [37], the problem can be

directly interpreted as a MINLP model:

(4-4)

(AN

k n
mpCr=min) 2.

=l j=1

st. Y5 =mViell, 2,3...k}
Jj=1

k
>.5,=LVje{l, 2, 3..n
i=1

Where 6 is the binary variable matrix whose dimension is kxn , as shown in
Equation (4-5), 6, , =1 means the j well is connected to the i manifold. 8 indicates the
allocation between the manifolds and wells. & is the number of manifolds/clusters, n is
the number of wells. C is the continuous variable matrix of flowline cost dependent on

d and it has the same dimension as & . ¢, ; is the nonlinear term of the flowline cost of

connecting the j well to the i manifold. Therefore, the total number of MINLP variables

is 2kn . “.*” is element-wise multiplication operator. The first constraint ensures that each
manifold connects to m wells, and the second ensures that each well is only connected

to one manifold.
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é‘l,l 51,2 Ln
O,y Oy o Oy,

5= . . . . (4-5)
6 By e O

The formulation is very easy, but it is very hard to find the global optimum for such
a MINLP model. In Wang’s work [37], he could only use a heuristic method to get an
approximation. In industry, engineers usually provide several candidate positions for the
manifolds based on their knowledge and experience, so that C can be pre-calculated to
be a coefficient matrix, rather than a continuous variable matrix, therefore reducing the
MINLP model into an ILP model. The industrial method is also a compromised method
to achieve a good approximation rather than the global optimum, unless the global
optimal locations are exactly included in the candidate locations.

We can eliminate the continuous variables in the MINLP model, making it a

nonlinear integer programming (NIP) problem, as shown below:

min Cost(ﬁ,m,p)

deBinary

(4-6)

st. .5, =m,Viefl, 2,3...k}

Jj=1
k
A 6, =LVjell, 2,3..n}

i

Where p is the well position matrix comprised of well position vector p,:(x;, y, ),

iefl, 2,3..n}. (X Y ) is the position coordinate of the i manifold, shown in Equation

(4-7), which is actually equivalent to Equation (4-1).

Z 85X Z 84V

x-H 1y E T @)

m m

Even though there is no more continuous variable, and the number of the NIP
variables is half of the MINLP’s, i.e., kn, the computational complexity of the NIP is
completely equivalent to the MINLP, because the nonlinear term of the cost is still in the

objective function, making it practically infeasible for a MINLP/NIP solver to find the
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global optimum of this specific model with only 40 wells. The Equation (4-3) shows the
difficulty of finding the global optimum for the model. The infeasibility will also be
shown in the following case study in Section 4.4.

But an insight into the Equation (4-6) reveals that one important cause of the
inefficiency is repeatedly computing k X n times for the same position of the i manifold,

ie., (X LY ) . If we just compute this manifold position term only once, and store it as a

coefficient, then the Equation (4-6) will become a simple linear equation. A naive idea of
enumerating all possible clusters, which avoids from this redundant computation, leads

to the following BLP model:

N

min 'y, -cost(A,m,p)

Binar,
YE€Binary =]

(4-8)

J

st A vYua =1

nxl

A € Binary
Where N =C!" is the number of all possible clusters of size m , it is also the number
of variables in this BLP model. y is the binary variable vector whose dimension is N x1,
7, =1 means the j cluster is selected for the optimal combination. y indicates the
selection of clusters. A is the coefficient matrix of dimension nx N, as shown below,
a; ;=1 means the i well is in the j cluster. From MINLP/NIP to BLP, the allocation

relationship between manifolds and wells, i.e., 8 , is equivalently converted to the

selection of clusters, i.e., y .

all a1,2 al N
a,, a4, a, N
A=| ’ . R Wherezai,j =m,Vj={l, 2,3 .. N} (4-9)
. . . . i=1
_an,] an,Z an‘N i

Different from the dependent relationship between the C and 8 in the MINLP

model in Equation (4-4). The cost(A,m,p)j is a function independent of the variables

v , hence it is still a coefficient rather than a variable. This coefficient can be calculated

as shown below.
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2 2

n n
n 2% Y

cost(A,m,p). = a |x—E—| +a |y —E—on 4-10
j i,j i i,j i
: i=1 m m

Compared with the MINLP model, the corresponding BLP model has a larger
number of variables. Ostensibly, more variables mean computationally harder. However,
it simplifies the computational complexity drastically because it is linear, therefore, we
can use relaxation strategy along with branch and cut algorithm to solve the BLP model
much faster. As for solving the BLP model, we can directly use the ILP/BLP solvers
provided by IBM CPLEX, LINGO, GUROBI, TOMLAB, or just use the build-in function
“intlinprog” in MATLAB Optimization Toolbox, etc.

Nevertheless, the number of all possible clusters still grows too fast as

N=C"=0(n"), even for m=4. It can easily run of the memory. Hence, as discussed

in Section 4.3.1, we can make N to be the number of useful clusters rather than the
number of all possible clusters to make it much more efficient.

4.3.3 Find the useful clusters

Obviously, the points in a useful cluster are close to each other. To build the adjacent
relationship, we use the Delaunay Triangulation to build an undirected adjacent graph
first. Delaunay Triangulation connects points in a nearest-neighbor manner as it
maximizes the minimum angle in all triangles. The algorithm to construct Delaunay
Triangulation has been well developed since it was proposed by Delaunay in 1934.
Lawson’s [53] and Bowyer-Watson’s [54, 55] are the two classic algorithms for Delaunay
Triangulation. The time complexity of the most efficient Delaunay Triangulation
algorithm can be bounded as O(nlogn) [56], where n is the number of points. As for
the coding implementation in MATLAB, we can directly use the build-in function
“delaunay".

Delaunay Triangulation also bears a convex hull property which makes the
adjacency on the boundaries unwanted, as shown in Fig. 4.2. For example, the Point 7
and Point 10 in Fig. 4.2 are quite far apart, and the adjacent relation between these two
points is obviously unwanted. To handle this trivial issue, we can use the following

strategy to eliminate the unwanted adjacent relation on boundaries:
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1. Add 8 ward points outside of the convex hull, and do Delaunay Triangulation for
all the points, as shown in Fig. 4.3, the ward points are marked as black dots. The number
of ward points can increase a bit as the problem scale grows large.

2. Delete the ward points and their connected edges, as shown in Fig. 4.4. Then, we
get a non-convex Delaunay Triangulation graph which shows a better adjacent

relationship on boundaries.

-60 -40 -20 0 20 40 60 80 100

Fig. 4.3 Delaunay Triangulation with Ward Points  Fig. 4.4 Non-convex Delaunay Triangulation

After we get the adjacent graph, as shown in Fig. 4.4, we mark all the edges as
distance 1, and build up the adjacent matrix of this undirected graph. The distance matrix
of the undirected graph in Fig. 4.4 is given in Appendix IV. The conventional adjacency
matrix only indicates the relationship of distance < 1, denoting such an adjacent
relationship as adjacent-1. To prove that the adjacent-1 relationship contains all the global
optimal clusters, we can either enumerate all the clusters when the problem scale is not
too large or modify the adjacency matrix to indicate the relationship of distance < 2, i.e.,

to use the adjacent-2 relationship to find the useful clusters. Both the adjacent-1 matrix
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and the adjacent-2 matrix of the undirected graph in Fig. 4.4 are given in Appendix IV as
well. No doubt, the adjacent-2 matrix will introduce more useful clusters into the BLP
model resulting in a longer computational time. We use the adjacent-2 relationship as a
backup proof of the correctness of the adjacent-1 when it is infeasible to enumerate all
clusters.

Then, the basic criterion to pick out the useful cluster from the adjacent relationship
is that the selected points can form a tree in the adjacent graph, for example, {1, 2, 3, 5}
is auseful cluster, but {1, 2, 5, 13} is not in the adjacent-1 relationship because this cluster
cannot form a tree as the shortest distance from point 13 to any other point in the cluster
is larger than 1, however, {1, 2, 5, 13} will become a useful cluster in the adjacent-2
relationship. We provide our algorithm for finding all the useful clusters with the basic
criterion in Appendix III.

More strictly, a useful cluster should never isolate any points, for example, {2, 14,
16, 17} fulfills the basic criterion, but it is not a strictly useful cluster because it isolates
the point 1. Obviously, the strict criterion will give us less useful clusters which means
more efficiency in solving the BLP model. However, we find that for most problems of
various scales, applying the strict criterion decreases the overall efficiency if we use a
good BLP solver such as the IBM CPLEX. Hence, here we do not recommend the strict
criterion for finding useful clusters. Or maybe it is just because our algorithm for strict
criterion is not good enough.

At last, it should be noted that the algorithm of finding useful clusters presented in
the Appendix III is not efficient enough to deal with clusters of large sizes. But fortunately,
in the location-allocation problem of manifolds, we barely need to deal with clusters of
size larger than 8. As for a very special case where the points are only divided into two
clusters, we recommend the 2RCC algorithm [50, 51] which can directly generate the two

global optimal clusters.

4.4 Case Study
We tested our BLP method on different cases to show its efficiency and robustness.
We also compared our BLP method with the previous MINLP/NIP method solved by
LINGO. Among the commercial solvers mentioned in Section 4.3.2, LINGO is the only
one which provides nonlinear solvers without limitation in the problem scale under an

academic license. In order not to bias the comparison, the following results of LINGO are
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based on the original codes provided by LINDO technical support. The computational
time is generated from a laptop Dell Inspiron 15-7537 (Intel Core i5-4210U, 12 GB DDR3
1600MHz). Besides, we also invited Dr. Hong Chen to use his SA algorithm[39] to
compute the 100 points problem in Case 2 for comparison.

As we coded in MATLAB to implement our method, we used IBM CPLEX API,
which is very MATLAB-user-friendly, to solve the BLP model. It should be noted that
LINGO can also solve the BLP efficiently, however, their API for MATLAB is not so
friendly as IBM’s.

4.4.1 Case 1: test on a published case
The first case is exactly the same as that in Wang’s work [37]. The positions of the

20 wells are given in Table. 4-1, also shown in Fig. 4.1 ~ Fig. 4.6:

Table. 4-1 Positions of 20 Wells

Well No. 1 2 3 4 5 6 7 8 9 10
X -2 -6 -3 -1 -5 -7 -3 2 12 27
y 35 25 14 3 -2 -10 -15 -7 -10 -8

Table. 4-1 Positions of 20 Wells (Continued)
Well No. 11 12 13 14 15 16 17 18 19 20
X 19 13 7 5 20 23 30 37 35 25
y 1 3 10 30 15 20 21 16 9 5

Compared with Wang’s CPU (Intel Core Duo P8700), Intel Core i5-4210U has a
superior performance in parallel computation but inferior computational ability for a
single core/thread, as shown in Table. 4-2, based on Whetstone benchmarks conducted
by the Asteroids@home project [57]. Hence, to have a better comparison, we
implemented our method in serial computation. Note that the data provided by the
Asteroids@home changes slightly as the project goes on.

Table. 4-2 Comparison of CPU performance [57]

CPU model cores/computer GFLOPS/core GFLOPS/computer
Intel Core 2 Duo CPU
P8700 @ 2.53GHz 2 2.96 392
Intel Core i5-4210U
CPU @ 1.70GHz 4 259 1032

The result comparison of five 4-slot manifold layout is given in Table. 4-3 and Fig.
4.5. It seems that there is not too much improvement compared with Wang’s result.
However, if we take the two 10-slot manifold layout for comparison, as shown in Table.

4-4 and Fig. 4.6, the big gap in the optimal cost in Wang’s method becomes unacceptable.
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For this specific problem which only divides the points into two clusters, we directly
use the 2RCC algorithm.

It should be noted that it is meaningless to strictly compare the computational time
with Wang’s because of the difference between global optimum and local optimum. The
improvement of computational time of achieving the global optimum is huge
by comparing LINGO’s result and ours.

Compared to the large number of all clusters, it is easy to see the efficiency of our
method lies on the small number of useful clusters. In this case, the number of
useful clusters, i.e., the number of clusters under the “adjacent-1” relationship is only
373, which is also the number of BLP variables. While the number of MINLP variables
is 200, which has the same magnitude as the BLP variable number. The “adjacent-2” is

also conducted in case that the computation for all clusters runs out of memory.

Table. 4-3 Comparison of Five 4-slot Manifold Layout

Wang [37] /NGO (MINLP/NIP) Our Method (BLP)
£ local global adjacent-1 | adjacent-2 all
Optimal Cost | 1278.75 | 1261.25 | 1261.25 | 126125 | 126125 | 1261.25
Global

optimalyN) | N Y Y Y Y Y
Conﬁgzt“’nal 0.156s || 62s~73s | >4000s | 0.08~0.17s | 0.15~0.26s | 0.21~0.43s

Number of 373 3171 4845

Clusters
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(a) Result by Wang [37] (b) Result by LINGO/Our Method

Fig. 4.5 Comparison of Five 4-slot Manifold Layout
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Table. 4-4 Comparison of Two 10-slot Manifold Layout

Wang [37] LINGO/local LINGO/global 2RCC
Optimal Cost 5724.9 4664.7 4664.7 4664.7
Global Optimal(Y/N) N Y Y Y
Computational Time 0.156s | 18s~35s >20s 0.10s~0.13s
35 35
30 30 jﬂ*li
251 251
201 —47 20 16 17
15 | 18 15 | 15 18
10 19 10~ 43 19
5k 20 5r 20
12
o ol- 1
5F S5
8 10 10
100 6 9 10- 9
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(a) Result by Wang [37] (b) Result by LINGO/2RCC

Fig. 4.6 Comparison of Two 10-slot Manifold Layout
4.4.2 Case 2: test on larger-scale cases

It is quite tricky that when the number of wells is just doubled, the problem would
become almost infeasible for a global solver. Refer to the analysis in Section 4.3.1.
Expectedly, we could not find any published work that has a case of more than 20 wells.
We randomly generated 100 points, shown in Appendix II. Firstly, we used the first 40
points to test, and the results are shown in Table. 4-5 and Fig. 4.7. The result of LINGO
local solver is the best it achieved in 20 trials, and each trial takes more than 10 minutes.
The LINGO global solver cannot get the result even after 8 hours. Our method can easily
get the global optimum. In this 40-point case, the number of useful clusters generated by
our method is 1088, which is less than 3 times of the number in the 20-point case. While

the number of MINLP variables is 800, which is 4 times of the number in the 20-point

case.
Table. 4-5 Comparison of Ten 4-slot Manifold Layout
LINGO (MINLP/NIP) Our Method (BLP)
local global adjacent-1 adjacent-2 all
Optimal Cost 1020.51 Infeasible 1010.96 1010.96 1010.96

Global Optimal(Y/N) N Infeasible Y Y Y
Computational Time 751~850s >8h 0.23~0.35s | 0.97~1.21s | 3.34~4.41s
Number of Clusters 1088 17261 91390
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Fig. 4.7 Comparison of Ten 4-slot Manifold Layout

Till now, we have already seen the advantage of our method. It is already
meaningless to compare for a larger-scale problem, but we provide our results in Table.
4-6 and Fig. 4.8 for reference. Besides, we also invited Dr. Hong Chen to try his SA
method [39] on the 100-point problem for comparison. His method always converges at
the optimal cost around 970, which is just a local optimum, with the time cost of more
than half an hour. By comparing to the MINLP or NIP variable number, we can see a
much slower growing trend of the BLP variable number, which indicates its efficiency
for large scale problem. As for a larger problem where there are 500 randomly distributed

points with m =4, it can be solved by our method within 3 minutes.
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Table. 4-6 Comparison on Larger-scale Problems

Optimal | C tational Number of Clusters] MINLP NIP
Ié(l:;a Om%ln?elona (BLP Variable Variable Variable
Number) Number Number
adjacent-1| 983.40 0.43~0.57s 1928
t;gsltnf;) adjacent-2 983.40 3.13~3.96s 35420 1800 900
all 983.40 33.11~35.43s 487635
adjacent-1| 855.62 0.44~0.57s 2872
f;ffnfg adjacent-2| 855.62 6.43~7.47s 59840 3200 1600
all Infeasible (out of memory) 1581580
adjacent-1| 858.96 0.73~0.81s 3820
p(l)?r?ts adjacent-2| 858.96 8.66~9.32s 86867 5000 2500
all Infeasible (out of memory) 3921225
SA method[39] for ~970 ~35mins
100 points - -
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(a) Result of the First 60 Random Points
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(c) Result of the 100 Random Points
Fig. 4.8 Results of Larger-scale Problem by Our Method

4.4.3 Case 3: test on highly ill-conditioned cases

We intentionally generated two sets of points distributed orthogonally. Such a
distribution pattern is highly ill-conditioned because there are too many combinations
(local optimal solution) of the same total cost in the orthogonal distribution so that it can

easily trap a local/heuristic solver at a bad local optimum or at least increase the
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computational time of the local/heuristic solver to converge to a good local optimum. It
should be noted that, the follow result of LINGO/local is the best result from 20 trials,
whereas most of the time, it cannot converge to the global optimum. The computational

time of LINGO/local is the time of the trial which reaches the global optimum. Our

method is deterministic.

Table. 4-7 Comparison of a 20-Point Highly Ill-conditioned Case

LINGO/local Our Method
Computational Time 92s~145s 0.09s~0.19s
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Fig. 4.9 Result of a 20-Point Highly Ill-conditioned Case

Table. 4-8 Comparison of a 36-Point Highly Ill-conditioned Case

LINGO/local Our Method
Computational Time 565s~662s 0.21s~0.35s
18 24 30 36
17 23 29 35
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44 40 16 22 28 34
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Fig. 4.10 Result of a 36-Point Highly Ill-conditioned Case
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As we increase the number of points, the LINGO/local solver can no longer converge
to the global optimum within 20 trials. While our method can get the global optimum for
such a problem of 100 points with the time around 0.61s ~ 0.78s.

4.5 Further Discussion

Now consider for a more general problem where the number of wells n is not a

multiple of m, i.e,n=m-k+h,he{l,2,..,m—1}. Because h<m, we can directly get

the useful clusters of size & while we are finding the useful clusters of size m by the
algorithm provided in Appendix III. Then use the method proposed in Section 4.3.2 to
build the BLP model. The only difference is that N now becomes the total number of

useful clusters of both size m and size 4, denoted as N,, and N, ,respectively. A and

v also need to include clusters of both sizes, as shown in Equation (4-12) below. In this
case, it is solving a problem where there are manifolds of two different slot sizes. More
generally, it can also handle the problem where there are manifolds of more than 2

different slots. For example, if we have manifolds of m,,m,,...,m, slots, the model can be

built as Equation (4-13). For more details about the application in the clustering problem

of more than one size, we will introduce them in the following Chapter 5.
N, +N,

min Z 7, -cost(A,m,h,p)j (4-11)
Jj=1

Y€Binary

S.t. =1,

Ao Y (4, o3,

A € Binary

da,=mVj={l,2,3..N,}
i=1

>a,=hVj={N,+1,N,+2, N, +3 ..N, +N,}
i=1

Ay Gy e Gy Gy Gy e Gy,
Ay Gyy o Gy Dy Dy - Gy oy,
A= (4-12)
_an,l an,Z an,Nm an,NmH an,N",+2 an,NerN,, i
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N,

my

M-

I=1

min " y,-cost(A,m, h,p)j (4-13)
j=1

YeBinary “

st. A

nxl

N
nx[ZNm[J {ZN,W ]xl
A € Binary

Da,=m,Vj={,2, ..,N,}

i=1

Zai,./ =m,,Vj={N, +LN, +2, ..,N, +N, }

i=1

ial.’j =m,;, Vj= {ian, +1, ile +2, ..., Zl:Nm,}
i=1 I=1 I=1 =1

When there are barriers on the seabed, as it was discussed in [39, 42], we can just

delete the useful clusters which intersect with the barriers. The time complexity of

checking intersection of N clusters with a barrier is linearto N, i.e., 7 = O(N ); while
solving a BLP model of N variables has a higher order of N, i.e., T=0(N"),c >1.

Hence, we can expect the efficiency to be the same or even higher because of less useful
clusters.

When we consider the seabed as a 3D, i.e., the first basic assumption no longer exists,
we can firstly project the well positions onto 2D to find the useful clusters, then the
difference is the cost function of each cluster, i.e., Equation (4-10).

When the cost function is not proportional to the squared Euclidean distance, i.e.,
the geometric mean position is no longer the manifold’s optimal location, we just replace
the Equation (4-10) with the given cost function, and then calculate the optimal manifold
location by gradient descent or any viable method and the cost for each cluster based on
the given cost function. For example, when the cost is proportional to the Euclidean
distance, then the manifold’s optimal location is the geometric median of the connected
wells. The difference in computational complexity is completely dependent on the
difference in the complexity of the cost function. The effect of the complexity of the cost
function of a cluster on the whole problem is just linear. The NP-hardness lies in the
combinatory problem, not the computation for cost.

It should be noted that there are different methods to define the adjacent relationship

for finding the useful clusters. The method for reducing all clusters to useful clusters is
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problem (cost function) dependent. The Delaunay Triangulation method is not a universal
method for all scenarios. The method for finding useful clusters directly affects the
efficiency and accuracy. For example, if we simply define the adjacent relationship by
Euclidean distance, it will be hard to determine the proper distance radius for defining a
useful cluster. As shown in Fig. 4.7, some clusters extend in a relatively large distance,
while others are quite confined in a small radius. If the distance radius is set too small,
we will miss the optimal clusters and cannot obtain the global optimum, i.e., accuracy is
affected; if it is too large, it will lead to a large number of useful clusters, i.e., efficiency
is affected. In Chapter 5 where the scenario is much more practical and more complex,
we will propose another method which superposes the “economic zones” to find the
useful clusters.

At last, if you have doubt in the global optimality for the adjacent-1 result, you can

use adjacent-2 result to check if enumerating all clusters is impossible.

4.6 Summary

This chapter introduces a brand-new method to deal with the location-allocation
problem of manifolds in subsea field layout optimization. With the help of graphic
theories, our method reduces the traditional MINLP model into a significantly more
efficient BLP model leading to a breakthrough in both accuracy and efficiency. The two
core ideas of our method are the conversion from the allocation relationship between
manifolds and wells to the selection of clusters of wells and the reduction from all clusters
to useful clusters. The advantage of our method is well demonstrated in the case studies.
Our efficient method makes the global optimal solution to the problem of a much larger
scale feasible. Besides, it is not limited in subsea field layout optimization, it is actually
a specific MINLP solver for any optimization problem which can be regarded as a
location-allocation problem, or equivalently, a size-constrained clustering problem where
the global optimal solution is the combination of clusters of adjacent points. As for other
patterns of global optimal solutions, for example we want the minimum cost of all clusters
to be maximized, we need carefully design a proper algorithm to reduce all clusters to
useful clusters. However, it will be another problem whether there is such a proper

algorithm for a specific pattern.
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Chapter 5. Solution to Sub-problem 3: “k-sites-n-wells”
5.1 Mathematical Description

Given n well completion intervals, n e Integer”, each completion interval is

defined by its start point P, = (sz) 5Py Pz, [) and the end point of the first segment of
the completion interval P, = (ny,Pyl, , Pz, ), such as the dataset in Appendix II. Thus,

the drilling direction vector V;, =(Vx2’i,Vy2’i,szyi) is determined, where normally
Vz,; <0 so that the direction is not upward. The highest allowed kickoff point
B, =(Px;,Py;,Pz;;) for every wellbore should be at the depth of Z, m, ie,
Pz, =7,<0,iefl, 2, ..., n}. Obviously, the drilling direction vector at every kickoff
point is vertical downwards ¥, =(0,0,-1). The maximum allowed turning rate/dogleg

5400
—m.
K

severity is & °/30 m, i.e., minimum allowed turning rate radius is . =

min

The preparation cost (e.g., rig re-location) for one drilling site is cst;, . cst., is the

site *
cost of the subsea facilities for a satellite well. Similarly, cstg; , is for a 2-slot template,
cstg 4 is for a 4-slot template, and cst,  is for a 6-slot template. The wellbore cost can
be a user-defined function related with the trajectory structure following the form as

csty,,, =cstC(Le)+cstS(Ls,8) , where Le is the length of non-straight section, Ls is the

Traj
length of straight section, € is the inclination angle of the straight section; cs¢tC (Lc) is

the cost function of non-straight section which is continuous and positively correlated

, . destC(Le) , . , , .
with Lc, i.e., T >0; cstS (LS,H) is the cost function of straight section which
c
OcstS(Ls,0
is continuous and positively correlated with Lc and 6, i.e., %>0 and
S

dcstS(Ls,0) S
06

0.

The objective is to find the optimal combination of these completion intervals so
that the overall cost, i.e., the sum of site preparation cost, subsea facility cost and wellbore

cost, is minimized. In details, we need determine the allocation relationship between
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drilling sites and completion intervals; the number of the subsea facilities of different

specifications, denoted as ng , , specifically, ng.,, ng,, ng, and ng ¢ are the needed

number of subsea facilities for satellite, 2-slot template, 4-slot template and 6-slot

template, respectively; the number of the drilling sites n,, ; and the drilling site location

site >

P

D } , which is vertically above the corresponding

site

= (PxO‘_S,PyO’S,O) , se{l,2,...n

kickoff point(s).

5.2 Method
5.2.1 Mathematical Model and Main Process
This optimization problem can be written as Equation (3-3). The unknown variables

that need to be optimized in the model include the number of drilling sites n, , the

site >

number of subsea facilities of different specifications ng,., and the positions F, of the
ng, drilling sites.

Obj. min [COST(B.V,,B,.V,,r\ 0, g st Cst, ) |

Ngite s s B

n
= mlnP n.viteCStxite + z nSF‘mCStSF,m + Z CStTny',i
Msite MsF > 10 j=11,2,4,6} i=1

s.t. 2 (5-1)
Traj € Dubins Curve
Pz =7

nsite = Z nSF,m

m={1,2,4,6}

This problem can be decomposed into two problems: the optimal trajectory problem
and the location-allocation problem. We have introduced our efficient and global optimal
methods for solving these two types of problems in Chapter 3 and Chapter 4, respectively.
Here we need systematically combine these two methods. Briefly, the main process is as
follows:

Step 1. Use the 3D Dubins Curve method to calculate the optimal drilling site £, ;

and the related trajectory cost cst for each cluster of wells. Here

Traj i

je{l2,.., z N, }is the index of clusters of wells; i € Cluster j; N, is the number

m
m={1,2,4,6}

of clusters of size m, designated m € {1,2,4,6} . The total cost of each cluster cstTj , as
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Equations (5-2) shows, includes the cost of all trajectories in the cluster Z Sty s

ieCluster j

the cost of drilling site preparation cst,;,, and the subsea facility cost for the cluster cstg ,,

where m is the size of Cluster j. For example, if Cluster 100is {5, 8, 15, 20}, it means

the Cluster 100 is formed by the well #5, #8, #15, and #20, and the cluster size is 4.

estT; = { Z cstmj’ij+cstm +cstg. ., m=sizeof Cluster j  (5-2)

ieCluster j

Step 2. Solve the BLP problem shown in Equation (5-3) to find the best clusters. The

summation of N, is the number of variables in this BLP problem. 7 is the variable vector

whose dimension is Z N, x1. 7, =1 means the j cluster is picked for the optimal
m={1,2,4,6}

combination. A is the binary coefficient matrix of dimension 7 x z N, ,a =1
m={1,2,4,6}

means the i completion interval is allocated to the j cluster. If we do not want to use 6-
slot templates, we can conveniently set cs¢,., a dummy value which is much larger than

other subsea facility cost. But the better way is to delete the parameters related 6-slot in

Equation (5-3) so that the computation for irrelevant terms can be avoided.

Ny +N,+N,+Ng

Obj. min Z y,-estT,

YeBinary =

st. A

nx(Nl+N2+N4+N6)’Y(N1+N2+N4+N6)x1 lnxl

Ya,=1,Vj={, 2., N}
i=1

a4, =2, ={N,+1,N,+2,.., N, + N} (5-3)

i=1

>a,,=4,Yj={N,+N,+L, N+ N,+2,.., N+ N, + N}
i=1

iau=6,Vj={ > N,+L, D> N,+2.., > N, +Ng
i=1

m={1,2,4} m={1,2,4} m={1,2,4}

A € Binary
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a G e Gy Gy Gingn e Qv e AN, NN,
a2,] a2,2 az,Nl az,Nl+] a2,N1+2 aZ,N|+N2 aZ,N1+N2+N4+N6
_an,] an,Z an,Nl an,N]-H an,N1+2 an,Nl+N2 o o an,N1+N2+N4+N6 i

Step 3. Count out ng, , and n,, based on the obtained optimal y from Step 2. The

site
objective function of Equation (5-3) is the same as the objective function of Equation
(3-3). Besides, the drilling sites’ positions have already been calculated for all clusters
including the optimal ones in Step 1. Hence, Equation (3-3) is solved.

However, there is a big issue in the process above: if we simply enumerate all the

clusters, i.e., z N, :z C" , the huge number of all possible clusters can easily make the

computation in Step 1 infeasible. We need some pre-processing to reduce all the possible
clusters to useful clusters.
5.2.2 Pre-process for Reducing Possible Clusters

In Chapter 4, we introduced Delaunay Triangulation to reduce all possible clusters
to only useful clusters by using the adjacency. In this problem the completion interval is
not just a point but with a vector. The adjacency we need to find is not within the
completion intervals, but within their wellhead locations. However, the wellhead location
of a given completion interval is not fixed. We should firstly find the optimal wellhead
location for each completion interval individually, then use the Delaunay Triangulation
on the wellhead locations. Nevertheless, in this particular type of problems, we have a
better way to define the adjacency to limit the useful clusters to a much smaller number.

Pre-Step 1. Assume all the wells to be satellite wells and find the optimal location
for each satellite well, as shown in Fig. 5.1. In Fig. 5.1(a), the magenta line indicates the
completion interval, the black line indicates the straight section, the blue line indicates
the curved section. In Fig. 5.1(b), the diamond shape indicates the satellite wellhead
position, the dashed line indicates the curved section of the well, and the different colors
indicate different wells.

Meanwhile, we get the optimal cost distribution for each completion intervals within
the field by using 3D Dubins Curve method. The optimal cost distribution reveals how

the well trajectory cost changes as the satellite drilling site changes. Fig. 5.2 shows an
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example of the optimal cost distribution of #1 interval where the trajectory cost is simply
defined as the length of the trajectory. The position of minimum cost is the best satellite
drilling site. It should be noted that the position/grid resolution of Fig. 5.2 is only
200%200, therefore there is error between the exact minimum value and the minimum
value given in the figure. If we set the resolution higher, we can directly use the

discretized value in the cost distribution contour to find the optimal drilling site £, ; and
total cost cs¢T; of each cluster so that we can avoid from conducting the computationally

costly 3D Dubins Curve method in the Step 1 of main process. Even though the
computational time for pre-process increases if the resolution is set higher, but it is
worthwhile to increase the resolution to some extent especially when we are dealing with
a large number of wells or with various user-defined cost items.

Pre-Step 2. Set a threshold for the cost distribution of each completion interval to
define an economic zone, as shown in Fig. 5.3. The economic zone is just a clip of the
cost distribution contour. The threshold is based on the cost of subsea facilities for a

satellite well cstg, | and the cost of drilling site preparation cs?,,, , as shown in Equation

site >

(5-4). min(csty,,, ;) is the minimum of the cost distribution, such as the data cursor shows

in Fig. 5.2 and Fig. 5.3(a); the corresponding position of min(cst,, ) is the best drilling

Traj i
site as a satellite for that #i well interval. The facftor is used to control the possible

numerical error in the discretized grid value so that we will not miss any optimal cluster.

However, setting factor too large will introduce more useless clusters as useful clusters.

We can roughly set it between 1 and 1.2 based on the resolution of the cost distribution.
The logic of the threshold Equation (5-4) is that if the well is drilled as a template well
and the drilling site is outside the economic zone, then the trajectory cost will exceed the
saved cost from less drilling sites and less subsea facilities, which means it is better to
drill the well as a satellite well rather than a template well. In other words, it is economic
only if the template drilling site for the well is within its economic zone. Hence, in the
Pre-Step 1 we do not need to compute the cost distribution on the whole field for a given
well interval, we just need to compute from the assumed satellite wellhead position to the

economic zone boundary.

threshold, = min(cst,, .. )+ (cst

site

+cstg ) x factor (5-4)

Traj,i
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Pre-Step 3. Superpose the economic zones to find the useful clusters. If n wells
should be drilled as template wells from one drilling site, then the economic zones of the
n wells must have a common overlapped zone. As Fig. 5.3 shows, wells #1, #2, #3 and
#4 have a common overlapped zone around (6000, 6000), therefore these four wells can
form a useful cluster of size 4 to be drilled as a 4-slot template. Of course, any two of
these four wells can form a useful cluster of size 2 to be drilled as a 2-slot template. While
well #29 has no overlapped zone with these four wells, therefore, none of these four wells
can form a cluster with the well #29. With such a strategy, the number of the useful
clusters we need to compute in the main process will be very small.

It should be noted that the economic zone of well #4 shown in Fig. 5.3(d) is not as
regular as the others, because there is a blank area in its optimal cost distribution, i.e., if
the drilling site is located in the blank area, the well completion interval #4 cannot be

reached. The reason is that the interval #4 is relatively shallow as shown in Fig. 5.1(a).

0 -
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(a) 3D View of Satellite Wells for Dataset 2
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Fig. 5.2 Optimal Cost Distribution of Well #1
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Economic Zone of Well #3
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Fig. 5.3 Example of Economic Zone (cstg;, = 500, cstgpq = 20)
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5.2.3 Flowchart of Full Process

A flowchart of the full process is shown in Fig. 5.4 for a better understanding of our
method. It should be noted that the most time-consuming part in the process is the 3D
Dubins Curve method in Pre-Step 1 and main Step 1. Hence, we provide two choices for
the workflow indicated by red lines and blue lines in the flowchart.

As the red lines indicate, if the grid resolution in Pre-Step 1 is fine enough, we can
safely use the information calculated based on the grid values to save some computational
time in main Step 1 by avoiding doing 3D Dubins Curve method to calculate the accurate
information of useful clusters; otherwise, as the blue lines indicate, we must use the 3D
Dubins Curve method again to refine the information of useful clusters. You may have
doubt that the calculation based on grid values will not provide the global optimal solution.
Indeed, if the grid is coarse, it may not even provide the optimal layout, as shown in Table.
5-8. But once the grid is fine, the error becomes small enough to become acceptable, as
shown in Table. 5-9. The strategy for the grid resolution is further discussed in Section
5.4. In Step 2, feed the information of useful clusters into the BLP method to find out the
optimal clusters and the corresponding minimum cost. With the optimal clusters obtained,
we can gather the information with some basic calculations to get the final solution in

Step 3.

5.3 Case Study
The data used in Lillevik’s work [58] is given in the Appendix V. The Dataset 1 is
an intentionally forged dataset where all the completion intervals are horizontal and
located at the same depth. The Dataset 2 is real field data. In this Section, we just use the
Dataset 2. Dataset 1 will be used for further discussion in the next Section.
For comparison, we fully adopt Lillevik’s parameters: depth of kick off point is 500

m, i.e., Pz, =-500; the maximum allowed turning rate is 3°/30 m. As Lillevik’s aim is

the minimum total length of all wells, therefore we set the cost function of well trajectory

to be the trajectory length, i.e., est,,,, = cstC(Lc)+cstS(Ls,0) = Le+ Ls . Lillevik’s work

Traj
cannot take other factors into consideration, but ours can involve the site preparation cost
and subsea facility cost. Even though the objectives are different, we can still have a
comparison on the total length of the wells. As for the other user-defined costs, we will

manipulate them in the following cases to see how they affect the optimal field layout.
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The cost and the length calculated by our method in the following case study are all
based on the discretized/grid values of the optimal cost distribution, i.e., the output of Pre-
Step 1 indicated by the red lines in Fig. 5.4, with the grid resolution of 50mx50m. Beside,
set factor =1.2 in Equation (5-4) for the case study here. The values for user-defined
cost are dimensionless corresponding to the length of the wellbore trajectory. Practically,
you can simply take in the real cost functions for wellbore trajectories and the real values

for cost items.

[ )
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K & Cost Function
i A
User-defined N Economic
Pre'SteP 2 @ ? Zone
. J
( 2 N
_ Useful ,; Y
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NN 3D @
Step 1 o) ® Dubins voe
Curve

- _ Useful Useful Cluster
e 7 Cluster Cost Drilling Site
Optimal Minimum
Step 2 Clusters Cost q
Drilling Sites
Step 3 Subsea Facility Specifications & Numbers
Overall Cost

D : User Input O : Special Method O : Condition Judgement D : Output

Fig. 5.4 Flowchart of Full Process

5.3.1 Case 1: satellite only

We intentionally make a case where cst,, =0, cstg,, =0,i € {1,2,4,6} . This case

site

guarantees the optimal layout to be all satellite wells. Because cst,, =0 means that we

site
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can move the rig and prepare the drilling site arbitrarily without considering the cost;

cstg. ; =0 means that the template does not save any money. This case can be a validation

for the correctness of our optimization method. Results are shown in Table. 5-1. The
drilling site position for each completion interval is shown in Appendix VI. Because all
the wells are satellite, the accurate value of each site position obtained in Pre-Step 1 is
also provided.
N
Z 7, -cstT; is the result from Equation (5-3), which counts the total cost from the
=
kickoff point to the start point of completion interval for all wells. The overall cost need

add the total cost above the kickoff point for all wells which is 15500 and the total cost

of the completion intervals for all wells is 20271.03. As we set csf;,, =0 and cstg., =0,
the overall cost is just the total length of all wells.
Table. 5-1 Result for the Layout of Satellites Only
N
User-defined Total Length of
cstT, g
Method Cost Layout ;7 f ; |Overall Cost all Wellbores (m)
Lillevik’s Satellite Only 147.95 x 103
CStgipe =0
Cstsp'l =0
Ours cStgp, =0 Satellite Only 112180.80 | 147951.83| 147.95 x 103
cStgpa =0
cStgpe =0

5.3.2 Case 2: satellite and 2-slot mixed

Now consider there are only satellite wells and 2-slot templates. We simply delete
the parameters related with 4-slot and 6-slot in Equation (5-3). Change the user-defined
cost, and we will see different optimal layout generated by our method. Results are shown
in Table. 5-2. By comparing the total length, we can see that Lillevik’s work is just a
suboptimal solution. Comparing the optimal layouts of the Cases, it tells that the optimal
layout tends to have more satellites if the cost of site preparation is less, which matches
with the engineering intuition. Fig. 5.5 and Fig. 5.6 show the optimal layout for Case 2.1
and Case 2.2, respectively. The magenta line indicates the completion interval, the black
line indicates the straight section, the blue line or the red line indicates the curved section.
The drilling site position for each completion interval is shown in Appendix VI. The

number of useful clusters is shown in Table. 5-3.
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It should be noted that, the overall cost includes the site cost and the subsea facility

cost which are now not 0, we need deduct the cost of rigs and wellheads from the overall

cost to obtain the total length of all wellbores. Take the Case 2.1 for example, the optimal

layout tells there are 14 2-slot templates and 3 satellites, incurring the site cost 14+3=17

times, hence the difference between the value of overall cost and the value of the total

length of all wellbores is 17cst,;, +14cstg,. , +3cstg: | =5580.

Table. 5-2 Result for the Layout of Satellites and 2-slot Mixed

Method

User-defined
Cost

Layout

N
27, estT,
j=1 ‘

Overall Cost

Total Length of
all Wellbores (m)

Lillevik’s
[58]

(2,5} 3,11}
(4,12} {68}
(7,19} {13,20}
(14,18} {1527}
(21,22} {24,30}
(25,31} {26,28};
{1} {9} {10} {16}
{17} {23} {29}

155.99 x 103

Ours
(Case 2.1)

cstgite = 300
cstgpq = 20
CStSF,Z =30

(1,4} (2,11} 3,5}
(6,19} {7.8}
9,10} {13,14}
(16,17} {18,20}
(21,22} {23,24}
(25,27} {26,30}
(28.,31};
{12} {15} {29}

118794.29

154565.32

148.99 x 103

Ours
(Case 2.2)

cstgite = 100
cstgpq = 20
cstgp, = 30

(14} (2,11} {3,5}
(7,8} {13,14}
(16,20} 121,22}
{2527} {26,30}
(28,31};

{6} {9} {10} {12}
{15} {17} {18}
{19} {23} {24}
{29}

115286.94

151057.97

148.44 x 103

Table. 5-3 Number of Useful Clusters (Satellites and 2-slot Mixed)

Number of Useful Clusters of Size m

m=2

m

=1

Case 2.1

133

Case 2.2

58

31
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64



Chapter 5. Solution to Sub-problem 3: “k-sites-n-wells”

5.3.3 Case 3: satellite, 2-slot and 4-slot mixed

Lillevik’s work did not provide the layout with more than 2 types of manifolds. For

comparison, we set a dummy value for cst,,,, to find the optimal layout of satellite and

4-slot mixed. Change the user-defined cost, and we will see different optimal layout

generated by our method. Results are shown in Table. 5-4. Fig. 5.7, Fig. 5.8 and Fig. 5.9

show the optimal layout for Case 3.1, Case 3.2, and Case 3.3, respectively. The drilling

site position for each completion interval is shown in Appendix VI. The number of useful

clusters is show in Table. 5-5.

Table. 5-4 Result for the Layout of Satellite, 2-slot and 4-slot Mixed

{12} {15} {17}
{18} {19} {23}
{24} {29}

N
Userdefined Total Length of
-estT, g
Method Cost Layout ;7 ;-estl; |Overall Cost all Wellbores (m)
(1,4,11,12}
{2,3,5,8}
{6,7,22,24}
Lillevik’s {13,16,17,19}
{14,15,18,20} .
o 125,26,27,30}; 157.47 x 10
{9} {10} {21}
{23} {28} {29}
{31}
11,2,3,4}
{5,6,7,8}
— 16,17,18,20}
cstsite = 300 { o
Ours cstep, =20 | 119,21,22,24} 3
(Case 3.1) | cstgry = 1e6 | 120-26:27:30): | 11999913 | 155770.16) 150.50 x 10
. (:sifF'2 —co | U011
sE4 =20 1 {12} {13} {14}
{15} {23} {28}
{29} {31}
(2,3,4,5)
{16,17,18,20};
cstsize = 300 (6,19} {7.8}
Ours cstspr =20 | {9,10} {11,12} .
(Case3.2) | cstep, =30 |{13,14} {21,22} 118542.95 | 154313.98| 149.35x 10
cstgpq = 50 | 123,24} {2527}
{26,30} {28,31};
{1} {15} {29}
{1,4} {2,11}
{3,5} {7.8}
cstgire = 100 {13,14} {16,20}
Ours cstep, =20 | 121,22} (25,27}
(Case33) | cstars—30 |(2630} 2831}: 11528694 | 151057.97| 148.44 x 10°
. cstzii _5o | 10319} 1103
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Table. 5-5 Number of Useful Clusters (Satellites, 2-slot and 4-slot Mixed)

Number of Useful Clusters of Size k
k=4 k=2 k=1
Case 3.1
Case 3.2 213 133 31
Case 3.3 6 58
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Fig. 5.7 Optimal Layout for Case 3.1
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5.3.4 Case 4: vacant slot allowed

The cases above have demonstrated the feasibility and advantage of our method,

especially comparing to the existing work, and it will be quite meaningless to show more

cases of the layout of mixing satellite, 2-slot, 4-slot, 6-slot, etc.

Practically, the m-slot template may not be fully occupied, for example, one 4-slot

template only connects 3 wells with 1 slot left vacant. To deal with such a scenario, we

can simply add the cluster of size 3 into Equation (5-3) and set csty, ; = cstg, , . Take the

Case 3.2 for comparison. Results are shown in Table. 5-4. Compared to the Case 3.2, we

can see that with vacant slot allowed, the overall cost is reduced because of less clusters

of small sizes, while the total length of all wellbores is increased.

Table. 5-6 Result for the Layout of with Vacant Slot Allowed

N
Usercc(l)e;tt'lned Layout jzl 7, -¢cstT;  |Overall Cost a}i()\;efll:lIf;:)Irgf:t? (ﬁ)
{1,3,4,5};
CStsice = 300 | (211,12} {13,14,15}
Case 4 cstspy = 20 {16,18,20}
cStsp, = 30 {21,22,24}; 118192.40 | 153963.43| 149.58 x 103
cstspz =50 | {6,19} {7,8} {9,10}
CStspq = 50 {17,23} {25,27}
{26,30} {28,31}; {29}
Table. 5-7 Number of Useful Clusters (vacant slot allowed)
Number of Useful Clusters of Size k
k=4 k=3 k=2 k=1
Case 4 213 237 133 31
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5.4 Further Discussion
5.4.1 Variable Water Depth
For simplicity of the Case Study above, we made the Basic Assumption 2 where the
water depth is assumed to be constant across the field, resulting in the cost above kickoff
point as an invariant for a given set of user-defined cost once the kickoff depth is fixed.
However practically, the depth of the water can change over the lateral extent of the field,
resulting in large difference in the cost above kickoff point, where the cost above kickoff
point can no longer be treated as invariant. For such a scenario, the solution is quite easy:

modify the Equation (5-2) to let the total cost of a cluster ¢s¢7; include the cost above

the kickoff of the cluster.

5.4.2 Involving the Cost of Flowlines on Seabed

If we want to involve the cost of flowlines on seabed into the overall cost, we can
firstly use the method introduced in this study to obtain the global optimal layout of
wellheads, i.e., the wellheads’ positions, which will then be used as the input for the BLP
method introduced in Chapter 4 to obtain the global optimum for flowlines. This
workflow cannot guarantee the global optimum for the overall cost because the cost of
flowlines directly depends on the layout of wellheads, but not the layout of completion
intervals. Nevertheless, as the cost for wellbores is much higher than the cost for flowlines,
we can safely regard the sum of these two correlated global optimal results as an
extremely good optimum which is very likely to be the global optimum.

Strictly, to ensure the global optimum, we should enumerate the layouts of wellheads
from the minimum cost to a higher cost where the gap between the higher cost and the
minimum cost is enough to cover the cost of flowlines.

5.4.3 Strategy for Grid Resolution

Table. 5-8 shows an example where the coarse resolution cannot obtain global
optimal layout: for Dataset 1, set the cost of drilling site preparation and subsea facilities
to be 0, then the layout result should be satellites only, just as the Case 1 for Dataset 2.
However, the result based on the grid value with the resolution of 200mx200m turns out
that there are two 2-slot templates in the optimal layout. Improving the resolution is the
logical solution, but it takes much longer time for pre-process. For example, the pre-
process time for the resolution of 50mX50m is 16 times that of the resolution of

200mx200m.
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Table. 5-8 Coarse Resolution Fails to Obtain Global Optimal Layout

N
Resolution | User-defined Total Length of all
cestT, g
(mXm) Cost Layout /Z:;}/ j 1 eSH | Overall Cost Wellbores (m)
{10,13}
200x200 CStsite = 0 {1.1’21} 69860.33 112394.39 112394.39
_ Satellite for the
CStSF 1= 0
’ others
cstgp, =0
cstepa =0
50%50 cStgpe =0 Satellite only 69814.39 112348.44 112348.44

Alternatively, we can use the 3D Dubins Curve method to refine the information of
useful clusters based on coarse grid values, i.e., to accurately calculate the optimal drilling

site £ ; and trajectory cost csty,,,  for each useful cluster of wells, and then obtain the

raj i
estT; . Come back to the real field Dataset 2 and take the Case 3.3 for example. If we set

a coarse grid in Pre-Step 1 and then use 3D Dubins Curve method in main Step 1, we will
still get the accurate values. The results are shown in Table. 5-9 and Appendix VI. We
can see that there is no difference in the optimal layout, and the difference in the cost
value is so small that we can safely ignore it. The additional computational time for using
3D Dubins Curve in main Step 1 is around 77 seconds, conducted on an Intel Core i7-
10750H CPU. The time of Pre-Step 1 under parallel computation of 4 workers is around
118 seconds for the resolution of 200mx200m and 1776 seconds for 50mx50m.

We can see that for the computation of a single case, it costs less time to use a coarse
grid and then use 3D Dubins Curve method in main Step 1. However, do not forget that
the result from Pre-Step 1 can be reused for other cases of different user-defined subsea
facility costs and site preparation costs. We can imagine that if the coarse grid values
cannot be used in main Step 1 and we must refine the information of useful clusters, then
after several computations of different cases, the sum of the additional time we spend on
main Step 1 in these different cases can easily exceeds the time saved by a coarse
resolution for pre-process.

Therefore, the strategy for grid solution is as follows:

1. If every cost function is well defined, practically it means that we have confirmed
the facility providers and service providers for the field development, and we just need to
find the optimal solution for one case, then we shall use coarse grid in Pre-Step 1,

followed by 3D Dubins Curve method in main Step 1.
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2. Otherwise, use a moderately fine resolution, but no need to be extremely fine.
Then only if we are not satisfied or have doubt in the results based on grid values, use 3D

Dubins Curve method in main Step 1 to refine the information of useful clusters.

Table. 5-9 Comparison between Grid Value and Accurate Value for Case 3.3

N
Total Length of
) estT, g
Method |User-defined Cost| Layout /Z:l:}/] cst ; |Overall Cost all Wellbores (m)
{1,4} {2,11}
13,5} {7.8}
{13,14} {16,20}
Case 3.3 121,22} {25,27}
(50%50) 2630} 283135 11528691 | 151057.97 |  148437.96
{6} {9} {10}
{12} {15} {17}
CStsite =100 {18} {19} {23}
cstspy = 20 {24} {29}
cstep, = 30 {1,4} {2,11}
Case 3.3 cStsp,q = 50 13,5} 7.8}
(200%200 & {13,14} {16,20}
refinement {21,22} {25,27}
by 3D {2630} {28,31};| 115284.97 | 151056.00 |  148436.00
Dubins 16} 19 (10}
method) {12} {15} {17}
{18} {19} {23}
{24} {29}
5.5 Summary

Based on the two methods introduced in Chapter 3 and Chapter 4, we build an
efficient global-optimal method to deal with the location-allocation problem of drilling
sites to optimize the subsea field layout with the aim of minimizing the overall field
development cost. A flowchart which clearly shows the full process of our method is
created. Case studies show how the cost items affect the optimal layout. The correctness
and the flexibility of our method to solve the comprehensive and practical subfield
optimization problems are well demonstrated. Besides, the strategy for grid resolution is
also discussed. We are confidently expecting that significant amount of money can be

saved by the global optimal solution provided by our method in the field development.
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Chapter 6. Industrial Application

One of the SUBPRO industrial partners --- Equinor --- provided us some valuable
real field data as shown in Appendix VII. The dataset provides the trajectories of 19 wells
drilled from 4 templates or drilling sites. The target is to minimize the total wellbore

length.

6.1 Preprocessing of the Given Data
From the given data, we can easily plot the trajectories as Fig. 6.1 shows. The
positive Y direction is towards the north. The total length of all 19 wellbores is 91685m.
There are three special wells --- #2d (#8), #2e (#9) and #3d (#13) --- which have three

turns in their angle, as the red arrows indicate in Fig. 6.1.

-1000
z -2000 8000

-3000

-4000 -

20000

Fig. 6.1 Given Trajectories

For instance, zoom into the Well #3d, as shown in Fig. 6.2. Obviously, the engineers
wanted to avoid something in the formation. However, the industrial partner did not

provide us the formation details. For a fair comparison, we should eliminate the effect
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these three special wells, otherwise, our 3D Dubins Curve method will definitely get

much shorter length than the given data.

-1500 —
3D Dubins Curve
-2000 —

-2500

-3000

2500

4000

Fig. 6.2 Trajectory Comparison of the Well #3d

6.2 Results Comparison
6.2.1 Same Allocation, Same Template Location

Firstly, we use the same template location and same allocation as the given data and
get the result as shown in Fig. 6.3. The wellbore length comparison is shown in Table.
6-1 where the three special wells are marked in red. We can see that except the three
special wells, the wellbore length differences are very small. Actually, they are the same
except some numerical errors caused by survey method in the given data. For example,
the trajectory comparison of Well #5 which has the biggest difference is shown in Fig.
6.4, where (a) is the 3D view, (b) and (c) are the projected 2D view. We can clearly see
that the given trajectory is making a sharper turn at the end of the build-up section, making
the wellbore length a bit shorter than the 3D Dubins Curve which strictly fulfills the
dogleg severity constraint. A sharper turn means the given trajectory exceeds the dogleg
severity slightly. This comparison validates the correctness of our 3D Dubins Curve
method and reveals that our method can mitigate the numerical error compared to the

method used by Equinor.
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Fig. 6.4 Trajectory Comparison of Well #5
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Table. 6-1 Wellbore Length (m) Comparison

Samel allogation & Same allocation & optimized location
ocation
Index Given data . . Difference per
Calculated | Difference | Calculated | Difference Template(cluster)
#1 4958.99 | 4960.976 1.99 4958.658 -0.33
#2 3471.67 | 3475.495 3.82 3505.883 34.21
#3 414722 | 4150.76 3.54 4113395 | -33.82 o798
#4 4553.71 | 4566.191 12.48 | 4385.672 | -168.04
#5 6483.78 | 6503.577 | 19.80 | 6370.956 | -112.82
#6 3789.73 | 3793.807 4.08 3719.092 | -70.64
#7 4588.19 | 4601.823 13.63 | 4154.734 | -433.46 -1868.42
#8 5143.43 | 4370.384 | -773.05 | 4236.991 | -906.44
#9 4647.63 | 4500.181 | -147.45 | 4302.567 | -345.06
#10 3922.29 | 3923.924 1.63 4098.363 | 176.07
#11 5036.6 | 5048.193 11.59 | 5331.111 | 294.51
#12 5452.51 | 5459.323 6.81 5330.923 | -121.59
#13 5260 5063.407 | -196.59 | 4773.403 | -486.60 910
#14 5372.82 | 5390.081 17.26 | 5176.495 | -196.33
#15 4597.01 | 4598.772 1.76 4537.837 | -59.17
#16 4889.86 | 4890.044 0.18 4984.867 95.01
#17 6219.7 | 6233208 | 13.51 | 6020.806 | -198.89
#18 3199.63 | 3199.741 0.11 3262.837 63.21 22
#19 5950.18 | 5952.154 1.97 5758.408 | -191.77

6.2.2 Same Allocation, Optimized Template Location
If we use the same allocation but with template location optimized, the result is
shown in Table. 6-1 and Table. 6-2. The optimized template position makes some
wellbores longer, as the blue color indicates in Table. 6-1, but it guarantees the total length
of all wellbores connected to the same template to be minimum.

Table. 6-2 Comparison of Template Location

Template Given Data Optimized Location
North East North East
#1 0 0 277 72
#2 1678 1198 1919 420
#3 4702 2276 4558 2623
#4 4246 17222 4361 17601
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6.2.3 Arbitrary User-defined Costs and Constraints

Unfortunately, Equinor cannot provide the cost items or functions, therefore we
cannot tell if their allocation is the economically global optimum. But we demonstrated
the power of handling various user-defined costs and constraints, which is very similar to
the Case Study in Section 5.3. Table. 6-3 and Fig. 6.5 show some cases: from case (a) to
(b), we can see the effect of cstg;, on the optimal layout; from case (b) to (c), we can see
how the constraint on the number of templates affects the optimal layout; case (d) and (e)
show how we can manipulate the user-defined cost or/and constraints to get the same
allocation as the given one.

Table. 6-3 Examples of Different User-defined Costs and Constraints

Case User-defined Costs User-defined Optimal Layout
Subsea Facility | Drilling Site Constraints Allocation
[1,2,3][4,8,9]
o [10,12,15][16,18,19];
(a) cStgire = 500 [6.7] [13,14];
[STM11][17]
[4,6,8,9] [10,11,12,15];
- [1,2,3][16,18,19];
(b) cstgire = 1000 [5.7] [13.14];
(17]
cstepq = 20
cstspp =70 [10,11,12,13,14,15];
' Number of o T1s 1m0 10
cstspz =70 _ [4,6,8,9] [16,17,18,19];
(c) CStgpg = 70 cstgire = 1000 terrg)lgtes [123]:
CStSF,S =70 - [597]
cstegpg =70
Number of
(d) cStgire = 1000 | templates
=4 [10,11,12,13,14,15];
[5,6,7,8,9];
[1,2,3,4][16,17,18,19]
(Given Allocation)
(e) cStgire = 2500
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Fig. 6.5 Optimal Layout of Differer(l(t:)User-deﬁned Costs and Constraints
6.3 Summary
This chapter shows the real field data test provided by Equinor. This test is a solid
validation of our method. Besides, we accidentally find our method can also mitigate the
numerical errors in the trajectory design compared to the current method used by Equinor.
Even though limited by the available data, the most lucrative part --- BLP method for
optimal allocation --- is yet to be compared, we have demonstrated the flexibility of our
method in handling user-defined costs and constraints. The Equinor engineer was very
impressed that our method could get the results --- which cost them two weeks --- within

just a coffee break!
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Chapter 7. Conclusion and Suggestion for Future Work

This study has successfully built an efficient systematic method to optimize the
subsea field layout with the aim of minimizing the overall field development cost. The
complex optimization problem has been divided into 3 parts and conquered one by one:

Based on the CSC family of 2D Dubins Curve, we have proposed the 3D Dubins
Curve for well trajectory design. As for the location-allocation problem, we have
proposed a BLP method which is far more efficient than the conventional MINLP method
or ILP method to get the global optimum. At last, we have systematically combined these
two methods to solve the complex subsea field layout optimization problem.

Abundant case studies and a real field test provided by Equinor have demonstrated
the big advantage of our method in both accuracy and efficiency.

As for the future work, we suggest exploring the application of the 3D Dubins Curve
method in complex underground formations. The BLP method for the location-allocation
problem in continuous space should have a much wider application in more disciplines.
Our systematic method for subsea field layout optimization method will be developed
into an industrial software to benefit the petroleum industry better. For a better application
of our method in the petroleum industry, we will also explore a better way to help users

build the user-defined cost functions based on the users’ available cost data.
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Appendix 1.

Appendix I. List of Symbols
Chapter 3
k : number of completion intervals;

B, : kickoff point for the i-th well, 3D coordination is (Px,, Py,, Pz, ;)

V., drilling direction vector of the i-th well, in this study all V}, is (0,0,-1)

P, : start point of the i-th well completion interval, 3D coordination is
(Px,,. Py, . Pz,,)

V,;: drilling direction vector of the i-th well completion interval, 3D coordination
is (szw,.,Vsz,szJ)

Z,: highest kickoff point for i-th well

x : max allowed turning rate/dogleg severity, ©/100m

7., - minimum allowed turning radius, m

D : optimal drilling site, 3D coordination is (Px,, Py,,0)

Lc: length of the non-straight/circular section
Ls : length of the straight section
0 : deviation angle of the straight section

estC(Le): cost function of the non-straight section
estS(Ls, 6’) : cost function of the straight section

COST (B.V,,P,,V,,r),: cost function of the i-th well
T : straight section vector in the Dubins Curve

Note:

1. For the subscription i denoting the parameters of the i-th well, it may be omitted

such as (Px;, Py,, Pz, ;) when all wells share the same value or when we are just focusing
on one specific well such as Equation (3-1). The subscription i may also be merged
outside the parenthesis such as Equation (3-4).

2. The other symbols related with Dubins Curve are not listed here as they do not

show up other than Section 3.3.2.
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Chapter 4
k : number of manifolds

m : cluster size, i.e., number of wells connected to the manifold
n : number of all wells

h : number of remaining wells that cannot be clustered into the size of m
i, j,ii, jj : index for computation

N : number of all possible clusters or useful clusters

N, : number of all useful clusters of size m

N, : number of all useful clusters of size

p,: i-th well position, (x,, y,)

0 : MINLP integer/binary variable matrix

C : MINLP continuous variable matrix

v : BLP binary variable vector

A : BLP coefficient matrix
Chapter 5

R;: (Pxo’j, Py, ,.,O) , drilling site position for j-th cluster, vertically above the
corresponding kickoff point(s)

. (Px;, Py, Pz ;) , highest allowed kickoff point for i-th well

V. (0,0,-1), the drilling direction at £,

P, (szgi,Pyz,i,Pzz,i ) , start point of the i-th completion interval

B;: (le,.,Py}J,le,) , end point of the first segment of i-th completion interval

Vi (sz‘i, Vyyis sz’i) , drilling direction at P,

K : maximum turning rate/dogleg severity, °/30m

7. - Minimum turning rate radius, m

cst,, . preparation cost for one drilling site

cstg - cost of the subsea facility for a m-slot template; particularly, when m=1, it

means satellite well

n : number of all wells
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n,, : number of drilling site
ng ,, - number of m-slot subsea facilities

cst,. ... wellbore cost of i-th well

Traj,i
cstT; : total cost of j-th cluster
N, : number of clusters of size m
v : BLP binary variable vector

Lc: length of the non-straight/circular section
Ls : length of the straight section

0 : inclination angle of the straight section

estC(Lc): cost function of the non-straight section

cstS(Ls,0): cost function of the straight section
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Appendix II. 100 Random Points (Chapter 4)

Index X Y Index X Y Index X Y

1 53.71210 | 15.30460 | 38 9.55590 | 11.42190 | 75 23.98760 | 9.40300
2 56.54320 | 21.41880 | 39 | 35.66190 | 9.93330 76 | 30.33130 | 6.93480
3 20.10500 | 15.45620 | 40 19.86600 | 15.12240 | 77 10.15840 | 12.48190
4 26.24180 | 18.17600 | 41 39.51680 | 16.93710 | 78 31.48470 | 8.96400
5 28.26940 | 29.00110 | 42 51.81810 | 23.01590 | 79 | 38.47220 | 20.17310
6 8.95860 | 24.66350 | 43 34.05740 | 23.39600 | 80 0.97180 | 28.14770
7 8.15190 | 9.53250 44 | 58.82890 | 14.52290 | 81 50.21110 | 10.29440
8 31.94990 | 17.63090 | 45 | 47.50990 | 24.06640 | 82 | 48.20770 | 16.88890
9 43.54740 | 3.90610 46 9.15560 | 14.13040 | 83 41.86710 | 3.56670
10 | 23.92220 | 7.63060 47 | 4998160 | 6.08280 84 | 27.71330 | 5.07060
11 21.50510 | 24.09090 | 48 11.51180 | 17.38840 | 85 4.95680 | 8.36690
12 17.11680 | 20.03540 | 49 | 38.33920 | 19.99500 | 86 | 49.24300 | 16.70440
13 52.11810 | 0.40880 50 | 40.14000 | 20.30300 | 87 11.58120 | 14.56770
14 | 37.58480 | 16.84740 | 51 46.32530 | 28.27530 | 88 26.72130 | 28.56670
15 14.47030 | 13.63680 | 52 | 22.78910 | 23.10450 | 89 0.77750 | 6.95760
16 | 58.68490 | 27.14850 | 53 26.49510 | 22.12210 | 90 18.52450 | 14.35980
17 38.43000 | 8.46480 54 | 28.98360 | 2598790 | 91 52.52110 | 15.79570
18 13.79090 | 1.95100 55 36.48630 | 29.72840 | 92 50.11560 | 23.78160
19 | 40.88010 | 14.29780 | 56 10.55970 | 15.11780 | 93 19.98570 | 5.79020
20 | 39.94940 | 29.51140 | 57 0.12150 | 18.87260 | 94 52.84230 | 27.28800
21 8.08310 | 27.67050 | 58 | 47.41340 | 23.77830 | 95 28.78120 | 27.66590
22 1.34960 | 16.83590 | 59 | 30.81650 | 13.45950 | 96 | 33.64900 | 0.39800
23 15.73200 | 19.56970 | 60 12.79380 | 15.73070 | 97 36.95450 | 23.02650
24 6.99090 | 23.18040 | 61 6.20700 | 5.14420 98 39.71390 | 28.42030
25 4.15910 | 3.18530 62 9.44020 | 3.92000 99 | 36.99800 | 24.39920
26 | 51.17580 | 0.03220 63 24.45090 | 6.56340 100 | 41.10840 | 27.71490
27 10.81980 | 16.25290 | 64 | 24.46540 | 3.16440

28 1.94510 | 0.20570 65 3.16160 | 4.24280

29 | 44.03560 | 13.54010 | 66 | 56.50890 | 13.70900

30 | 32.19100 | 5.86990 67 8.99830 | 23.64400

31 16.56180 | 23.61430 | 68 | 23.06240 | 8.43190

32 | 22.10750 | 18.55690 | 69 18.66350 | 6.74360

33 0.77320 | 0.46560 70 10.11210 | 27.26620

34 | 53.35240 | 26.72560 | 71 53.79890 | 0.21990

35 51.96120 | 22.85110 | 72 19.36350 | 17.66220

36 15.25480 | 27.21110 | 73 44.03980 | 16.26350

37 34.16880 | 22.75710 | 74 | 24.65430 | 19.60570
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Appendix III. Algorithm of Finding Useful Clusters (Chapter 4)

1. function AllCluster=enumPivot(AdjMatrix,LVL,N)

2. AM=AdjMatrix;

3. AllCluster=[]; % Initialize

4. for pivot=1:N-LVL+1 % LVL: cluster size; N: number of points

5. pivotComb=pivot;

6. 1vl=1;

7. while 1vI1<LVL

8. comblvl=[1];

9. for i=1:size(pivotComb,1)

10. AM_temp=AM;

11. AM_temp(:,pivotComb(i,:)-(pivot-1))=0; % avoid neighbors from itself
12, connection=find( any(AM_temp(pivotComb(i,:)-(pivot-1),:), 1) )+pivot-1;
13. %get all the connected points(neighbors) to the pivotComb

14. connection=connection(:); % Make sure it's a Column Vector

15. pivotComb_New=[repmat(pivotComb(i,:), length(connection),1), connection];
16. comblvl=[comblvl; pivotComb_New];

17. end

18. comblvl=sort(comblvl,2); % sort each cluster by point index

19. comblvl=sortrows(comblvl); % sort clusters by its first point index
20. comblvl=unique(comblvl, 'rows'); % eliminate the repeated

21. %====-= Prepare for next 1lvl-----

22. 1vl=1v1+1;

23. pivotComb=comblvl;

24. end

25.

26. AllCluster=[AllCluster; comblvl];

27. %--Delete pivot information for simplification of next pivot--

28. AM(1,:)=[1;

29. AM(:,1)=[];

30. e

31. end

32. end
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Appendix IV.

Appendix IV. Distance Matrix, Adjacent Matrix, Modified Adjacent

Matrix of the Undirected Graph in Fig. 4.4 (Chapter 4)

IV.1. Distance Matrix
Ind |1 ]2 |3 (4|5 |6|7 8|9 ]10[11[12]13|14|15|16|17[18]19]20
1 lo|1 2|3 |3|4|5|4|4]4|3[3]|2|1]2|2]2|3]3]|3
2 1|01 2234|344 3|3 |21 |2]2]2|3]|3]3
32t joft 1232|343 |2|1]1]2]2]|2]|3|3]|3
4 321 ]o|1 22123211 |2]2|3[3|4]3]|3
s 32|t t o1 21233 |2|2[2]3|3[3|4|4]4
6 |4 |32 2101|1233 |2|3[3|3|4|4|5|4]4
7 5|43 22101 |1 ]|2|2|2|3[4|3|4|4|4|3]|3
8 |4 3|21t |1|1|of1]2]2]|1|2|3|[2[3][3]|4]3]3
9 faa |3 2221|101 |1 |1 |2[3[2]3[3[3]|2]2
1044433322101 ]2]3|3]2]3|2|2]1]1
1333 (2332|211 |lof1]2]2]1]2|2|3|2]1
23321222t |1t|2|1|o]1]|2]1]2|2|3|2]|2
Bl22 (112332232101 ]|1]|2]|2|3|2]2
w11 223433322101 ]|1|1|2]|2]2
15 2222333222ttt ]1]of1]|1|2]1]1
1622233443 |3 |3 |2(2]2]|1]1]0|1|2]|2]2
1722233443 |3 |2|2]2]|2]1|1]|1]0f|1]1]2
1833 (3|4 |45 |44 |3 23332221 ]0]1]2
19133 (3344332122221 ]2|1|1]0]1
2033 (3344|3321 |1]2]|2]2|1]2]2|2]1]0
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Appendix IV.

IV.2. Adjacent-1 matrix (distance<l, conventional adjacency matrix)

19 | 20

18

17

16

15

14

13

12

11

10

9

8

Ind

10

11

12

13

14

15

16

17

18

19

20
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Adjacent-2 matrix (distance<2)

IV.3.

19 | 20

18

17

16

15

14

13

12

11

10

9

8

Ind

10

11

12

13

14

15

16

17

18

19

20

99






Appendix V.

Appendix V. Dataset of Well Completion Intervals (Chapter 5)

V.1. Dataset1
Well Start Point End Point
Index X y z X y z
1 286 786 2500 71 1500 2500
2 2714 2786 2500 1786 2143 2500
3 2571 2714 2500 1571 3143 2500
4 1786 4143 2500 500 4714 2500
5 2000 4214 2500 2857 4000 2500
6 2786 4429 2500 3786 4500 2500
7 3000 5071 2500 3714 4714 2500
8 3357 5429 2500 3786 5214 2500
9 3714 3357 2500 4500 3429 2500
10 6786 3571 2500 6571 2857 2500
11 7143 4071 2500 6786 3786 2500
12 7500 4500 2500 6786 5286 2500
13 7500 4071 2500 8714 3929 2500
14 9429 6571 2500 8857 5929 2500
15 9571 4429 2500 10000 4286 2500
16 11357 4500 2500 11929 4143 2500
17 10214 5214 2500 10714 5643 2500
18 7857 6286 2500 8857 5821 2500
19 8429 4500 2500 7714 5357 2500
20 9643 3571 2500 9071 2857 2500
21 7714 3786 2500 7857 2857 2500
22 7571 893 2500 7143 571 2500
23 5357 3143 2500 4714 1929 2500
24 4500 4500 2500 5000 5143 2500
25 3357 1143 2500 3000 571 2500
26 1071 1714 2500 1500 2714 2500
27 786 786 2500 500 1571 2500
28 2643 5929 2500 1643 5429 2500
29 5929 2286 2500 6214 1071 2500
30 10571 3429 2500 11571 2571 2500
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Appendix V.

V.2. Dataset 2
Well Start Point End Point
Index X y z X y z
1 5565 5364 3850 5614 5335 4852
2 7578 6922 4368 8166 7252 4451
3 6939 5918 4179 6997 5920 4801
4 6630 5944 2066 6869 6075 2235
5 7188 5004 4311 6978 4553 4567
6 10500 6606 4284 10939 6969 4352
7 9586 5938 4143 10034 5781 4438
8 8661 5646 4117 8550 5311 4536
9 3595 3324 4409 3434 2902 4698
10 3918 4803 4219 3921 4524 4870
11 6960 7764 4361 6976 7785 4962
12 5957 7304 4234 5993 7303 4965
13 14262 8338 3992 14268 8316 4512
14 13577 8829 3527 13614 8788 4614
15 14984 9513 4086 15315 9737 4640
16 11993 6938 4114 11769 6560 4434
17 11972 8424 4009 12029 8426 4667
18 13520 6981 3800 13554 6945 4422
19 10463 7570 3939 10484 7545 4737
20 13283 7731 4355 13757 7882 4434
21 8287 9189 4858 7848 8910 4949
22 9330 8699 4299 9357 8534 4848
23 11658 9918 4265 11700 9881 4855
24 10356 9062 4278 10400 8892 4825
25 14367 10650 3584 14434 10507 4795
26 12852 11499 4474 12480 11367 4967
27 14568 10649 1901 14632 10176 2195
28 13977 15499 4540 13963 15852 5030
29 14467 12996 4712 14803 12691 5011
30 12748 11346 4424 12541 10953 4929
31 14652 14836 4163 14696 14954 5054
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Appendix VI.

Appendix VI. Drilling Site Positions (Grid Value) for Case Study

(Chapter 5)
VI.1. Casel
Drilling Site Position )

Well Index Grid Value Accurate Value Difference
1 [5550;5350;-500] [5564;5364;-500] [14;14;0]
2 [7150,6700;-500] [7139;6676;-500] [-11;-24;0]
3 [6950;5900;-500] [6937,5918;-500] [-13;18;0]
4 [6400;5800;-500] [6392;5814;-500] [-8;14;0]
5 [7300;5300;-500] [7319;5286;-500] [19;-14;0]
6 [10100;6300;-500] [10111;6284;-500] [11;-16;0]
7 [9350;6050;-500] [9331;6028;-500] [-19;-22;0]
8 [8700;5750;-500] [8703;5774;-500] [3;24,0]
9 [3700;3550;-500] [3689;3571;-500] [-11;21;0]
10 [3900;4850;-500] [3917,4849;-500] [17;-1;0]
11 [6950,7750;-500] [6960,7764,-500] [10;14;0]
12 [5950;7300;-500] [5956;7304;-500] [6;4;0]
13 [14250;8350;-500] [14262;8339;-500] [12;-11;0]
14 [13600;8850;-500] [13576;8830;-500] [-24;-20;0]
15 [14900;9450;-500] [14894;9452;-500] [-6;2;0]
16 [12100;7150;-500] [12113;7141;-500] [13;-9;0]
17 [11950,8400;-500] [11968;8422;-500] [18;22;0]
18 [13500,7000;-500] [13519;6982;-500] [19;-18;0]
19 [10450,7550;-500] [10463,7570;-500] [13;20,0]

20 [12800;7600;-500] [12823;7584;-500] [23;-16;0]
21 [8700;9450;-500] [8687,9443;-500] [-13;-7;0]
22 [9350,8700;-500] [9326:8724;-500] [-24;24;0]
23 [11650;9900;-500] [11656;9920;-500] [6:20;0]

24 [10350;9100;-500] [10349;9089;-500] [-1;-11;0]
25 [14350;10650;-500] [14365;10654;-500] [15:4;0]

26 [12950;11550;-500] [12970;11541;-500] [20;-9;0]
27 [14550;10900;-500] [14531;10919;-500] [-19;19;0]
28 [14000;15400;-500] [13981;15391;-500] [-19;-9;0]
29 [14300;13150;-500] [14276;13169;-500] [-24,19;0]
30 [12800;11450;-500] [12814;11472;-500] [14;22;0]
31 [14650;14850;-500] [14650;14831;-500] [0;-19;0]
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VI.2. Case2.1

Well Index

Drilling Site Position

[6200;5700;-500]

[7050,;7200;-500]

[7100;5600;-500]

[6200;5700;-500]

[7100;5600;-500]

[10250;6950;-500]

[9050;5900;-500]

[9050;5900;-500]

[3800;4200;-500]

[3800;4200;-500]

[7050;7200;-500]

[5950;7300;-500]

[13900;8600;-500]

[13900;8600;-500]

[14900;9450;-500]

[12050,7750;-500]

[12050,7750;-500]

[13200;7250;-500]

[10250;6950;-500]

[13200,7250;-500]

[9050;9050;-500]

[9050;9050;-500]

[11000;9500;-500]

[11000;9500;-500]

[14500;10850;-500]

[12900;11500;-500]

[14500;10850;-500]

[14350;15100;-500]

[14300;13150;-500]

[12900;11500;-500]

W (N[ oo === = === = ==
2SS B IR QR AIRIDINIR S| | QA m Do = (S0 Q[on|wvn & |w (| —

[14350;15100;-500]
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Appendix VI

VL3.

Case 2.2

Well Index

Drilling Site Position

[6200;5700;-500]

[7050,;7200;-500]

[7100;5600;-500]

[6200;5700;-500]

[7100;5600;-500]

[10100;6300;-500]

[9050;5900;-500]

[9050;5900;-500]

[3700;3550;-500]

[3900;4850;-500]

[7050;7200;-500]

[5950;7300;-500]

[13900;8600;-500]

[13900;8600;-500]

[14900;9450;-500]

[12450,7350;-500]

[11950;8400;-500]

[13500,7000;-500]

[10450,7550;-500]

[12450,7350;-500]

[9050;9050;-500]

[9050;9050;-500]

[11650;9900;-500]

[10350;9100;-500]

[14500;10850;-500]

[12900;11500;-500]

[14500;10850;-500]

[14350;15100;-500]

[14300;13150;-500]

[12900;11500;-500]

W (N[ oo === = === = ==
2SS B IR QR AIRIDINIR S| | QA m Do = (S0 Q[on|wvn & |w (| —

[14350;15100;-500]
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Appendix VI.

VI.4. Case 3.1

Well Index Drilling Site Position
1 [6450;5900;-500]
2 [6450;5900;-500]
3 [6450;5900;-500]
4 [6450;5900;-500]
5 [8900;5800;-500]
6 [8900;5800;-500]
7 [8900;5800;-500]
8 [8900;5800;-500]
9 [3700;3550;-500]
10 [3900;4850;-500]
11 [6950;7750;-500]
12 [5950;7300;-500]
13 [14250;8350;-500]
14 [13600;8850;-500]
15 [14900,9450;-500]
16 [12600;7500;-500]
17 [12600;7500;-500]
18 [12600;7500;-500]
19 [9750;8650;-500]
20 [12600;7500;-500]
21 [9750;8650;-500]
22 [9750;8650;-500]
23 [11650;9900;-500]
24 [9750;8650;-500]
25 [14000;11050;-500]
26 [14000;11050;-500]
27 [14000;11050;-500]
28 [14000;15400;-500]
29 [14300;13150;-500]
30 [14000;11050;-500]
31 [14650;14850;-500]
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VLS.

Case 3.2

Well Index

Drilling Site Position

[5550;5350;-500]

[6750;5850;-500]

[6750;5850;-500]

[6750;5850;-500]

[6750;5850;-500]

[10250;6950;-500]

[9050;5900;-500]

[9050;5900;-500]

[3800;4200;-500]

[3800;4200;-500]

[6450,7550;-500]

[6450,7550;-500]

[13900;8600;-500]

[13900;8600;-500]

[14900;9450;-500]

[12600,7500;-500]

[12600;7500;-500]

[12600,7500;-500]

[10250;6950;-500]

[12600,7500;-500]

[9050;9050;-500]

[9050;9050;-500]

[11000;9500;-500]

[11000;9500;-500]

[14500;10850;-500]

[12900;11500;-500]

[14500;10850;-500]

[14350;15100;-500]

[14300;13150;-500]

[12900;11500;-500]

W (N[ oo === = === = ==
2SS B IR QR AIRIDINIR S| | QA m Do = (S0 Q[on|wvn & |w (| —

[14350;15100;-500]
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Appendix VI.

VI.6. Case3.3

Drilling Site Position .

Well Index Grid Value £ Accurate Value Difference
1 [6200;5700;-500] [6183,5702;-500] [-17;2,0]
2 [7050;7200;-500] [7037,7211;-500] [-13;11;0]
3 [7100;5600;-500] [7122;5594;-500] [22;-6,0]
4 [6200;5700;-500] [6183,5702;-500] [-17;2;0]
5 [7100;5600;-500] [7122;5594;-500] [22;-6,0]
6 [10100;6300;-500] [10111;6284;-500] [11;-16;0]
7 [9050;5900;-500] [9025;5890;-500] [-25;-10;0]
8 [9050,5900;-500] [9025,5890;-500] [-25;-10;0]
9 [3700;3550;-500] [3689;3571;-500] [-11;21;0]

10 [3900;4850;-500] [3917;4849;-500] [17;-1;0]
11 [7050,7200;-500] [7037;7211;-500] [-13;11;0]
12 [5950,7300;-500] [5956;7304;-500] [6;4;0]
13 [13900;8600;-500] [13892;8604;-500] [-8;4;0]
14 [13900;8600;-500] [13892;8604;-500] [-8;4;0]
15 [14900;9450;-500] [14894;9452;-500] [-6;2;0]
16 [12450,7350;-500] [12470;7347;-500] [20;-3;0]
17 [11950;8400;-500] [11968;8422;-500] [18;22;0]
18 [13500;7000;-500] [13519;6982;-500] [19;-18;0]
19 [10450,7550;-500] [10463;7570;-500] [13;20;0]
20 [12450,7350;-500] [12470;7347;-500] [20;-3;0]
21 [9050;9050;-500] [9025;9052;-500] [-25;2;0]
22 [9050;9050;-500] [9025;9052;-500] [-25;2;0]
23 [11650;9900;-500] [11656;9920;-500] [6;20;0]
24 [10350;9100;-500] [10349;9089;-500] [-1;-11;0]
25 [14500;10850;-500] [14482;10858;-500] [-18;8;0]
26 [12900;11500;-500] [12893;11505;-500] [-7;5;0]
27 [14500;10850;-500] [14482;10858;-500] [-18;8;0]
28 [14350;15100;-500] [14329;15104;-500] [-21;4,0]
29 [14300;13150;-500] [14276;13169;-500] [-24;19;0]
30 [12900;11500;-500] [12893;11505;-500] [-7;5;0]
31 [14350;15100;-500] [14329;15104;-500] [-21;4;0]
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Appendix VI

VI.7. Case4

Well Index

Drilling Site Position

[6500;5650;-500]

[6700;7250;-500]

[6500;5650;-500]

[6500;5650;-500]

[6500;5650;-500]

[10250;6950;-500]

[9050;5900;-500]

[9050;5900;-500]

[3800;4200;-500]

[3800;4200;-500]

[6700;7250;-500]

[6700;7250;-500]

[14200;8900;-500]

[14200;8900;-500]

[14200;8900;-500]

[12850,7200;-500]

[11800;9150;-500]

[12850,7200;-500]

[10250;6950;-500]

[12850,7200;-500]

[9500;9050;-500]

[9500;9050;-500]

[11800;9150;-500]

[9500;9050;-500]

[14500;10850;-500]

[12900;11500;-500]

[14500;10850;-500]

[14350;15100;-500]

[14300;13150;-500]

[12900;11500;-500]

W (N[ oo === = === = ==
2SS B IR QR AIRIDINIR S| | QA m Do = (S0 Q[on|wvn & |w (| —

[14350;15100;-500]
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Appendix VIL

Appendix VII. Real Field Data from SUBPRO Industrial Partner
(Chapter 6)

VIL.1. Trajectory of Well #1a (#1)

Depth |Inclination| Azimuth TVD North East A DLS
(m) © (@) (m) (m) (m) (m) | (/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0
1830 3 71.975 | 1829.99 0.24 0.75 0.65
1860 6 71.975 | 1859.89 0.97 2.98 2.59
1890 9 71.975 | 1889.63 2.18 6.71 5.82
1920 12 71.975 | 1919.12 3.87 11.91 10.33
1950 15 71.975 | 1948.29 6.04 18.56 16.11
1980 18 71.975 | 1977.05 8.68 26.67 23.14

2006.31 20.631 71.975 | 2001.88 11.37 34.94 30.32
2010 20.631 71.975 | 2005.33 11.77 36.18 314
2040 20.631 71.975 | 2033.41 15.04 46.23 40.12
2070 20.631 71.975 | 2061.49 18.31 56.28 48.84
2100 20.631 71.975 | 2089.56 21.58 66.33 57.57
2130 20.631 71.975 | 2117.64 24.86 76.38 66.29
2160 20.631 71.975 | 2145.71 28.13 86.44 75.01
2190 20.631 71.975 | 2173.79 314 96.49 83.74
2220 20.631 71.975 | 2201.87 34.67 106.54 92.46
2250 20.631 71.975 | 2229.94 37.94 116.59 101.18
2280 20.631 71.975 | 2258.02 41.21 126.64 109.91
2310 20.631 71.975 | 2286.09 44.48 136.7 118.63
2340 20.631 71.975 | 2314.17 47.75 146.75 127.36
2370 20.631 71.975 | 2342.25 51.02 156.8 136.08
2400 20.631 71.975 | 2370.32 54.29 166.85 144.8
2430 20.631 71.975 2398.4 57.56 176.9 153.53
2460 20.631 71.975 | 242647 60.83 186.95 162.25
2490 20.631 71.975 | 2454.55 64.11 197.01 170.97
2520 20.631 71.975 | 2482.63 67.38 207.06 179.7
2550 20.631 71.975 2510.7 70.65 217.11 188.42
2580 20.631 71.975 | 2538.78 73.92 227.16 197.14
2610 20.631 71.975 | 2566.85 77.19 237.21 205.87
2640 20.631 71.975 | 2594.93 80.46 247.27 214.59
2670 20.631 71.975 | 2623.01 83.73 257.32 223.31

2700 20.631 71.975 | 2651.08 87 267.37 232.04
2730 20.631 71.975 | 2679.16 90.27 277.42 240.76
2736.67 | 20.631 71.975 2685.4 91 279.66 242.7

2760 22.369 67.723 | 2707.11 93.96 287.67 249.93
2790 24.74 63.119 | 2734.61 98.96 298.56 260.54

WIWIOIC|ICICICICICICICICICICICICCICI0ICICICICIC|ICICICIC|W|W|IWIWIW|IWIW|O
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2820 27.229 59.291 | 2761.58 105.3 310.06 272.58 3
2850 29.806 56.069 | 2787.93 112.97 322.15 286.03 3
2880 32.449 53.322 | 2813.61 121.94 334.79 300.85 3
2910 35.144 50.95 2838.54 | 132.19 347.96 317.01 3
2940 37.879 48.877 | 2862.65 143.69 361.6 334.44 3
2970 40.646 47.045 | 2885.88 | 156.41 375.7 353.12 3
3000 43.439 45.41 2908.16 | 170.31 390.2 372.98 3
3030 46.253 43.935 | 2929.43 185.36 405.06 393.97 3
3060 49.085 42.593 | 2949.63 | 201.51 420.26 416.04 3
3090 51.93 41.362 | 2968.71 | 218.72 435.73 439.12 3
3120 54.788 40.223 | 2986.61 | 236.95 451.46 463.15 3
3150 57.655 39.162 | 3003.29 | 256.14 467.38 488.06 3
3180 60.531 38.166 | 3018.69 | 276.23 483.45 513.8 3
3210 63.414 37.225 | 3032.79 | 297.19 499.64 540.28 3
3240 66.303 36.331 | 3045.53 | 318.94 515.9 567.43 3
3270 69.196 35475 | 3056.89 | 341.43 532.18 595.18 3
3300 72.094 34.652 | 3066.83 | 364.59 548.43 623.45 3
3330 74.995 33.855 | 3075.33 | 388.37 564.62 652.17 3
3360 77.899 33.079 | 3082.36 412.7 580.7 681.26 3
3390 80.805 32.32 3087.9 437.51 596.63 710.63 3
3420 83.712 31.574 | 3091.94 | 462.73 612.36 740.21 3
3450 86.621 30.836 | 3094.47 488.3 627.84 769.91 3
3480 89.53 30.102 | 309548 | 514.14 643.04 799.66 3
3485.08 | 90.022 29.978 3095.5 518.53 645.59 804.7 3
3510 90.022 29.978 | 3095.49 | 540.12 658.04 829.4 0
3540 90.022 29.978 | 3095.48 | 566.11 673.03 859.13 0
3570 90.022 29.978 | 3095.47 | 592.09 688.02 888.87 0
3600 90.022 29.978 | 3095.46 | 618.08 703.01 918.6 0
3630 90.022 29.978 | 3095.44 | 644.07 718 948.34 0
3660 90.022 29.978 | 3095.43 | 670.05 732.99 978.07 0
3690 90.022 29.978 | 3095.42 | 696.04 747.98 | 1007.81 0
3720 90.022 29.978 | 3095.41 | 722.03 762.97 | 1037.55 0
3750 90.022 29.978 3095.4 748.01 777.96 | 1067.28 0
3780 90.022 29.978 | 3095.39 774 792.95 | 1097.02 0
3810 90.022 29.978 | 3095.37 | 799.99 807.94 | 1126.75 0
3840 90.022 29.978 | 3095.36 | 825.97 82293 | 1156.49 0
3870 90.022 29.978 | 3095.35 | 851.96 837.92 | 1186.22 0
3900 90.022 29.978 | 3095.34 | 877.95 852.91 1215.96 0
3930 90.022 29.978 | 3095.33 | 903.93 867.9 1245.7 0
3960 90.022 29.978 | 3095.32 | 929.92 882.89 | 1275.43 0
3990 90.022 29.978 3095.3 955.9 897.88 | 1305.17 0
4020 90.022 29.978 | 3095.29 | 981.89 912.87 1334.9 0
4050 90.022 29.978 | 3095.28 | 1007.88 | 927.86 | 1364.64 0
4080 90.022 29.978 | 3095.27 | 1033.86 | 942.85 | 1394.37 0
4110 90.022 29.978 | 3095.26 | 1059.85 | 957.84 | 1424.11 0
4140 90.022 29.978 | 3095.25 | 1085.84 | 972.83 | 1453.84 0
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4170 90.022 29.978 | 3095.24 | 1111.82 | 987.82 | 1483.58 0
4200 90.022 29.978 | 3095.22 | 1137.81 | 1002.81 | 1513.32 0
4230 90.022 29.978 | 3095.21 1163.8 1017.8 | 1543.05 0
4260 90.022 29.978 3095.2 | 1189.78 | 1032.79 | 1572.79 0
4290 90.022 29.978 | 3095.19 | 1215.77 | 1047.78 | 1602.52 0
4320 90.022 29.978 | 3095.18 | 1241.76 | 1062.77 | 1632.26 0
4350 90.022 29.978 | 3095.17 | 1267.74 | 1077.76 | 1661.99 0
4380 90.022 29.978 | 3095.15 | 1293.73 | 1092.75 | 1691.73 0
4410 90.022 29.978 | 3095.14 | 1319.72 | 1107.74 | 1721.46 0
4440 90.022 29.978 | 3095.13 1345.7 | 1122.73 1751.2 0
4470 90.022 29.978 | 3095.12 | 1371.69 | 1137.72 | 1780.94 0
4500 90.022 29.978 | 3095.11 | 1397.68 | 1152.7 | 1810.67 0
4530 90.022 29.978 3095.1 1423.66 | 1167.69 | 1840.41 0
4560 90.022 29.978 | 3095.08 | 1449.65 | 1182.68 | 1870.14 0
4590 90.022 29.978 | 3095.07 | 1475.64 | 1197.67 | 1899.88 0
4620 90.022 29.978 | 3095.06 | 1501.62 | 1212.66 | 1929.61 0
4650 90.022 29.978 | 3095.05 | 1527.61 | 1227.65 | 1959.35 0
4680 90.022 29.978 | 3095.04 | 1553.6 | 1242.64 | 1989.09 0
4710 90.022 29.978 | 3095.03 | 1579.58 | 1257.63 | 2018.82 0
4740 90.022 29.978 | 3095.01 | 1605.57 | 1272.62 | 2048.56 0
4770 90.022 29.978 3095 1631.56 | 1287.61 | 2078.29 0
4800 90.022 29.978 | 3094.99 | 1657.54 | 1302.6 | 2108.03 0
4830 90.022 29.978 | 3094.98 | 1683.53 | 1317.59 | 2137.76 0
4860 90.022 29.978 | 3094.97 | 1709.52 | 1332.58 | 2167.5 0
4890 90.022 29.978 | 3094.96 | 1735.5 | 1347.57 | 2197.23 0
4920 90.022 29.978 | 3094.95 | 1761.49 | 1362.56 | 2226.97 0
4950 90.022 29.978 | 3094.93 | 1787.48 | 1377.55 | 2256.71 0
4958.99 | 90.022 29.978 | 3094.93 | 1795.26 | 1382.04 | 2265.61 0
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VIL.2. Trajectory of Well #1b (#2)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) © ) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0 0
1830 3 94.204 | 1829.99 | -0.06 0.78 0.63 3
1860 6 94.204 1859.89 -0.23 3.13 2.52 3
1890 9 94.204 1889.63 -0.52 7.04 5.67 3
1920 12 94.204 1919.12 -0.92 12.49 10.06 3
1950 15 94.204 | 194829 | -1.43 19.47 15.69 3
1980 18 94.204 | 1977.05 | -2.06 27.97 22.53 3
2010 21 94.204 | 200533 | -2.79 37.95 30.57 3
2040 24 94.204 | 2033.04 | -3.63 49.4 39.8 3
2070 27 94.204 | 2060.12 | -4.58 62.28 50.17 3

2087.18 | 28.718 | 94204 | 20753 -5.17 70.28 56.62 3

2100 28.718 | 94.204 | 2086.55 | -5.62 76.43 61.57 0
2130 28.718 | 94.204 | 2112.86 | -6.68 90.81 73.15 0
2160 28.718 | 94.204 | 2139.17 | -7.73 105.18 84.73 0
2190 28.718 | 94.204 | 216548 | -8.79 119.56 | 96.31 0
2220 28.718 | 94.204 | 2191.79 | -9.85 133.93 107.9 0
2250 28.718 | 94.204 | 2218.1 -10.9 14831 | 119.48 0
2280 28.718 94.204 | 2244.41 -11.96 162.69 131.06 0
2310 28.718 94.204 | 2270.72 -13.02 177.06 142.64 0
2340 28.718 94.204 | 2297.03 -14.07 191.44 154.22 0
2370 28.718 94.204 | 2323.34 -15.13 205.81 165.8 0
2400 28.718 | 94.204 | 2349.65 | -16.19 | 220.19 | 177.38 0
2430 28.718 | 94.204 | 2375.96 | -17.24 | 234.57 | 188.96 0
2460 28.718 94.204 | 2402.27 -18.3 248.94 200.54 0
2490 28.718 94.204 | 2428.58 -19.36 263.32 212.12 0
2520 28.718 94.204 | 2454.89 -20.41 277.69 223.71 0
2550 28.718 94.204 2481.2 -21.47 292.07 235.29 0
2580 28.718 94.204 | 2507.51 -22.53 306.45 246.87 0
2610 28.718 94.204 | 2533.82 -23.58 320.82 258.45 0
2640 28.718 | 94.204 | 2560.13 | -24.64 3352 | 270.03 0
2670 28.718 | 94.204 | 2586.44 | -25.7 349.57 | 281.61 0
2700 28.718 | 94.204 | 2612.75 | -26.75 | 363.95 | 293.19 0

2710.49 | 28.718 94.204 | 2621.94 -27.12 368.97 297.24 0

2730 27.718 90.659 | 2639.14 -27.52 378.19 304.81 3
2760 26.373 84.757 | 2665.86 -26.99 391.8 316.6 3
2790 25292 | 78331 | 2692.87 | -25.08 | 404.72 | 328.53 3
2820 24.511 | 71.448 | 2720.09 | -21.81 4169 | 340.57 3
2850 24.059 | 64.232 | 274744 | -17.17 | 42831 | 352.69 3
2880 23.954 | 56.859 | 2774.85 | -11.18 | 43891 | 364.86 3
2910 24201 | 49.526 | 2802.25 | -3.86 | 448.69 | 377.04 3
2940 2479 | 42427 | 2829.55 | 4.78 457.62 | 389.2 3
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2970 25.697 35.717 | 2856.69 14.7 465.66 401.3 3
3000 26.89 29.499 | 2883.59 25.89 472.8 413.32 3
3030 28.332 23.819 | 2910.18 38.31 479.02 425.22 3
3060 29.987 18.681 | 2936.38 51.93 484.29 436.96 3
3090 31.822 14.058 | 2962.13 66.71 488.62 448.52 3
3120 33.808 9.905 2987.34 82.61 491.97 459.86 3
3150 35918 6.174 3011.96 99.58 494.36 470.95 3
3180 38.133 2.812 3035.91 117.58 495.76 481.76 3
3210 40.435 | 359.772 | 3059.13 136.57 496.17 492.27 3
3227.16 | 41.785 358.16 | 3072.06 | 147.85 495.97 498.13 3
3240 41.785 358.16 | 3081.63 156.4 495.69 502.47 0
3270 41.785 358.16 3104 176.38 495.05 512.62 0
3300 41.785 358.16 | 3126.37 | 196.36 494.41 522.76 0
3330 41.785 358.16 | 3148.74 | 216.34 493.77 532.91 0
3360 41.785 358.16 | 3171.11 | 236.32 493.13 543.05 0
3390 41.785 358.16 | 3193.48 256.3 492.48 553.2 0
3420 41.785 358.16 | 3215.85 | 276.28 491.84 563.34 0
3450 41.785 358.16 | 3238.22 | 296.26 491.2 573.49 0
3471.67 | 41.785 358.16 | 3254.38 | 310.69 490.74 580.82 0
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VIL3. Trajectory of Well #1c¢ (#3)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0 0
1830 3 319.358 | 1829.99 0.6 -0.51 0.78 3
1860 6 319.358 | 1859.89 2.38 -2.04 3.14 3
1890 9 319.358 | 1889.63 5.35 -4.59 7.05 3
1920 12 319.358 | 1919.12 9.5 -8.15 12.52 3
1950 15 319.358 | 1948.29 14.81 -12.72 19.52 3
1980 18 319.358 | 1977.05 21.28 -18.26 28.03 3
2010 21 319.358 | 2005.33 28.88 -24.79 38.04 3
2040 24 319.358 | 2033.04 37.59 -32.26 49.51 3
2070 27 319.358 | 2060.12 47.39 -40.67 62.42 3

2075.81 | 27.581 | 319.358 | 2065.28 49.41 -42.41 65.09 3

2100 27.581 | 319.358 | 2086.72 57.91 -49.7 76.28 0
2130 27.581 | 319.358 | 2113.31 68.45 -58.75 90.17 0
2160 27.581 | 319.358 | 2139.9 78.98 -67.8 104.05 0
2190 27.581 | 319.358 | 2166.49 89.52 -76.85 117.94 0
2220 27.581 | 319.358 | 2193.08 | 100.06 -85.89 131.82 0
2250 27.581 | 319.358 | 2219.68 110.6 -94.94 145.7 0
2280 27.581 | 319.358 | 2246.27 | 121.14 | -103.99 | 159.59 0
2310 27.581 | 319.358 | 2272.86 | 131.68 | -113.03 173.47 0
2340 27.581 | 319.358 | 2299.45 | 142.22 | -122.08 187.36 0
2370 27.581 | 319.358 | 2326.04 | 152.76 | -131.13 | 201.24 0
2400 27.581 | 319.358 | 2352.63 163.3 -140.17 | 215.13 0
2430 27.581 | 319.358 | 2379.22 | 173.84 | -149.22 | 229.01 0
2460 27.581 | 319.358 | 2405.81 184.38 | -158.27 242.9 0
2490 27.581 | 319.358 | 2432.4 19492 | -167.32 | 256.78 0
2520 27.581 | 319.358 | 2458.99 | 205.46 | -176.36 | 270.66 0
2550 27.581 | 319.358 | 2485.58 216 -185.41 284.55 0
2580 27.581 | 319.358 | 2512.17 | 226.54 | -194.46 | 298.43 0
2610 27.581 | 319.358 | 2538.76 | 237.08 -203.5 312.32 0
2640 27.581 | 319.358 | 2565.36 | 247.62 | -212.55 326.2 0
2670 27.581 | 319.358 | 2591.95 | 258.16 -221.6 340.09 0
2700 27.581 | 319.358 | 2618.54 268.7 -230.64 | 353.97 0
2730 27.581 | 319.358 | 2645.13 | 279.24 | -239.69 | 367.86 0
2760 27.581 | 319.358 | 2671.72 | 289.78 | -248.74 | 381.74 0
2790 27.581 | 319.358 | 2698.31 | 300.32 | -257.79 | 395.62 0
2820 27.581 | 319.358 | 2724.9 310.86 | -266.83 | 409.51 0

2848.88 | 27.581 | 319.358 | 2750.5 321 -275.54 | 422.87 0

2850 27.693 | 319.371 | 2751.49 3214 -275.88 | 423.39 3
2880 30.689 | 319.694 | 2777.68 | 332.53 | -285.37 | 438.02 3
2910 33.685 | 319.965 | 2803.06 | 344.74 | -295.68 | 453.99 3
2940 36.682 | 320.197 | 2827.58 358 -306.77 | 471.28 3
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2970 39.68 320.398 | 2851.16 | 372.26 -318.61 489.82 3
3000 42.677 | 320.575 | 2873.74 387.5 -331.18 509.57 3
3030 45.675 | 320.733 | 2895.25 | 403.67 -344.43 530.47 3
3060 48.674 | 320.875 | 2915.64 | 420.72 -358.34 | 552.47 3
3090 51.672 | 321.005 | 2934.85 438.6 -372.85 575.51 3
3120 54.67 321.125 | 2952.83 | 457.28 -387.94 | 599.52 3
3150 57.669 | 321.236 | 2969.53 476.7 -403.56 | 624.44 3
3180 60.668 | 321.341 | 2984.91 496.79 -419.67 | 650.19 3
3210 63.666 | 321.439 | 2998.91 517.52 -436.22 | 676.72 3
3240 66.665 | 321.532 | 3011.51 538.82 -453.17 | 703.94 3
3270 69.664 | 321.621 | 3022.67 | 560.64 -470.48 731.78 3
3300 72.663 | 321.706 | 3032.35 | 58291 -488.09 | 760.17 3
3330 75.662 | 321.789 | 3040.54 | 605.57 -505.95 789.03 3
3344.18 | 77.079 | 321.828 | 3043.88 616.4 -514.47 802.8 3
3360 77.079 | 321.828 | 3047.42 | 628.52 -524 818.22 0
3390 77.079 | 321.828 | 3054.13 | 651.51 -542.07 847.46 0
3420 77.079 | 321.828 | 3060.83 674.5 -560.15 876.7 0
3450 77.079 | 321.828 | 3067.54 | 697.48 -578.22 | 905.93 0
3480 77.079 | 321.828 | 3074.25 | 720.47 -596.29 | 935.17 0
3510 77.079 | 321.828 | 3080.96 | 743.46 -614.36 | 964.41 0
3540 77.079 | 321.828 | 3087.67 | 766.45 -632.43 993.65 0
3570 77.079 | 321.828 | 3094.37 | 789.43 -650.5 1022.88 0
3600 77.079 | 321.828 | 3101.08 | 812.42 -668.57 | 1052.12 0
3630 77.079 | 321.828 | 3107.79 | 83541 -686.65 | 1081.36 0
3660 77.079 | 321.828 | 3114.5 858.4 -704.72 | 1110.59 0
3690 77.079 | 321.828 | 3121.21 881.38 -722.79 | 1139.83 0
3720 77.079 | 321.828 | 3127.91 904.37 -740.86 | 1169.07 0
3750 77.079 | 321.828 | 3134.62 | 927.36 -758.93 | 1198.31 0
3780 77.079 | 321.828 | 3141.33 | 950.35 =177 1227.54 0
3810 77.079 | 321.828 | 3148.04 | 973.33 -795.07 | 1256.78 0
3840 77.079 | 321.828 | 3154.75 | 996.32 -813.15 | 1286.02 0
3870 77.079 | 321.828 | 3161.45 | 1019.31 | -831.22 | 1315.26 0
3900 77.079 | 321.828 | 3168.16 1042.3 -849.29 | 1344.49 0
3930 77.079 | 321.828 | 3174.87 | 1065.28 | -867.36 | 1373.73 0
3960 77.079 | 321.828 | 3181.58 | 1088.27 | -885.43 | 1402.97 0
3990 77.079 | 321.828 | 3188.29 | 1111.26 -903.5 1432.2 0
4020 77.079 | 321.828 | 3194.99 | 1134.25 | -921.57 | 1461.44 0
4050 77.079 | 321.828 | 3201.7 1157.23 | -939.65 | 1490.68 0
4080 77.079 | 321.828 | 3208.41 | 1180.22 | -957.72 | 1519.92 0
4110 77.079 | 321.828 | 3215.12 | 1203.21 | -975.79 | 1549.15 0
4140 77.079 | 321.828 | 3221.83 1226.2 -993.86 | 1578.39 0
4147.22 | 77.079 | 321.828 | 3223.44 | 1231.73 | -998.21 | 1585.42 0
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VIL4. Trajectory of Well #1d (#4)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0
1830 3 342.967 | 1829.99 0.75 -0.23 0.77
1860 6 342.967 | 1859.89 3 -0.92 3.07
1890 9 342.967 | 1889.63 6.74 -2.07 6.91
1920 12 342.967 | 1919.12 11.97 -3.67 12.26
1950 15 342.967 | 1948.29 18.67 -5.72 19.11
1980 18 342.967 | 1977.05 26.81 -8.21 27.45
2010 21 342.967 | 2005.33 36.39 -11.15 37.26
2040 24 342.967 | 2033.04 47.36 -14.51 48.5
2070 27 342.967 | 2060.12 59.71 -18.29 61.14
2100 30 342.967 | 2086.48 73.39 -22.49 75.15
2130 33 342.967 | 2112.06 88.38 -27.08 90.5
2160 36 342.967 | 2136.78 | 104.63 -32.05 107.13
2190 39 342.967 | 2160.57 | 122.09 -37.4 125.01
2220 42 342.967 | 2183.38 | 140.71 -43.11 144.08
2250 45 342.967 | 2205.14 | 160.45 -49.16 164.3
2280 48 342.967 | 2225.79 | 181.26 -55.53 185.6
2310 51 342.967 | 2245.27 | 203.07 -62.21 207.93

2337.36 | 53.736 | 342.967 | 2261.97 | 223.78 -68.56 229.14

2340 53.736 | 342.967 | 2263.54 | 225.82 -69.18 231.23

2370 53.736 | 342.967 | 2281.28 | 248.95 -76.27 254.91

2400 53.736 | 342.967 | 2299.03 | 272.07 -83.35 278.59

2430 53.736 | 342.967 | 2316.77 295.2 -90.44 302.27

2460 53.736 | 342.967 | 233452 | 318.33 -97.52 325.96

2490 53.736 | 342.967 | 2352.26 | 34146 | -104.61 349.64

2520 53.736 | 342.967 | 2370.01 | 364.59 -111.7 373.32

2550 53.736 | 342.967 | 2387.75 | 387.71 -118.78 397

2580 53.736 | 342.967 | 2405.5 410.84 | -125.87 | 420.68

2610 53.736 | 342.967 | 2423.24 | 433.97 | -132.95 | 444.37

2640 53.736 | 342.967 | 2440.99 457.1 -140.04 | 468.05

2670 53.736 | 342.967 | 2458.74 | 480.23 -147.12 | 491.73

2700 53.736 | 342.967 | 2476.48 | 503.35 | -154.21 515.41

2730 53.736 | 342.967 | 249423 | 52648 | -161.29 | 539.09

2760 53.736 | 342.967 | 2511.97 | 549.61 -168.38 | 562.78

2790 53.736 | 342.967 | 2529.72 | 572.74 | -175.47 | 586.46

2820 53.736 | 342.967 | 2547.46 | 595.86 | -182.55 610.14

2850 53.736 | 342.967 | 2565.21 618.99 | -189.64 | 633.82

2880 53.736 | 342.967 | 2582.95 | 642.12 | -196.72 657.5

2910 53.736 | 342.967 | 2600.7 665.25 | -203.81 681.19

2940 53.736 | 342.967 | 2618.44 | 688.38 | -210.89 | 704.87

OO ICCIC QIO CCC[C|C Q| QC|Q[C QO[O |W (W |W W |W W |W | W W W W W|W W W w W w o

2970 53.736 | 342.967 | 2636.19 711.5 -217.98 | 728.55
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3000 53.736 | 342.967 | 2653.93 | 734.63 | -225.06 | 752.23 0
3030 53.736 | 342.967 | 2671.68 | 757.76 | -232.15 | 77591 0
3060 53.736 | 342.967 | 2689.42 | 780.89 | -239.23 799.6 0
3090 53.736 | 342.967 | 2707.17 | 804.02 | -246.32 | 823.28 0
3120 53.736 | 342.967 | 2724091 827.14 | -253.41 846.96 0
3150 53.736 | 342.967 | 2742.66 | 850.27 | -260.49 | 870.64 0
3180 53.736 | 342.967 | 2760.41 8734 -267.58 | 894.32 0
3210 53.736 | 342.967 | 2778.15 | 896.53 | -274.66 | 918.01 0
3240 53.736 | 342.967 | 2795.9 919.66 | -281.75 | 941.69 0
3270 53.736 | 342.967 | 2813.64 | 942.78 | -288.83 | 965.37 0
3300 53.736 | 342.967 | 2831.39 | 96591 -295.92 | 989.05 0
3330 53.736 | 342.967 | 2849.13 | 989.04 -303 1012.73 0
3360 53.736 | 342.967 | 2866.88 | 1012.17 | -310.09 | 1036.42 0
3390 53.736 | 342.967 | 2884.62 | 10353 | -317.18 1060.1 0
3420 53.736 | 342.967 | 2902.37 | 1058.42 | -324.26 | 1083.78 0
3450 53.736 | 342.967 | 2920.11 | 1081.55 | -331.35 | 1107.46 0
3480 53.736 | 342.967 | 2937.86 | 1104.68 | -338.43 | 1131.14 0
3510 53.736 | 342.967 | 2955.6 | 1127.81 | -345.52 | 1154.83 0
3518.99 | 53.736 | 342.967 | 2960.92 | 1134.74 | -347.64 | 1161.93 0
3540 55.096 | 344.936 | 2973.15 | 1151.16 | -352.36 | 1178.71 3
3570 57.09 347.636 | 2989.88 | 1175.34 | -358.26 | 1203.33 3
3600 59.14 350.216 | 3005.73 | 1200.34 | -363.14 | 1228.67 3
3630 61.239 | 352.686 | 3020.65 | 1226.08 | -367.01 | 1254.65 3
3660 63.382 | 355.059 | 3034.59 | 1252.48 | -369.84 | 1281.21 3
3690 65.562 | 357.343 | 3047.52 | 1279.49 | -371.62 | 1308.27 3
3720 67.775 | 359.548 | 3059.4 | 1307.03 | -372.37 | 1335.75 3
3750 70.017 1.685 3070.2 | 1335.01 | -372.06 | 1363.59 3
3780 72.284 3.762 3079.89 | 1363.36 | -370.71 1391.7 3
3810 74.572 5.786 3088.45 | 1392.01 | -368.31 | 1420.01 3
3840 76.878 7.766 3095.85 | 1420.88 | -364.88 | 1448.44 3
3870 79.199 9.71 3102.07 | 1449.88 | -360.42 | 1476.91 3
3900 81.532 11.623 | 3107.09 | 1478.95 | -354.95 | 1505.34 3
3930 83.874 13.513 3110.9 | 1507.99 | -348.47 | 1533.66 3
3942.66 | 84.865 14306 | 3112.14 | 1520.22 | -345.44 | 1545.56 3
3960 84.865 14306 | 3113.69 | 1536.95 | -341.17 | 1561.83 0
3990 84.865 14306 | 3116.38 | 15659 | -333.79 | 1589.98 0
4020 84.865 14306 | 3119.06 | 1594.86 | -326.41 | 1618.13 0
4050 84.865 14306 | 3121.75 | 1623.81 | -319.02 | 1646.28 0
4080 84.865 14306 | 3124.43 | 1652.76 | -311.64 | 1674.43 0
4110 84.865 14306 | 3127.12 | 1681.72 | -304.26 | 1702.58 0
4140 84.865 14.306 3129.8 | 1710.67 | -296.88 | 1730.73 0
4170 84.865 14.306 | 3132.49 | 1739.62 | -289.49 | 1758.88 0
4200 84.865 14.306 | 3135.17 | 1768.58 | -282.11 | 1787.04 0
4230 84.865 14.306 | 3137.86 | 1797.53 | -274.73 | 1815.19 0
4260 84.865 14.306 | 3140.54 | 1826.48 | -267.34 | 1843.34 0
4290 84.865 14.306 | 3143.23 | 185543 | -259.96 | 1871.49 0
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4320 84.865 14306 | 3145.91 | 1884.39 | -252.58 | 1899.64 0
4350 84.865 14.306 3148.6 | 1913.34 | -245.19 | 1927.79 0
4380 84.865 14306 | 3151.28 | 1942.29 | -237.81 | 1955.94 0
4410 84.865 14306 | 3153.97 | 1971.25 | -230.43 | 1984.09 0
4440 84.865 14306 | 3156.65 | 2000.2 | -223.04 | 2012.24 0
4470 84.865 14306 | 3159.34 | 2029.15 | -215.66 | 2040.39 0
4500 84.865 14306 | 3162.02 | 2058.11 | -208.28 | 2068.54 0
4530 84.865 14306 | 3164.71 | 2087.06 | -200.9 | 2096.69 0
4553.71 | 84.865 14306 | 3166.83 | 2109.94 | -195.06 | 2118.94 0
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VILS5. Trajectory of Well #2a (#5)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) © ) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0 0
1830 3 356.123 | 1829.99 0.78 -0.05 0.74 3
1860 6 356.123 | 1859.89 3.13 -0.21 2.97 3
1890 9 356.123 | 1889.63 7.04 -0.48 6.67 3
1920 12 356.123 | 1919.12 12.49 -0.85 11.84 3
1950 15 356.123 | 1948.29 19.48 -1.32 18.46 3
1980 18 356.123 | 1977.05 27.98 -1.9 26.52 3
2010 21 356.123 | 2005.33 37.97 -2.57 35.99 3
2040 24 356.123 | 2033.04 49.42 -3.35 46.84 3
2070 27 356.123 | 2060.12 62.31 -4.22 59.06 3
2100 30 356.123 | 2086.48 76.59 -5.19 72.59 3
2130 33 356.123 | 2112.06 92.22 -6.25 87.41 3
2160 36 356.123 | 2136.78 | 109.17 -74 103.48 3
2190 39 356.123 | 2160.57 | 127.39 -8.63 120.75 3
2220 42 356.123 | 2183.38 | 146.83 -9.95 139.17 3
2250 45 356.123 | 2205.14 | 167.43 -11.35 158.7 3
2280 48 356.123 | 2225.79 | 189.14 -12.82 179.28 3
2310 51 356.123 | 2245.27 211.9 -14.36 200.85 3
2340 54 356.123 | 2263.53 | 235.64 -15.97 223.35 3
2370 57 356.123 | 2280.52 | 260.31 -17.64 246.73 3
2400 60 356.123 | 2296.2 285.82 -19.37 270.92 3
2430 63 356.123 | 2310.51 | 312.12 -21.15 295.85 3
2460 66 356.123 | 2323.42 | 339.14 -22.98 321.45 3
2490 69 356.123 | 2334.9 366.79 -24.85 347.66 3

2497.07 | 69.707 | 356.123 | 2337.4 373.39 -25.3 353.92 3

2520 69.707 | 356.123 | 2345.35 | 394.85 -26.76 374.25 0
2550 69.707 | 356.123 | 2355.75 | 422.92 -28.66 400.86 0
2580 69.707 | 356.123 | 2366.16 | 450.99 -30.56 427.47 0
2610 69.707 | 356.123 | 2376.56 | 479.07 -32.46 454.08 0
2640 69.707 | 356.123 | 2386.96 | 507.14 -34.37 480.69 0
2670 69.707 | 356.123 | 2397.37 | 535.21 -36.27 507.3 0
2700 69.707 | 356.123 | 2407.77 | 563.29 -38.17 533.91 0
2730 69.707 | 356.123 | 2418.18 | 591.36 -40.07 560.52 0
2760 69.707 | 356.123 | 2428.58 | 619.43 -41.97 587.13 0
2790 69.707 | 356.123 | 2438.99 | 647.51 -43.88 613.74 0
2820 69.707 | 356.123 | 2449.39 | 675.58 -45.78 640.35 0
2850 69.707 | 356.123 | 2459.8 703.66 -47.68 666.96 0
2880 69.707 | 356.123 | 2470.2 731.73 -49.58 693.57 0
2910 69.707 | 356.123 | 2480.6 759.8 -51.49 720.18 0
2940 69.707 | 356.123 | 2491.01 | 787.88 -53.39 746.79 0
2970 69.707 | 356.123 | 2501.41 | 815.95 -55.29 773.4 0
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3000 69.707 | 356.123 | 2511.82 | 844.02 -57.19 800.01 0
3030 69.707 | 356.123 | 2522.22 872.1 -59.1 826.62 0
3060 69.707 | 356.123 | 2532.63 | 900.17 -61 853.23 0
3090 69.707 | 356.123 | 2543.03 | 928.24 -62.9 879.84 0
3120 69.707 | 356.123 | 2553.44 | 956.32 -64.8 906.45 0
3150 69.707 | 356.123 | 2563.84 | 984.39 -66.7 933.06 0
3180 69.707 | 356.123 | 2574.24 | 1012.47 | -68.61 959.66 0
3210 69.707 | 356.123 | 2584.65 | 1040.54 | -70.51 986.27 0
3240 69.707 | 356.123 | 2595.05 | 1068.61 -72.41 1012.88 0
3270 69.707 | 356.123 | 2605.46 | 1096.69 | -74.31 1039.49 0
3300 69.707 | 356.123 | 2615.86 | 1124.76 | -76.22 1066.1 0
3330 69.707 | 356.123 | 2626.27 | 1152.83 -78.12 1092.71 0
3360 69.707 | 356.123 | 2636.67 | 1180.91 -80.02 1119.32 0
3390 69.707 | 356.123 | 2647.08 | 1208.98 | -81.92 1145.93 0
3420 69.707 | 356.123 | 2657.48 | 1237.05 | -83.83 1172.54 0
3450 69.707 | 356.123 | 2667.88 | 1265.13 -85.73 1199.15 0
3480 69.707 | 356.123 | 2678.29 | 1293.2 -87.63 1225.76 0
3510 69.707 | 356.123 | 2688.69 | 1321.28 | -89.53 1252.37 0
3540 69.707 | 356.123 | 2699.1 1349.35 | -91.44 1278.98 0
3570 69.707 | 356.123 | 2709.5 1377.42 | -93.34 1305.59 0
3600 69.707 | 356.123 | 2719.91 1405.5 -95.24 1332.2 0
3630 69.707 | 356.123 | 2730.31 | 1433.57 | -97.14 1358.81 0
3660 69.707 | 356.123 | 2740.72 | 1461.64 | -99.04 1385.42 0
3690 69.707 | 356.123 | 2751.12 | 1489.72 | -100.95 | 1412.03 0
3720 69.707 | 356.123 | 2761.52 | 1517.79 | -102.85 | 1438.64 0
3750 69.707 | 356.123 | 2771.93 | 1545.86 | -104.75 | 1465.25 0
3780 69.707 | 356.123 | 2782.33 | 1573.94 | -106.65 | 1491.86 0
3810 69.707 | 356.123 | 2792.74 | 1602.01 | -108.56 | 1518.47 0
3840 69.707 | 356.123 | 2803.14 | 1630.09 | -110.46 | 1545.08 0
3870 69.707 | 356.123 | 2813.55 | 1658.16 | -112.36 | 1571.69 0
3900 69.707 | 356.123 | 2823.95 | 1686.23 | -114.26 1598.3 0
3930 69.707 | 356.123 | 2834.35 | 1714.31 | -116.17 1624.9 0
3960 69.707 | 356.123 | 2844.76 | 1742.38 | -118.07 | 1651.51 0
3990 69.707 | 356.123 | 2855.16 | 1770.45 | -119.97 | 1678.12 0
4020 69.707 | 356.123 | 2865.57 | 1798.53 | -121.87 | 1704.73 0
4050 69.707 | 356.123 | 2875.97 | 1826.6 | -123.78 | 1731.34 0
4080 69.707 | 356.123 | 2886.38 | 1854.67 | -125.68 | 1757.95 0
4110 69.707 | 356.123 | 2896.78 | 1882.75 | -127.58 | 1784.56 0
4140 69.707 | 356.123 | 2907.19 | 1910.82 | -129.48 | 1811.17 0
4170 69.707 | 356.123 | 2917.59 | 19389 | -131.38 | 1837.78 0
4200 69.707 | 356.123 | 2927.99 | 1966.97 | -133.29 | 1864.39 0
4230 69.707 | 356.123 | 2938.4 | 1995.04 | -135.19 1891 0
42553 69.707 | 356.123 | 2947.17 | 2018.72 | -136.79 | 1913.44 0
4260 69.86 356.597 | 2948.8 | 2023.12 | -137.07 | 1917.62 3
4290 70.865 | 359.599 | 2958.88 | 2051.36 | -138.01 | 1944.64 3
4320 71.917 2.563 2968.46 | 2079.78 | -137.47 | 1972.22 3
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4350 73.014 5.492 2977.5 | 2108.31 | -135.46 | 2000.29 3
4380 74.152 8.385 2985.98 | 2136.87 | -131.98 | 2028.77 3
4410 75.329 11.246 | 2993.87 | 2165.38 | -127.05 | 2057.59 3
4440 76.54 14.076 | 3001.17 | 2193.77 | -120.67 | 2086.66 3
4470 77.782 16.877 | 3007.83 | 2221.96 | -112.86 | 2115.9 3
4500 79.052 19.651 3013.86 | 2249.86 | -103.65 | 2145.24 3
4530 80.347 22.401 3019.22 | 227741 -93.06 2174.6 3
4560 81.664 25.13 3023.91 | 2304.53 -81.12 | 2203.89 3
4590 83 27.841 | 3027.92 | 2331.13 -67.86 | 2233.03 3
4620 84.35 30.536 | 3031.22 | 2357.16 | -53.32 | 2261.94 3
4650 85.713 33.219 | 3033.82 | 2382.54 | -37.54 | 2290.55 3
4680 87.086 35.892 | 3035.71 | 2407.19 | -20.56 | 2318.78 3
4682.69 | 87.209 36.131 | 3035.84 | 2409.37 | -18.97 | 2321.29 3
4710 87.209 36.131 | 3037.17 | 24314 -2.89 2346.75 0
4740 87.209 36.131 | 3038.63 | 2455.6 14.78 2374.72 0
4770 87.209 36.131 | 3040.09 | 2479.8 32.44 2402.69 0
4800 87.209 36.131 | 3041.55 2504 50.11 2430.65 0
4830 87.209 36.131 | 3043.01 | 2528.2 67.78 2458.62 0
4860 87.209 36.131 | 3044.47 | 25524 85.45 2486.59 0
4890 87.209 36.131 | 3045.93 | 2576.6 103.12 | 2514.56 0
4920 87.209 36.131 | 3047.39 | 2600.81 120.79 | 2542.52 0
4950 87.209 36.131 | 3048.85 | 2625.01 138.45 | 2570.49 0
4980 87.209 36.131 | 3050.32 | 2649.21 156.12 | 2598.46 0
5010 87.209 36.131 | 3051.78 | 2673.41 173.79 | 2626.42 0
5040 87.209 36.131 | 3053.24 | 2697.61 191.46 | 2654.39 0
5070 87.209 36.131 3054.7 | 2721.81 | 209.13 | 2682.36 0
5100 87.209 36.131 | 3056.16 | 2746.01 226.8 2710.33 0
5130 87.209 36.131 | 3057.62 | 2770.21 | 244.46 | 2738.29 0
5160 87.209 36.131 3059.08 | 279442 | 262.13 | 2766.26 0
5190 87.209 36.131 | 3060.54 | 2818.62 279.8 2794.23 0
5220 87.209 36.131 3062 2842.82 | 297.47 2822.2 0
5250 87.209 36.131 | 3063.46 | 2867.02 | 315.14 | 2850.16 0
5280 87.209 36.131 | 3064.92 | 2891.22 332.8 2878.13 0
5310 87.209 36.131 | 3066.38 | 2915.42 | 350.47 2906.1 0
5340 87.209 36.131 3067.84 | 2939.62 | 368.14 | 2934.07 0
5370 87.209 36.131 3069.3 | 2963.82 | 385.81 2962.03 0
5400 87.209 36.131 3070.76 | 2988.03 | 403.48 2990 0
5430 87.209 36.131 3072.22 | 3012.23 | 421.15 | 3017.97 0
5460 87.209 36.131 | 3073.68 | 3036.43 | 438.81 | 3045.93 0
5490 87.209 36.131 3075.15 | 3060.63 | 456.48 3073.9 0
5520 87.209 36.131 | 3076.61 | 3084.83 | 474.15 | 3101.87 0
5550 87.209 36.131 | 3078.07 | 3109.03 | 491.82 | 3129.84 0
5580 87.209 36.131 | 3079.53 | 3133.23 | 509.49 3157.8 0
5610 87.209 36.131 | 3080.99 | 315743 | 527.15 | 3185.77 0
5640 87.209 36.131 | 3082.45 | 3181.64 | 544.82 | 3213.74 0
5670 87.209 36.131 | 3083.91 | 3205.84 | 562.49 | 3241.71 0
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5700 87.209 36.131 | 3085.37 | 3230.04 | 580.16 | 3269.67 0
5730 87.209 36.131 | 3086.83 | 3254.24 | 597.83 | 3297.64 0
5760 87.209 36.131 | 3088.29 | 3278.44 615.5 3325.61 0
5790 87.209 36.131 | 3089.75 | 3302.64 | 633.16 | 3353.58 0
5820 87.209 36.131 3091.21 | 3326.84 | 650.83 | 3381.54 0
5850 87.209 36.131 3092.67 | 3351.04 668.5 3409.51 0
5880 87.209 36.131 3094.13 | 3375.25 | 686.17 | 3437.48 0
5910 87.209 36.131 3095.59 | 3399.45 | 703.84 | 3465.44 0
5940 87.209 36.131 | 3097.05 | 3423.65 721.5 3493.41 0
5970 87.209 36.131 | 3098.52 | 3447.85 | 739.17 | 3521.38 0
6000 87.209 36.131 | 3099.98 | 3472.05 | 756.84 | 3549.35 0
6030 87.209 36.131 | 3101.44 | 3496.25 | 774.51 3577.31 0
6060 87.209 36.131 3102.9 | 352045 | 792.18 | 3605.28 0
6090 87.209 36.131 | 3104.36 | 3544.65 | 809.85 | 3633.25 0
6120 87.209 36.131 | 3105.82 | 3568.86 | 827.51 3661.22 0
6150 87.209 36.131 | 3107.28 | 3593.06 | 845.18 | 3689.18 0
6180 87.209 36.131 | 3108.74 | 3617.26 | 862.85 | 3717.15 0
6210 87.209 36.131 3110.2 | 3641.46 | 880.52 | 3745.12 0
6240 87.209 36.131 | 3111.66 | 3665.66 | 898.19 | 3773.09 0
6270 87.209 36.131 | 3113.12 | 3689.86 | 915.85 | 3801.05 0
6300 87.209 36.131 | 3114.58 | 3714.06 | 933.52 | 3829.02 0
6330 87.209 36.131 | 3116.04 | 3738.26 | 951.19 | 3856.99 0
6360 87.209 36.131 3117.5 | 3762.47 | 968.86 | 3884.95 0
6390 87.209 36.131 | 3118.96 | 3786.67 | 986.53 | 3912.92 0
6420 87.209 36.131 | 3120.42 | 3810.87 | 1004.2 | 3940.89 0
6450 87.209 36.131 | 3121.89 | 3835.07 | 1021.86 | 3968.86 0
6480 87.209 36.131 | 3123.35 | 3859.27 | 1039.53 | 3996.82 0
6483.78 | 87.209 36.131 | 3123.53 | 3862.32 | 1041.76 | 4000.35 0
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VIL.6. Trajectory of Well #2b (#6)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0 0
1830 3 315.615 | 1829.99 0.56 -0.55 0.7 3
1860 6 315.615 | 1859.89 2.24 2.2 2.79 3
1890 9 315.615 | 1889.63 5.04 -4.93 6.27 3
1920 12 315.615 | 1919.12 8.95 -8.76 11.12 3
1950 15 315.615 | 1948.29 13.95 -13.66 17.34 3
1980 18 315.615 | 1977.05 20.04 -19.62 2491 3
2010 21 315.615 | 2005.33 27.2 -26.62 33.8 3
2040 24 315.615 | 2033.04 354 -34.65 44 3
2070 27 315.615 | 2060.12 44.63 -43.68 55.47 3

2097.13 | 29.713 | 315.615 | 2083.99 53.84 -52.69 66.92 3

2100 29.713 | 315.615 | 2086.48 54.85 -53.69 68.18 0
2130 29.713 | 315.615 | 2112.54 65.48 -64.09 81.39 0
2160 29.713 | 315.615 | 2138.59 76.11 -74.49 94.6 0
2190 29.713 | 315.615 | 2164.65 86.73 -84.89 107.81 0
2220 29.713 | 315.615 | 2190.7 97.36 -95.29 121.02 0
2250 29.713 | 315.615 | 2216.76 | 107.99 | -105.69 | 134.23 0
2280 29.713 | 315.615 | 2242.82 | 118.61 -116.1 147.43 0
2310 29.713 | 315.615 | 2268.87 | 129.24 -126.5 160.64 0
2340 29.713 | 315.615 | 229493 | 139.87 -136.9 173.85 0
2370 29.713 | 315.615 | 2320.98 | 150.49 -147.3 187.06 0
2400 29.713 | 315.615 | 2347.04 | 161.12 -157.7 200.27 0
2430 29.713 | 315.615 | 2373.09 | 171.75 -168.1 213.48 0
2460 29.713 | 315.615 | 2399.15 | 182.38 -178.5 226.69 0
2490 29.713 | 315.615 | 24252 193 -188.9 239.9 0
2520 29.713 | 315.615 | 2451.26 | 203.63 -199.3 253.11 0
2550 29.713 | 315.615 | 2477.31 | 21426 | -209.71 | 266.31 0
2580 29.713 | 315.615 | 2503.37 | 224.88 | -220.11 | 279.52 0
2610 29.713 | 315.615 | 2529.43 | 235.51 | -230.51 | 292.73 0
2640 29.713 | 315.615 | 2555.48 | 246.14 | -240.91 | 305.94 0
2670 29.713 | 315.615 | 2581.54 | 256.76 | -251.31 | 319.15 0
2700 29.713 | 315.615 | 2607.59 | 267.39 | -261.71 | 332.36 0
2730 29.713 | 315.615 | 2633.65 | 278.02 | -272.11 345.57 0

2741.39 | 29.713 | 315.615 | 2643.54 | 282.05 | -276.06 | 350.58 0

2760 30.868 | 318.509 | 2659.61 | 288.92 | -282.45 | 359.03 3
2790 32.854 | 322.771 | 2685.09 | 301.17 | -292.47 | 373.67 3
2820 34.969 | 326.587 | 2709.99 | 314.83 | -302.13 | 389.56 3
2850 37.192 330.01 | 2734.24 | 329.86 -311.4 406.65 3
2880 39.503 | 333.095 | 2757.77 | 346.23 | -320.25 | 424.89 3
2910 41.888 | 335.887 | 2780.51 | 363.88 | -328.67 | 444.24 3
2940 44334 | 338.428 | 2802.41 | 382.78 | -336.61 | 464.63 3
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2970 46.833 | 340.755 | 2823.41 | 402.86 | -344.08 | 486.02 3
3000 49.374 | 342.896 | 2843.44 | 424.07 | -351.03 508.34 3
3030 51.952 344.88 | 2862.46 | 446.36 | -357.46 | 531.54 3
3060 54.562 | 346.728 | 2880.4 469.67 | -363.35 | 555.54 3
3090 57.197 | 348.459 | 2897.23 | 493.92 | -368.68 | 580.29 3
3120 59.855 350.09 | 2912.89 | 519.06 | -373.44 | 605.72 3
3150 62.533 | 351.636 | 2927.35 | 545.01 -377.6 631.75 3
3180 65.226 | 353.107 | 2940.56 571.7 -381.18 | 658.32 3
3210 67.933 | 354.516 | 2952.48 | 599.07 | -384.14 | 685.35 3
3240 70.652 | 355.872 | 2963.09 | 627.03 | -386.49 | 712.77 3
3270 73.381 357.183 | 2972.35 | 655.51 -388.21 740.51 3
3300 76.117 | 358.457 | 2980.24 | 684.43 | -389.31 768.48 3
3330 78.86 359.702 | 2986.74 | 713.71 -389.78 | 796.61 3
3360 81.608 0.923 2991.83 | 743.27 | -389.62 | 824.83 3
3390 84.36 2.128 2995.49 | 773.03 | -388.82 | 853.05 3
3420 87.114 3.32 2997.72 | 802.91 -387.4 881.2 3
3447.75 | 89.663 4.419 2998.5 830.59 | -385.53 | 907.11 3
3450 89.663 4.419 2998.51 | 832.83 | -385.36 909.2 0
3480 89.663 4.419 2998.69 | 862.74 | -383.05 | 937.12 0
3510 89.663 4.419 2998.87 | 892.65 | -380.73 | 965.04 0
3540 89.663 4.419 2999.04 | 922.56 | -378.42 | 992.96 0
3570 89.663 4.419 2999.22 | 952.47 | -376.11 | 1020.88 0
3600 89.663 4.419 2999.39 | 982.38 -373.8 1048.8 0
3630 89.663 4.419 2999.57 | 1012.29 | -371.49 | 1076.71 0
3660 89.663 4.419 2999.75 1042.2 | -369.18 | 1104.63 0
3690 89.663 4.419 2999.92 | 1072.11 | -366.87 | 1132.55 0
3720 89.663 4.419 3000.1 1102.02 | -364.56 | 1160.47 0
3750 89.663 4.419 3000.28 | 1131.93 | -362.24 | 1188.39 0
3780 89.663 4.419 3000.45 | 1161.84 | -359.93 | 1216.31 0
3789.73 | 89.663 4.419 3000.51 | 1171.54 | -359.18 | 1225.37 0
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VIL.7. Trajectory of Well #2¢ (#7)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0 0
1830 3 321.307 | 1829.99 0.61 -0.49 0.77 3
1860 6 321.307 | 1859.89 2.45 -1.96 3.08 3
1890 9 321.307 | 1889.63 5.51 -4.41 6.93 3
1920 12 321.307 | 1919.12 9.77 -7.83 12.3 3
1950 15 321.307 | 1948.29 15.24 -12.2 19.18 3
1980 18 321.307 | 1977.05 21.89 -17.53 27.55 3
2010 21 321.307 | 2005.33 29.7 -23.79 37.39 3
2040 24 321.307 | 2033.04 38.66 -30.97 48.67 3
2070 27 321.307 | 2060.12 48.74 -39.04 61.35 3
2100 30 321.307 | 2086.48 59.91 -47.99 75.41 3
2130 33 321.307 | 2112.06 72.15 -57.79 90.81 3
2160 36 321.307 | 2136.78 85.41 -68.41 107.5 3
2190 39 321.307 | 2160.57 99.66 -79.82 125.45 3
2220 42 321.307 | 2183.38 | 114.86 -92 144.58 3
2250 45 321.307 | 2205.14 | 130.98 | -104.91 164.87 3
2280 48 321.307 | 2225.79 | 147.96 | -118.51 186.25 3
2310 51 321.307 | 2245.27 | 165.77 | -132.77 | 208.66 3
2340 54 321.307 | 2263.53 | 184.34 | -147.65 | 232.04 3
2365.12 | 56.512 | 321.307 | 2277.85 | 200.45 | -160.55 | 252.31 3
2370 56.512 | 321.307 | 2280.54 | 203.63 -163.1 256.31 0
2400 56.512 | 321.307 | 2297.09 | 223.16 | -178.74 | 280.89 0
2430 56.512 | 321.307 | 2313.65 | 242.68 | -194.38 | 305.47 0
2460 56.512 | 321.307 | 2330.2 262.21 | -210.02 | 330.06 0
2490 56.512 | 321.307 | 2346.75 | 281.74 | -225.66 | 354.64 0
2520 56.512 | 321.307 | 2363.3 301.27 -241.3 379.22 0
2550 56.512 | 321.307 | 2379.86 320.8 -256.94 403.8 0
2580 56.512 | 321.307 | 2396.41 | 340.33 | -272.58 | 428.38 0
2610 56.512 | 321.307 | 2412.96 | 359.85 | -288.23 | 452.96 0
2640 56.512 | 321.307 | 2429.52 | 379.38 | -303.87 | 477.54 0
2670 56.512 | 321.307 | 2446.07 | 39891 | -319.51 | 502.12 0
2700 56.512 | 321.307 | 2462.62 | 418.44 | -335.15 526.7 0
2730 56.512 | 321.307 | 2479.18 | 437.97 | -350.79 | 551.28 0
2760 56.512 | 321.307 | 2495.73 | 457.49 | -366.43 | 575.86 0
2790 56.512 | 321.307 | 2512.28 | 477.02 | -382.07 | 600.45 0
2820 56.512 | 321.307 | 2528.83 | 496.55 | -397.71 | 625.03 0
2850 56.512 | 321.307 | 2545.39 | 516.08 | -413.35 | 649.61 0
2880 56.512 | 321.307 | 2561.94 | 535.61 -429 674.19 0
2910 56.512 | 321.307 | 2578.49 | 555.14 | -444.64 | 698.77 0
2940 56.512 | 321.307 | 2595.05 | 574.66 | -460.28 | 723.35 0
2970 56.512 | 321.307 | 2611.6 594.19 | -475.92 | 747.93 0
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3000 56.512 | 321.307 | 2628.15 | 613.72 | -491.56 | 772.51 0
3030 56.512 | 321.307 | 2644.7 633.25 -507.2 797.09 0
3060 56.512 | 321.307 | 2661.26 | 652.78 | -522.84 | 821.67 0
3090 56.512 | 321.307 | 2677.81 | 672.31 -538.48 | 846.25 0
3120 56.512 | 321.307 | 269436 | 691.83 | -554.13 870.84 0
3150 56.512 | 321.307 | 271092 | 711.36 | -569.77 | 895.42 0
3180 56.512 | 321.307 | 2727.47 | 730.89 | -585.41 920 0
3210 56.512 | 321.307 | 2744.02 | 75042 | -601.05 | 944.58 0
3240 56.512 | 321.307 | 2760.58 | 769.95 | -616.69 | 969.16 0
3270 56.512 | 321.307 | 2777.13 | 789.48 | -632.33 | 993.74 0
3300 56.512 | 321.307 | 2793.68 809 -647.97 | 1018.32 0
3330 56.512 | 321.307 | 2810.23 | 828.53 | -663.61 1042.9 0
3360 56.512 | 321.307 | 2826.79 | 848.06 | -679.25 | 1067.48 0
3390 56.512 | 321.307 | 2843.34 | 867.59 -694.9 1092.06 0
3420 56.512 | 321.307 | 2859.89 | 887.12 | -710.54 | 1116.64 0
3450 56.512 | 321.307 | 2876.45 | 906.65 | -726.18 | 1141.23 0
3480 56.512 | 321.307 2893 926.17 | -741.82 | 1165.81 0
3510 56.512 | 321.307 | 2909.55 945.7 -757.46 | 1190.39 0
3540 56.512 | 321.307 | 2926.1 965.23 -773.1 1214.97 0
3570 56.512 | 321.307 | 2942.66 | 984.76 | -788.74 | 1239.55 0
3600 56.512 | 321.307 | 2959.21 | 1004.29 | -804.38 | 1264.13 0
3630 56.512 | 321.307 | 2975.76 | 1023.81 | -820.03 | 1288.71 0
3660 56.512 | 321.307 | 2992.32 | 1043.34 | -835.67 | 1313.29 0
3690 56.512 | 321.307 | 3008.87 | 1062.87 | -851.31 | 1337.87 0
3720 56.512 | 321.307 | 302542 | 1082.4 | -866.95 | 1362.45 0
3750 56.512 | 321.307 | 3041.98 | 1101.93 | -882.59 | 1387.03 0
3780 56.512 | 321.307 | 3058.53 | 1121.46 | -898.23 | 1411.62 0
3809.13 | 56.512 | 321.307 | 3074.6 | 114042 | -913.42 | 1435.48 0
3810 56.547 | 321.402 | 3075.08 | 1140.98 | -913.87 1436.2 3
3840 57.813 | 324.639 | 3091.34 | 1161.12 | -929.03 | 1461.09 3
3870 59.159 | 327.785 | 3107.03 | 1182.38 | -943.25 | 1486.53 3
3900 60.578 | 330.841 | 3122.09 | 1204.69 | -956.48 | 1512.44 3
3930 62.066 | 333.811 | 3136.49 | 1227.99 | -968.7 1538.75 3
3960 63.615 | 336.698 | 3150.18 | 1252.23 | -979.86 1565.4 3
3990 65.22 339.508 | 3163.14 | 1277.34 | -989.95 1592.3 3
4020 66.877 | 342.245 | 317532 | 1303.24 | -998.93 | 1619.39 3
4050 68.58 344914 | 3186.69 | 1329.87 | -1006.77 | 1646.59 3
4080 70.324 | 347.521 | 3197.22 | 1357.14 | -1013.46 | 1673.82 3
4110 72.105 | 350.071 | 3206.88 1385 -1018.97 | 1701.01 3
4140 73.918 352.57 | 3215.65 | 1413.36 | -1023.3 | 1728.09 3
4170 75.76 355.024 | 3223.5 | 1442.14 | -1026.42 | 1754.99 3
4200 77.627 | 357.437 | 32304 | 1471.27 | -1028.34 | 1781.62 3
4230 79.514 | 359.817 | 3236.35 | 1500.67 | -1029.04 | 1807.91 3
4260 81.419 2.167 3241.32 | 1530.24 | -1028.53 | 1833.8 3
4290 83.338 4.493 32453 | 1559.92 | -1026.8 | 1859.21 3
4320 85.268 6.802 3248.27 | 1589.63 | -1023.86 | 1884.07 3
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4345.26 | 86.899 8.736 3250 1614.6 | -1020.46 | 1904.54 3
4350 86.899 8.736 3250.26 | 1619.27 | -1019.74 | 1908.33 0
4380 86.899 8.736 3251.88 | 1648.88 | -1015.19 | 1932.36 0
4410 86.899 8.736 3253.5 | 1678.49 | -1010.64 | 1956.38 0
4440 86.899 8.736 3255.12 | 1708.1 | -1006.09 | 1980.4 0
4470 86.899 8.736 3256.75 | 1737.71 | -1001.54 | 2004.43 0
4500 86.899 8.736 3258.37 | 1767.32 | -996.99 | 2028.45 0
4530 86.899 8.736 3259.99 | 1796.92 | -992.44 | 2052.48 0
4560 86.899 8.736 3261.62 | 1826.53 | -987.89 | 2076.5 0

4588.19 | 86.899 8.736 3263.14 | 1854.35 | -983.62 | 2099.08 0

129




Appendix VIL

VIL.8. Trajectory of Well #2d (#8)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0 0
1830 3 337.186 | 1829.99 0.72 -0.3 -0.39 3
1860 6 337.186 | 1859.89 2.89 -1.22 -1.55 3
1890 9 337.186 | 1889.63 6.5 -2.74 -3.48 3
1920 12 337.186 | 1919.12 11.54 -4.85 -6.17 3
1950 15 337.186 | 1948.29 18 -7.57 -9.63 3
1980 18 337.186 | 1977.05 25.85 -10.87 -13.83 3
2010 21 337.186 | 2005.33 35.08 -14.76 -18.77 3
2040 24 337.186 | 2033.04 45.66 -19.21 -24.43 3
2070 27 337.186 | 2060.12 57.56 -24.21 -30.8 3
2100 30 337.186 | 2086.48 70.76 -29.76 -37.85 3
2130 33 337.186 | 2112.06 85.2 -35.84 -45.58 3
2160 36 337.186 | 2136.78 | 100.86 -42.43 -53.96 3

2161.19 | 36.119 | 337.186 | 2137.74 | 101.51 -42.7 -54.31 3
2190 36.119 | 337.186 | 2161.01 | 117.16 -49.29 -62.68 0
2220 36.119 | 337.186 | 2185.24 | 133.46 -56.14 -71.4 0
2250 36.119 | 337.186 | 2209.48 | 149.77 -63 -80.12 0
2280 36.119 | 337.186 | 2233.71 | 166.07 -69.86 -88.85 0
2310 36.119 | 337.186 | 2257.95 | 182.37 -76.71 -97.57 0
2340 36.119 | 337.186 | 2282.18 | 198.67 -83.57 | -106.29 0
2370 36.119 | 337.186 | 2306.41 | 214.97 -90.43 | -115.01 0
2400 36.119 | 337.186 | 2330.65 | 231.27 -97.28 | -123.73 0

2419.93 | 36.119 | 337.186 | 2346.74 | 242.09 | -101.84 | -129.52 0
2430 35.485 | 335.848 | 2354.91 247.5 -104.18 | -132.37 3
2460 33.689 | 331.612 | 2379.61 | 262.77 -111.7 | -139.87 3
2490 32.052 | 326.978 | 2404.81 | 276.77 -120 -145.88 3
2520 30.6 321.927 | 2430.45 | 289.45 | -129.05 | -150.41 3
2550 29.359 | 316.458 | 2456.44 300.8 -138.83 | -153.42 3
2580 28.357 | 310.596 | 2482.72 | 310.77 -149.3 | -154.91 3
2610 27.622 | 304.396 | 2509.21 | 319.33 | -160.46 | -154.89 3
2640 27.175 | 297.946 | 2535.85 | 326.47 | -172.25 | -153.34 3
2670 27.029 | 291.366 | 2562.56 | 332.17 | -184.65 | -150.28 3
2700 27.191 284.79 | 2589.27 336.4 -197.63 | -145.7 3
2730 27.654 | 278351 | 261591 | 339.17 | -211.15 | -139.64 3
2760 28.405 | 272.167 | 26424 340.45 | -225.17 | -132.09 3
2790 29.419 | 266.325 | 2668.66 | 340.24 | -239.66 | -123.08 3
2820 30.672 | 260.878 | 2694.64 | 338.56 | -254.57 | -112.64 3
2850 32.136 255.85 | 2720.24 | 335.39 | -269.86 | -100.79 3
2880 33.782 | 251.238 | 2745.42 | 330.76 -285.5 -87.57 3
2910 35.585 | 247.022 | 2770.09 | 324.67 | -301.44 | -73.02 3
2940 37.522 | 243.174 | 2794.19 | 317.14 | -317.63 | -57.16 3
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2970 39.574 239.66 | 2817.66 | 308.18 | -334.03 -40.06 3
3000 41.722 | 236.444 | 284042 | 297.84 | -350.61 -21.75 3
3030 43.952 | 233.493 | 2862.42 | 286.12 -367.3 -2.28 3
3060 46.253 | 230.774 | 2883.59 | 273.07 | -384.06 18.3 3
3090 48.613 | 228.259 | 2903.89 | 258.73 | -400.86 39.91 3
3120 51.024 | 225.922 | 292324 | 243.12 | -417.64 62.52 3
3150 53.479 223.74 | 2941.61 | 226.29 | -434.35 86.05 3
3180 55.971 221.694 | 2958.94 208.3 -450.96 110.44 3
3210 58.495 | 219.765 | 2975.17 | 189.18 | -467.41 135.63 3
3240 61.046 | 217.938 | 2990.28 | 168.99 | -483.66 161.54 3
3270 63.621 216.199 | 3004.2 147.79 | -499.67 188.11 3
3300 66.216 | 214.537 | 3016.92 | 125.63 -515.4 215.25 3
3330 68.828 | 212.939 | 3028.39 | 102.58 | -530.79 242.9 3
3360 71.455 | 211.398 | 3038.58 78.7 -545.81 270.99 3
3390 74.093 | 209.903 | 3047.47 54.05 -560.41 299.43 3
3420 76.742 | 208.447 | 3055.02 28.7 -574.56 | 328.14 3
3450 79.398 | 207.023 | 3061.22 2.73 -588.22 | 357.05 3
3480 82.061 205.623 | 3066.05 | -23.81 -601.34 | 386.08 3
3510 84.729 | 204.241 | 3069.5 -50.83 -613.9 415.15 3
3540 87.4 202.871 | 3071.56 | -78.26 -625.86 | 444.17 3
3547.84 | 88.098 | 202.514 | 3071.87 | -85.49 -628.88 | 451.74 3
3553.1 88.541 202.798 | 3072.02 | -90.34 -630.91 | 456.82 3
3570 88.541 202.798 | 3072.45 | -105.92 | -637.45 | 473.15 0
3600 88.541 202.798 | 3073.22 | -133.57 | -649.08 | 502.14 0
3630 88.541 202.798 | 3073.98 | -161.21 -660.7 531.13 0
3660 88.541 202.798 | 3074.75 | -188.86 | -672.32 | 560.12 0
3690 88.541 202.798 | 3075.51 | -216.51 | -683.94 | 589.11 0
3720 88.541 202.798 | 3076.28 | -244.15 | -695.56 618.1 0
3750 88.541 202.798 | 3077.04 | -271.8 -707.18 | 647.09 0
3780 88.541 202.798 | 3077.8 | -299.45 -718.8 676.08 0
3810 88.541 202.798 | 3078.57 | -327.1 -730.42 | 705.07 0
3840 88.541 202.798 | 3079.33 | -354.74 | -742.04 | 734.06 0
3870 88.541 202.798 | 3080.1 -382.39 | -753.66 | 763.05 0
3900 88.541 202.798 | 3080.86 | -410.04 | -765.28 | 792.04 0
3930 88.541 202.798 | 3081.62 | -437.69 -776.9 821.03 0
3960 88.541 202.798 | 3082.39 | -465.33 | -788.52 | 850.02 0
3990 88.541 202.798 | 3083.15 | -492.98 | -800.14 | 879.01 0
4020 88.541 202.798 | 3083.92 | -520.63 | -811.76 908 0
4050 88.541 202.798 | 3084.68 | -548.28 | -823.38 | 936.99 0
4080 88.541 202.798 | 3085.44 | -575.92 -835 965.98 0
4110 88.541 202.798 | 3086.21 | -603.57 | -846.62 | 994.97 0
4140 88.541 202.798 | 3086.97 | -631.22 | -858.24 | 1023.96 0
4170 88.541 202.798 | 3087.74 | -658.87 | -869.87 | 1052.95 0
4200 88.541 202.798 | 3088.5 | -686.51 | -881.49 | 1081.94 0
4230 88.541 202.798 | 3089.26 | -714.16 | -893.11 | 1110.93 0
4260 88.541 202.798 | 3090.03 | -741.81 | -904.73 | 1139.92 0
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4290 88.541 202.798 | 3090.79 | -769.46 | -916.35 | 1168.91 0
4320 88.541 202.798 | 3091.56 | -797.1 -927.97 1197.9 0
4350 88.541 202.798 | 3092.32 | -824.75 | -939.59 | 1226.89 0
4380 88.541 202.798 | 3093.08 | -852.4 -951.21 | 1255.88 0
4410 88.541 202.798 | 3093.85 | -880.05 | -962.83 | 1284.87 0
4440 88.541 202.798 | 3094.61 | -907.69 | -974.45 | 1313.86 0
4470 88.541 202.798 | 3095.38 | -935.34 | -986.07 | 1342.85 0
4500 88.541 202.798 | 3096.14 | -962.99 | -997.69 | 1371.84 0
4530 88.541 202.798 | 3096.9 | -990.64 | -1009.31 | 1400.83 0
4560 88.541 202.798 | 3097.67 | -1018.28 | -1020.93 | 1429.82 0
4590 88.541 202.798 | 3098.43 | -1045.93 | -1032.55 | 1458.81 0
4620 88.541 202.798 | 3099.2 | -1073.58 | -1044.17 | 1487.8 0
4650 88.541 202.798 | 3099.96 | -1101.22 | -1055.79 | 1516.79 0
4680 88.541 202.798 | 3100.73 | -1128.87 | -1067.41 | 1545.78 0
4708.28 | 88.541 202.798 | 3101.45 | -1154.94 | -1078.37 | 1573.11 0
4710 88.396 | 202.705 | 3101.49 | -1156.52 | -1079.03 | 1574.77 3
4740 85.871 201.084 | 3102.99 | -1184.32 | -1090.21 | 1603.6 3
4770 83.348 199.452 | 3105.81 | -1212.33 | -1100.55 | 1632.1 3
4800 80.832 197.803 | 3109.94 | -1240.49 | -1110.04 | 1660.19 3
4824.17 | 78.809 196.458 | 3114.21 | -1263.22 | -1117.05 | 1682.47 3
4830 78.809 196.458 | 3115.34 | -1268.7 | -1118.67 | 1687.81 0
4860 78.809 196.458 | 3121.16 | -1296.93 | -1127.01 | 1715.25 0
4890 78.809 196.458 | 3126.99 | -1325.15 | -1135.35 | 1742.69 0
4920 78.809 196.458 | 3132.81 | -1353.38 | -1143.68 | 1770.13 0
4950 78.809 196.458 | 3138.63 | -1381.6 | -1152.02 | 1797.57 0
4980 78.809 196.458 | 3144.45 | -1409.82 | -1160.36 | 1825.02 0
5010 78.809 196.458 | 3150.27 | -1438.05 | -1168.7 | 1852.46 0
5040 78.809 196.458 | 3156.1 | -1466.27 | -1177.04 | 1879.9 0
5070 78.809 196.458 | 3161.92 | -1494.49 | -1185.37 | 1907.34 0
5100 78.809 196.458 | 3167.74 | -1522.72 | -1193.71 | 1934.78 0
5130 78.809 196.458 | 3173.56 | -1550.94 | -1202.05 | 1962.22 0
514343 | 78.809 196.458 | 3176.17 | -1563.58 | -1205.78 | 1974.51 0
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VIL.9. Trajectory of Well #2e (#9)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0 0
1830 3 244.197 | 1829.99 -0.34 -0.71 0.71 3
1860 6 244.197 | 1859.89 -1.37 -2.83 2.83 3
1890 9 244.197 | 1889.63 -3.07 -6.35 6.37 3
1920 12 244.197 | 1919.12 -5.45 -11.27 11.3 3
1950 15 244.197 | 1948.29 -8.5 -17.58 17.62 3
1980 18 244.197 | 1977.05 | -12.21 -25.25 25.31 3
2010 21 244.197 | 2005.33 | -16.56 -34.26 34.34 3
2040 24 244.197 | 2033.04 | -21.56 -44.6 44.7 3
2070 27 244.197 | 2060.12 | -27.18 -56.22 56.35 3
2100 30 244.197 | 2086.48 | -33.41 -69.11 69.27 3
2130 33 244.197 | 2112.06 | -40.23 -83.22 83.41 3
2160 36 244.197 | 2136.78 | -47.63 -98.52 98.75 3
2190 39 244.197 | 2160.57 | -55.58 | -114.96 | 11522 3
2220 42 244.197 | 2183.38 | -64.06 | -132.49 132.8 3
2250 45 244.197 | 2205.14 | -73.05 | -151.08 | 151.44 3
2280 48 244.197 | 222579 | -82.52 | -170.67 | 171.07 3
2310 51 244.197 | 224527 | -92.44 | -191.21 191.66 3
2332.14 | 53.214 | 244.197 | 2258.87 | -100.05 | -206.94 | 207.42 3
2340 53.214 | 244.197 | 2263.58 | -102.79 | -212.61 213.1 0
2370 53.214 | 244.197 | 2281.54 | -113.25 | -234.24 | 234.78 0
2400 53.214 | 244.197 | 2299.51 | -123.71 | -255.87 | 256.47 0
2430 53.214 | 244.197 | 231747 | -134.16 | -277.5 278.15 0
2460 53.214 | 244.197 | 2335.43 | -144.62 | -299.13 | 299.83 0
2490 53.214 | 244.197 | 23534 | -155.08 | -320.76 | 321.51 0
2520 53.214 | 244.197 | 2371.36 | -165.54 | -342.39 | 343.19 0
2550 53.214 | 244.197 | 2389.33 -176 -364.02 | 364.87 0
2580 53.214 | 244.197 | 2407.29 | -186.45 | -385.65 | 386.56 0
2610 53.214 | 244.197 | 2425.26 | -196.91 | -407.28 | 408.24 0
2640 53.214 | 244.197 | 2443.22 | -207.37 | -428.91 | 429.92 0
2670 53.214 | 244.197 | 2461.19 | -217.83 | -450.55 451.6 0
2700 53.214 | 244.197 | 2479.15 | -228.29 | -472.18 | 473.28 0
2730 53.214 | 244.197 | 2497.12 | -238.74 | -493.81 | 494.96 0
2760 53.214 | 244.197 | 2515.08 | -249.2 | -515.44 | 516.65 0
2790 53.214 | 244.197 | 2533.05 | -259.66 | -537.07 | 538.33 0
2820 53.214 | 244.197 | 2551.01 | -270.12 | -558.7 560.01 0
2850 53.214 | 244.197 | 2568.98 | -280.58 | -580.33 | 581.69 0
2880 53.214 | 244.197 | 2586.94 | -291.03 | -601.96 | 603.37 0
2910 53.214 | 244.197 | 2604.91 | -301.49 | -623.59 | 625.05 0
2940 53.214 | 244.197 | 2622.87 | -311.95 | -645.22 | 646.74 0
2970 53.214 | 244.197 | 2640.84 | -322.41 | -666.86 | 668.42 0
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3000 53.214 | 244.197 | 2658.8 | -332.87 | -688.49 690.1 0
3030 53.214 | 244.197 | 2676.77 | -343.32 | -710.12 | 711.78 0
3060 53.214 | 244.197 | 2694.73 | -353.78 | -731.75 | 733.46 0
3090 53.214 | 244.197 | 2712.69 | -364.24 | -753.38 | 755.14 0
3120 53.214 | 244.197 | 2730.66 | -374.7 -775.01 776.83 0
3150 53.214 | 244.197 | 2748.62 | -385.16 | -796.64 | 798.51 0
3180 53.214 | 244.197 | 2766.59 | -395.61 | -818.27 | 820.19 0
3210 53.214 | 244.197 | 2784.55 | -406.07 -839.9 841.87 0
3222.73 | 53.214 | 244.197 | 2792.18 | -410.51 | -849.08 | 851.07 0
3240 53.89 242.222 | 2802.44 | -416.77 | -861.48 | 863.71 3
3270 55.139 | 238.872 | 2819.86 | -428.78 | -882.74 | 886.37 3
3300 56.477 | 235.625 | 2836.72 | -442.21 -903.6 909.89 3
3330 57.897 | 232.481 | 2852.98 | -457.01 | -924.01 934.2 3
3360 59.392 | 229.435 | 2868.59 | -473.15 -943.9 959.23 3
3390 60.956 | 226.484 | 2883.51 | -490.58 | -963.22 | 984.91 3
3420 62.583 | 223.622 | 2897.7 | -509.25 | -981.92 | 1011.17 3
3450 64.266 | 220.846 | 2911.13 | -529.12 | -999.95 | 1037.94 3
3480 66.001 218.147 | 2923.74 | -550.12 | -1017.25 | 1065.16 3
3510 67.781 215.522 | 2935.52 | -572.2 | -1033.79 | 1092.73 3
3540 69.603 | 212.963 | 2946.42 | -595.31 | -1049.51 | 1120.59 3
3570 71.461 210.465 | 2956.42 | -619.37 | -1064.38 | 1148.66 3
3600 73.351 208.02 | 296549 | -644.32 | -1078.34 | 1176.87 3
3630 75269 | 205.624 | 2973.6 | -670.09 | -1091.37 | 1205.13 3
3660 77.211 203.27 | 2980.74 | -696.61 | -1103.42 | 1233.37 3
3690 79.174 | 200.952 | 2986.88 | -723.82 | -1114.47 | 1261.52 3
3720 81.154 198.665 | 2992.01 | -751.62 | -1124.49 | 1289.48 3
3750 83.147 196.402 | 2996.1 -779.96 | -1133.44 | 1317.2 3
3780 85.152 194.158 | 2999.16 | -808.75 | -1141.3 | 1344.58 3
3805.01 86.828 192.297 | 300091 | -833.03 | -1147.01 | 1367.11 3
3810 87.077 192.319 | 3001.18 | -837.9 | -1148.07 | 1371.58 1.5
3822.55 | 87.702 192.374 | 3001.75 | -850.15 | -1150.75 | 1382.81 1.5
3840 87.702 192.374 | 3002.45 | -867.18 | -1154.49 | 1398.44 0
3870 87.702 192.374 | 3003.65 | -896.46 | -1160.91 | 1425.32 0
3900 87.702 192.374 | 3004.85 | -925.74 | -1167.34 | 1452.19 0
3930 87.702 192.374 | 3006.06 | -955.02 | -1173.76 | 1479.06 0
3960 87.702 192.374 | 3007.26 | -984.3 | -1180.18 | 1505.93 0
3990 87.702 192.374 | 3008.46 | -1013.57 | -1186.61 | 1532.81 0
4020 87.702 192.374 | 3009.67 | -1042.85 | -1193.03 | 1559.68 0
4050 87.702 192.374 | 3010.87 | -1072.13 | -1199.45 | 1586.55 0
4080 87.702 192.374 | 3012.07 | -1101.41 | -1205.88 | 1613.43 0
4110 87.702 192.374 | 3013.27 | -1130.69 | -1212.3 1640.3 0
4114.56 | 87.702 192.374 | 3013.46 | -1135.15 | -1213.28 | 1644.39 0
4140 86.435 192.263 | 3014.76 | -1159.96 | -1218.7 | 1667.15 1.5
4170 84.94 192.132 | 3017.01 | -1189.2 | -1225.02 | 1693.93 1.5
4200 83.446 192 3020.05 | -1218.39 | -1231.26 | 1720.61 1.5
4230 81.952 191.868 | 3023.86 | -1247.5 | -1237.41 | 1747.18 1.5

134




Appendix VIL

4236.36 | 81.635 191.839 | 3024.77 | -1253.67 | -1238.7 1752.8 1.5
4260 81.635 191.839 | 3028.21 | -1276.55 | -1243.5 | 1773.67 0
4290 81.635 191.839 | 3032.57 | -1305.6 | -1249.59 | 1800.16 0
4320 81.635 191.839 | 3036.94 | -1334.65 | -1255.68 | 1826.64 0
4350 81.635 191.839 | 3041.3 | -1363.7 | -1261.77 | 1853.13 0
4380 81.635 191.839 | 3045.67 | -1392.75 | -1267.86 | 1879.61 0
4410 81.635 191.839 | 3050.03 | -1421.8 | -1273.95 | 1906.1 0
4440 81.635 191.839 | 3054.39 | -1450.85 | -1280.04 | 1932.58 0
4470 81.635 191.839 | 3058.76 | -1479.9 | -1286.13 | 1959.06 0
4500 81.635 191.839 | 3063.12 | -1508.95 | -1292.22 | 1985.55 0
4530 81.635 191.839 | 3067.49 -1538 | -1298.31 | 2012.03 0
4560 81.635 191.839 | 3071.85 | -1567.05 | -1304.4 | 2038.52 0
4590 81.635 191.839 | 3076.22 | -1596.1 | -1310.49 2065 0
4620 81.635 191.839 | 3080.58 | -1625.15 | -1316.58 | 2091.49 0

4647.63 | 81.635 191.839 | 3084.6 | -1651.9 | -1322.18 | 2115.88 0
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VIL.10. Trajectory of Well #3a (#10)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0 0
1830 3 278.931 | 1829.99 0.12 -0.78 0.54 3
1860 6 278.931 | 1859.89 0.49 -3.1 2.15 3
1890 9 278.931 | 1889.63 1.1 -6.97 4.82 3
1920 12 278.931 | 1919.12 1.94 -12.37 8.56 3
1950 15 278.931 | 1948.29 3.03 -19.29 13.35 3
1980 18 278.931 | 1977.05 4.35 -27.7 19.18 3

1987.49 | 18.749 | 278.931 | 1984.17 4.72 -30.04 20.79 3
2010 18.749 | 278.931 | 2005.48 5.84 -37.18 25.74 0
2040 18.749 | 278.931 | 2033.89 7.34 -46.71 32.34 0
2070 18.749 | 278.931 | 2062.29 8.84 -56.23 38.93 0
2100 18.749 | 278.931 | 2090.7 10.33 -65.76 45.53 0
2130 18.749 | 278.931 | 2119.11 11.83 -75.29 52.12 0
2160 18.749 | 278.931 | 2147.52 13.33 -84.81 58.72 0
2190 18.749 | 278.931 | 2175.93 14.83 -94.34 65.31 0
2220 18.749 | 278.931 | 2204.33 16.32 -103.86 71.9 0
2250 18.749 | 278.931 | 2232.74 17.82 -113.39 78.5 0
2280 18.749 | 278.931 | 2261.15 19.32 -122.92 85.09 0
2310 18.749 | 278.931 | 2289.56 20.81 -132.44 91.69 0
2340 18.749 | 278.931 | 2317.97 22.31 -141.97 98.28 0
2370 18.749 | 278.931 | 2346.37 23.81 -151.49 | 104.88 0
2400 18.749 | 278.931 | 2374.78 25.31 -161.02 | 111.47 0
2430 18.749 | 278.931 | 2403.19 26.8 -170.55 | 118.07 0
2460 18.749 | 278.931 | 2431.6 28.3 -180.07 | 124.66 0
2490 18.749 | 278.931 | 2460.01 29.8 -189.6 131.26 0
2520 18.749 | 278.931 | 2488.41 31.29 -199.12 | 137.85 0
2550 18.749 | 278.931 | 2516.82 32.79 -208.65 | 144.45 0
2580 18.749 | 278.931 | 2545.23 34.29 -218.18 | 151.04 0
2610 18.749 | 278.931 | 2573.64 35.79 -227.7 157.64 0
2640 18.749 | 278.931 | 2602.05 37.28 -237.23 164.23 0
2670 18.749 | 278.931 | 2630.45 38.78 -246.75 | 170.83 0
2700 18.749 | 278.931 | 2658.86 40.28 -256.28 | 177.42 0
2730 18.749 | 278.931 | 2687.27 41.77 -265.81 184.02 0
2760 18.749 | 278.931 | 2715.68 43.27 -275.33 190.61 0

2781.73 | 18.749 | 278.931 | 2736.25 44.35 -282.23 195.39 0

2790 18.998 | 281.371 | 2744.08 44.83 -284.87 | 197.26 3
2820 20.15 289.649 | 2772.35 47.53 -294.52 | 204.92 3
2850 21.645 | 296.949 | 2800.38 51.77 -304.32 | 213.94 3
2880 23.418 | 303.272 | 2828.09 57.55 -314.24 224.3 3
2910 25.41 308.705 | 2855.41 64.85 -324.25 | 235.96 3
2940 27.574 | 313.367 | 2882.27 73.64 -334.32 248.9 3
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2970 29.873 | 317.382 | 2908.57 83.91 -344.43 | 263.07 3
3000 32276 | 320.863 | 2934.27 95.63 -354.55 | 278.45 3
3030 34.764 | 323.902 | 2959.28 | 108.75 | -364.64 | 294.98 3
3060 37318 | 326.579 | 2983.54 | 123.26 | -374.69 | 312.63 3
3090 39.925 | 328.958 | 3006.98 139.1 -384.67 | 331.34 3
3120 42.576 | 331.088 | 3029.53 156.23 | -394.54 | 351.06 3
3150 45.263 | 333.014 | 3051.14 | 174.62 | -404.29 | 371.74 3
3180 47.979 | 334.767 | 3071.74 194.2 -413.87 | 393.32 3
3210 50.719 | 336.376 | 3091.28 | 214.92 | -423.28 | 415.74 3
3240 53.48 337.863 | 3109.71 | 236.73 | -432.48 | 438.95 3
3270 56.259 | 339.247 | 3126.97 | 259.56 | -441.44 | 462.87 3
3300 59.052 | 340.545 | 3143.02 | 283.36 | -450.15 | 487.45 3
3330 61.856 | 341.768 | 3157.82 | 308.06 | -458.57 | 512.61 3
3360 64.672 | 342.929 | 3171.31 | 333.59 | -466.69 | 538.29 3
3390 67.496 | 344.036 | 3183.47 | 359.88 | -474.49 | 564.41 3
3420 70.327 345.1 3194.27 | 386.86 | -481.93 590.9 3
3450 73.164 | 346.126 | 3203.66 | 41445 | -489.01 617.7 3
3480 76.006 | 347.122 | 3211.64 | 442.59 | -495.69 | 644.73 3
3497.08 | 77.626 | 347.678 | 3215.53 | 458.81 -499.32 | 660.18 3
3510 77.626 | 347.678 | 3218.3 471.14 | -502.02 | 671.89 0
3540 77.626 | 347.678 | 3224.73 | 499.77 | -508.27 | 699.08 0
3570 77.626 | 347.678 | 3231.16 528.4 -514.52 | 726.27 0
3600 77.626 | 347.678 | 3237.59 | 557.03 | -520.78 | 753.46 0
3630 77.626 | 347.678 | 3244.01 | 585.66 | -527.03 780.65 0
3660 77.626 | 347.678 | 3250.44 | 614.28 | -533.28 | 807.84 0
3690 77.626 | 347.678 | 3256.87 | 64291 -539.54 | 835.03 0
3720 77.626 | 347.678 | 3263.3 671.54 | -545.79 | 862.22 0
3750 77.626 | 347.678 | 3269.73 | 700.17 | -552.04 | 889.41 0
3780 77.626 | 347.678 | 3276.16 728.8 -558.3 916.6 0
3810 77.626 | 347.678 | 3282.59 | 75742 | -564.55 | 943.79 0
3840 77.626 | 347.678 | 3289.02 | 786.05 -570.8 970.98 0
3870 77.626 | 347.678 | 3295.45 | 814.68 | -577.06 | 998.17 0
3900 77.626 | 347.678 | 3301.87 | 843.31 -583.31 | 1025.36 0
3922.29 | 77.626 | 347.678 | 3306.65 | 864.58 | -587.95 | 1045.55 0
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VIL.11. Trajectory of Well #3b (#11)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0 0
1830 3 321.691 | 1829.99 0.62 -0.49 0.37 3
1860 6 321.691 | 1859.89 2.46 -1.95 1.46 3
1890 9 321.691 | 1889.63 5.54 -4.37 3.28 3
1920 12 321.691 | 1919.12 9.82 -7.76 5.83 3
1950 15 321.691 | 1948.29 15.32 -12.1 9.09 3
1980 18 321.691 | 1977.05 22 -17.38 13.05 3
2010 21 321.691 | 2005.33 29.86 -23.59 17.71 3
2040 24 321.691 | 2033.04 38.87 -30.71 23.06 3
2070 27 321.691 | 2060.12 49 -38.71 29.07 3
2100 30 321.691 | 2086.48 60.23 -47.58 35.73 3
2130 33 321.691 | 2112.06 72.53 -57.3 43.02 3
2160 36 321.691 | 2136.78 85.86 -67.83 50.93 3
2190 39 321.691 | 2160.57 | 100.19 -79.15 59.43 3
2220 42 321.691 | 2183.38 | 115.48 -91.23 68.5 3
2250 45 321.691 | 2205.14 | 131.68 | -104.03 78.11 3
2280 48 321.691 | 2225.79 | 148.75 | -117.52 88.24 3
2310 51 321.691 | 2245.27 | 166.65 | -131.66 98.85 3
2316.69 | 51.669 | 321.691 | 2249.45 | 170.75 | -134.89 | 101.28 3
2340 51.669 | 321.691 | 2263.91 185.1 -146.23 109.79 0
2370 51.669 | 321.691 | 2282.51 | 203.57 | -160.82 | 120.75 0
2400 51.669 | 321.691 | 2301.12 | 222.03 | -175.41 131.7 0
2430 51.669 | 321.691 | 2319.73 240.5 -190 142.65 0
2460 51.669 | 321.691 | 2338.33 | 258.96 | -204.58 | 153.61 0
2490 51.669 | 321.691 | 2356.94 | 277.43 | -219.17 | 164.56 0
2520 51.669 | 321.691 | 2375.55 295.9 -233.76 | 175.51 0
2550 51.669 | 321.691 | 2394.15 | 314.36 | -248.35 | 186.47 0
2580 51.669 | 321.691 | 2412.76 | 332.83 | -262.94 | 197.42 0
2610 51.669 | 321.691 | 2431.36 | 351.29 | -277.53 | 208.37 0
2640 51.669 | 321.691 | 2449.97 | 369.76 | -292.11 | 219.33 0
2670 51.669 | 321.691 | 2468.58 | 388.23 -306.7 230.28 0
2700 51.669 | 321.691 | 2487.18 | 406.69 | -321.29 | 241.23 0
2730 51.669 | 321.691 | 2505.79 | 425.16 | -335.88 | 252.19 0
2760 51.669 | 321.691 | 25244 443.62 | -35047 | 263.14 0
2790 51.669 | 321.691 2543 462.09 | -365.05 | 274.09 0
2820 51.669 | 321.691 | 2561.61 | 480.56 | -379.64 | 285.05 0
2850 51.669 | 321.691 | 2580.21 | 499.02 | -394.23 296 0
2880 51.669 | 321.691 | 2598.82 | 517.49 | -408.82 | 306.96 0
2910 51.669 | 321.691 | 2617.43 | 53595 | -423.41 | 31791 0
2940 51.669 | 321.691 | 2636.03 | 554.42 -438 328.86 0
2970 51.669 | 321.691 | 2654.64 | 572.89 | -452.58 | 339.82 0
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3000 51.669 | 321.691 | 2673.24 | 591.35 | -467.17 | 350.77 0
3030 51.669 | 321.691 | 2691.85 | 609.82 | -481.76 | 361.72 0
3060 51.669 | 321.691 | 271046 | 628.28 | -496.35 | 372.68 0
3060.82 | 51.669 | 321.691 | 2710.97 | 628.79 | -496.75 | 372.98 0
3090 50.977 318.06 2729.2 646.2 -511.42 384.2 3
3120 50.385 | 314.258 | 2748.22 | 662.94 | -527.49 | 396.93 3
3150 49919 | 310.398 | 2767.44 | 678.45 | -544.51 410.82 3
3180 49.583 | 306.492 | 2786.83 | 692.68 | -562.44 | 425.83 3
3210 49.379 | 302.554 | 2806.33 705.6 -581.22 | 441.92 3
3240 49.31 298.6 2825.88 | 717.17 -600.8 459.05 3
3270 49.375 | 294.646 | 284543 | 727.37 | -621.14 | 477.17 3
3300 49.575 | 290.708 | 2864.93 | 736.16 | -642.18 | 496.24 3
3330 49.908 | 286.801 | 2884.32 | 743.51 -663.85 | 516.19 3
3360 50.37 282.939 | 2903.55 | 749.42 -686.1 536.98 3
3390 50.959 | 279.135 | 2922.57 | 753.85 | -708.86 | 558.55 3
3420 51.669 | 275.401 | 2941.33 | 756.81 -732.09 | 580.84 3
3450 52.494 | 271.744 | 2959.77 | 758.28 -755.7 603.78 3
3480 53.43 268.173 | 2977.84 | 758.26 | -779.64 | 627.32 3
3510 54.47 264.693 | 2995.5 756.75 | -803.84 | 651.38 3
3540 55.607 | 261.305 | 3012.69 | 753.75 | -828.24 | 675.92 3
3570 56.835 | 258.011 | 3029.37 | 749.27 | -852.76 | 700.85 3
3600 58.147 | 254.812 | 3045.5 743.32 | -877.35 | 726.11 3
3630 59.537 | 251.705 | 3061.02 | 735.92 | -901.92 | 751.62 3
3660 60.999 | 248.688 | 3075.9 727.09 | -926.43 777.33 3
3690 62.526 | 245.756 | 3090.1 716.86 | -950.79 | 803.16 3
3720 64.112 | 242.907 | 3103.57 | 705.24 | -974.94 | 829.03 3
3750 65.753 | 240.134 | 3116.28 | 692.28 | -998.82 | 854.88 3
3780 67.443 | 237.432 | 3128.2 678.01 | -1022.36 | 880.64 3
3810 69.177 | 234.797 | 3139.29 | 662.47 | -1045.5 | 906.24 3
3840 70.95 232.223 | 3149.52 645.7 | -1068.17 | 931.6 3
3870 72.758 | 229.704 | 3158.86 | 627.74 | -1090.31 | 956.65 3
3900 74.596 | 227.233 | 3167.3 608.65 | -1111.85 | 981.34 3
3930 76.462 | 224.807 | 3174.79 | 588.48 | -1132.75 | 1005.58 3
3960 78.351 222418 | 3181.34 | 567.29 | -1152.94 | 1029.32 3
3990 80.259 | 220.062 | 3186.9 545.12 | -1172.37 | 1052.48 3
4020 82.183 | 217.733 | 3191.48 | 522.05 | -1190.99 | 1075.01 3
4050 84.119 | 215425 | 3195.06 | 498.13 | -1208.73 | 1096.85 3
4080 86.065 | 213.133 | 3197.63 | 473.44 | -1225.57 | 1117.92 3
4080.32 | 86.086 | 213.109 | 3197.65 | 473.16 | -1225.74 | 1118.15 3
4110 86.086 | 213.109 | 3199.68 | 448.37 | -1241.91 | 1138.59 0
4140 86.086 | 213.109 | 3201.72 | 423.29 | -1258.26 | 1159.26 0
4170 86.086 | 213.109 | 3203.77 | 398.22 | -1274.61 | 1179.93 0
4200 86.086 | 213.109 | 3205.82 | 373.15 | -1290.96 | 1200.6 0
4230 86.086 | 213.109 | 3207.87 | 348.08 | -1307.31 | 1221.27 0
4260 86.086 | 213.109 | 3209.91 | 323.01 | -1323.66 | 1241.94 0
4290 86.086 | 213.109 | 3211.96 | 297.94 | -1340.01 | 1262.61 0
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4320 86.086 | 213.109 | 3214.01 | 272.87 | -1356.35 | 1283.28 0
4350 86.086 | 213.109 | 3216.06 247.8 -1372.7 | 1303.95 0
4380 86.086 | 213.109 | 3218.1 222.73 | -1389.05 | 1324.62 0
4410 86.086 | 213.109 | 3220.15 197.66 | -1405.4 | 1345.29 0
4440 86.086 | 213.109 | 3222.2 172.59 | -1421.75 | 1365.96 0
4470 86.086 | 213.109 | 3224.25 147.52 | -1438.1 | 1386.63 0
4500 86.086 | 213.109 | 3226.29 | 12245 | -1454.45 | 1407.3 0
4530 86.086 | 213.109 | 3228.34 97.38 -1470.8 | 1427.97 0
4560 86.086 | 213.109 | 3230.39 72.31 -1487.14 | 1448.64 0
4590 86.086 | 213.109 | 3232.44 47.24 | -1503.49 | 1469.31 0
4620 86.086 | 213.109 | 3234.49 22.17 | -1519.84 | 1489.98 0
4650 86.086 | 213.109 | 3236.53 -2.9 -1536.19 | 1510.66 0
4680 86.086 | 213.109 | 3238.58 | -27.97 | -1552.54 | 1531.33 0
4710 86.086 | 213.109 | 3240.63 | -53.04 | -1568.89 1552 0
4740 86.086 | 213.109 | 3242.68 | -78.11 | -1585.24 | 1572.67 0
4770 86.086 | 213.109 | 3244.72 | -103.18 | -1601.58 | 1593.34 0
4800 86.086 | 213.109 | 3246.77 | -128.26 | -1617.93 | 1614.01 0
4830 86.086 | 213.109 | 3248.82 | -153.33 | -1634.28 | 1634.68 0
4860 86.086 | 213.109 | 3250.87 | -178.4 | -1650.63 | 1655.35 0
4890 86.086 | 213.109 | 325291 | -203.47 | -1666.98 | 1676.02 0
4920 86.086 | 213.109 | 3254.96 | -228.54 | -1683.33 | 1696.69 0
4950 86.086 | 213.109 | 3257.01 | -253.61 | -1699.68 | 1717.36 0
4980 86.086 | 213.109 | 3259.06 | -278.68 | -1716.03 | 1738.03 0
5010 86.086 | 213.109 | 3261.1 -303.75 | -1732.37 | 1758.7 0
5036.6 86.086 | 213.109 | 3262.92 | -325.98 | -1746.87 | 1777.02 0
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VIL.12. Trajectory of Well #3¢ (#12)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0 0
1830 3 74.581 | 1829.99 0.21 0.76 0.52 3
1860 6 74.581 | 1859.89 0.83 3.03 2.1 3
1890 9 74.581 | 1889.63 1.88 6.8 4.71 3
1920 12 74.581 | 1919.12 3.33 12.07 8.36 3
1950 15 74.581 | 1948.29 5.19 18.82 13.04 3
1980 18 74.581 | 1977.05 7.46 27.03 18.73 3
2010 21 74.581 | 2005.33 10.12 36.69 25.42 3
2040 24 74.581 | 2033.04 13.17 47.75 33.08 3
2070 27 74.581 | 2060.12 16.6 60.2 41.71 3
2100 30 74.581 | 2086.48 2041 74 51.27 3
2130 33 74.581 | 2112.06 24.58 89.11 61.73 3
2160 36 74.581 | 2136.78 29.09 105.49 73.08 3
2189.41 | 38.941 74.581 | 2160.11 33.85 122.73 85.03 3
2190 38.941 74.581 | 2160.57 33.95 123.09 85.27 0
2220 38.941 74.581 | 2183.91 38.96 141.27 97.87 0
2250 38.941 74.581 | 2207.24 43.98 159.44 110.46 0
2280 38.941 74.581 | 2230.58 48.99 177.62 123.05 0
2310 38.941 74.581 | 225391 54 195.8 135.64 0
2340 38.941 74.581 | 2277.24 59.02 213.97 148.24 0
2370 38.941 74.581 | 2300.58 64.03 232.15 160.83 0
2400 38.941 74.581 | 232391 69.04 250.33 173.42 0
2430 38.941 74.581 | 2347.25 74.06 268.5 186.02 0
2460 38.941 74.581 | 2370.58 79.07 286.68 198.61 0
2490 38.941 74.581 | 2393.91 84.08 304.86 211.2 0
2520 38.941 74.581 | 2417.25 89.1 323.03 223.79 0
2550 38.941 74.581 | 2440.58 94.11 341.21 236.39 0
2580 38.941 74.581 | 2463.91 99.12 359.39 248.98 0
2610 38.941 74.581 | 2487.25 | 104.14 377.56 261.57 0
2640 38.941 74.581 | 2510.58 | 109.15 395.74 274.16 0
2670 38.941 74.581 | 253392 | 114.16 413.92 286.76 0
2700 38.941 74.581 | 2557.25 | 119.18 432.1 299.35 0
2730 38.941 74.581 | 2580.58 | 124.19 450.27 311.94 0
2760 38.941 74.581 | 2603.92 129.2 468.45 324.53 0
2790 38.941 74.581 | 2627.25 | 13422 486.63 337.13 0
2820 38.941 74.581 | 2650.59 | 139.23 504.8 349.72 0
2850 38.941 74.581 | 2673.92 | 144.24 522.98 362.31 0
2880 38.941 74.581 | 2697.25 | 149.26 541.16 374.9 0
2910 38.941 74.581 | 2720.59 | 154.27 559.33 387.5 0
2940 38.941 74.581 | 2743.92 | 159.28 577.51 400.09 0
2970 38.941 74.581 | 2767.26 164.3 595.69 | 412.68 0
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3000 38.941 74.581 | 2790.59 | 169.31 613.86 425.27 0
3030 38.941 74.581 | 2813.92 | 174.32 632.04 437.87 0
3046.56 | 38.941 74.581 2826.8 177.09 642.07 444.82 0
3060 39.346 76.612 | 2837.23 179.2 650.29 450.6 3
3090 40.374 81.01 2860.26 | 182.92 669.14 464.45 3
3120 41.561 85.213 | 2882.92 | 185.27 688.66 479.61 3
3150 42.894 89.213 | 2905.14 | 186.24 708.79 496.03 3
3180 44.359 93.008 | 2926.85 185.83 729.48 513.67 3
3210 45.943 96.603 | 2948.01 184.04 750.66 532.47 3
3240 47.634 100.003 | 2968.56 | 180.87 772.29 552.38 3
3270 49.42 103.221 | 2988.43 176.34 794.3 573.35 3
3300 51.29 106.268 | 3007.57 | 170.46 816.63 595.33 3
3330 53.236 109.156 | 3025.93 163.23 839.23 618.24 3
3360 55.248 111.899 | 3043.47 | 154.69 862.02 642.04 3
3390 57.318 114.509 | 3060.12 | 144.85 884.94 666.65 3
3420 59.44 117 3075.85 133.75 907.95 692 3
3450 61.607 119.383 | 3090.61 121.41 930.96 718.04 3
3480 63.814 121.67 | 3104.37 | 107.87 953.92 744.67 3
3510 66.056 123.871 | 3117.08 93.15 976.76 771.85 3
3540 68.328 125.996 | 3128.71 77.32 999.43 799.47 3
3570 70.627 128.055 | 3139.22 60.4 1021.85 | 827.49 3
3600 72.948 130.056 | 3148.6 42.44 1043.98 855.8 3
3630 75.288 132.008 | 3156.81 23.5 1065.74 | 884.35 3
3660 77.644 133.919 | 3163.83 3.62 1087.08 | 913.04 3
3690 80.013 135.795 | 3169.64 | -17.14 1107.94 | 941.81 3
3720 82.392 137.644 | 3174.23 | -38.72 1128.26 | 970.56 3
3750 84.779 139.473 | 3177.58 | -61.06 1147.99 | 999.24 3
3780 87.172 141.287 | 3179.69 | -84.11 1167.07 | 1027.74 3
3795.64 88.42 142.23 | 3180.29 | -96.39 1176.74 | 1042.51 3
3810 88.42 142.23 | 3180.69 | -107.73 | 1185.53 | 1056.04 0
3840 88.42 142.23 | 3181.51 | -131.44 1203.9 1084.3 0
3870 88.42 142.23 | 3182.34 | -155.15 | 1222.27 | 1112.56 0
3900 88.42 142.23 | 3183.17 | -178.85 | 1240.64 | 1140.82 0
3930 88.42 142.23 | 3183.99 | -202.56 1259 1169.08 0
3960 88.42 142.23 | 3184.82 | -226.26 | 1277.37 | 1197.34 0
3990 88.42 142.23 | 3185.65 | -249.97 | 1295.74 | 1225.6 0
4020 88.42 142.23 | 3186.48 | -273.67 | 1314.11 | 1253.86 0
4050 88.42 142.23 3187.3 | -297.38 | 1332.48 | 1282.12 0
4080 88.42 142.23 | 3188.13 | -321.08 | 1350.84 | 1310.37 0
4110 88.42 142.23 | 3188.96 | -344.79 | 1369.21 | 1338.63 0
4140 88.42 142.23 | 3189.79 | -368.49 | 1387.58 | 1366.89 0
4170 88.42 142.23 | 3190.61 -392.2 1405.95 | 1395.15 0
4200 88.42 142.23 | 3191.44 | -415.9 142431 | 1423.41 0
4230 88.42 142.23 | 3192.27 | -439.61 | 1442.68 | 1451.67 0
4260 88.42 142.23 | 3193.09 | -463.31 | 1461.05 | 1479.93 0
4290 88.42 142.23 | 3193.92 | -487.02 | 1479.42 | 1508.19 0
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4320 88.42 142.23 | 3194.75 | -510.72 | 1497.79 | 1536.45 0
4350 88.42 142.23 | 3195.58 | -534.43 | 1516.15 | 1564.71 0
4380 88.42 142.23 31964 | -558.13 | 1534.52 | 1592.97 0
4410 88.42 142.23 | 3197.23 | -581.84 | 1552.89 | 1621.23 0
4440 88.42 142.23 | 3198.06 | -605.55 | 1571.26 | 1649.49 0
4470 88.42 142.23 | 3198.88 | -629.25 | 1589.62 | 1677.75 0
4500 88.42 142.23 | 3199.71 | -652.96 | 1607.99 | 1706.01 0
4530 88.42 142.23 | 3200.54 | -676.66 | 1626.36 | 1734.27 0
4560 88.42 142.23 | 3201.37 | -700.37 | 1644.73 | 1762.53 0
4590 88.42 142.23 | 3202.19 | -724.07 1663.1 1790.79 0
4620 88.42 142.23 | 3203.02 | -747.78 | 1681.46 | 1819.05 0
4650 88.42 142.23 | 3203.85 | -771.48 | 1699.83 | 1847.31 0
4680 88.42 142.23 | 3204.67 | -795.19 1718.2 | 1875.57 0
4710 88.42 142.23 3205.5 | -818.89 | 1736.57 | 1903.83 0
4740 88.42 142.23 | 3206.33 | -842.6 1754.94 | 1932.09 0
4770 88.42 142.23 | 3207.16 | -866.3 1773.3 | 1960.35 0
4800 88.42 142.23 | 3207.98 | -890.01 | 1791.67 | 1988.61 0
4830 88.42 142.23 | 3208.81 | -913.71 | 1810.04 | 2016.87 0
4860 88.42 142.23 | 3209.64 | -937.42 | 1828.41 | 2045.13 0
4890 88.42 142.23 | 3210.46 | -961.12 | 1846.77 | 2073.39 0
4920 88.42 142.23 | 3211.29 | -984.83 | 1865.14 | 2101.65 0
4950 88.42 142.23 | 3212.12 | -1008.53 | 1883.51 | 2129.91 0
4980 88.42 142.23 | 3212.95 | -1032.24 | 1901.88 | 2158.16 0
5010 88.42 142.23 | 3213.77 | -1055.95 | 1920.25 | 2186.42 0
5040 88.42 142.23 3214.6 | -1079.65 | 1938.61 | 2214.68 0
5070 88.42 142.23 | 321543 | -1103.36 | 1956.98 | 2242.94 0
5100 88.42 142.23 | 3216.25 | -1127.06 | 197535 | 2271.2 0
5130 88.42 142.23 | 3217.08 | -1150.77 | 1993.72 | 2299.46 0
5160 88.42 142.23 | 3217.91 | -1174.47 | 2012.08 | 2327.72 0
5190 88.42 142.23 | 3218.74 | -1198.18 | 2030.45 | 2355.98 0
5220 88.42 142.23 | 3219.56 | -1221.88 | 2048.82 | 2384.24 0
5250 88.42 142.23 | 3220.39 | -1245.59 | 2067.19 | 2412.5 0
5280 88.42 142.23 | 3221.22 | -1269.29 | 2085.56 | 2440.76 0
5310 88.42 142.23 | 3222.05 -1293 2103.92 | 2469.02 0
5340 88.42 142.23 | 3222.87 | -1316.7 | 2122.29 | 2497.28 0
5370 88.42 142.23 3223.7 | -1340.41 | 2140.66 | 2525.54 0
5400 88.42 142.23 | 3224.53 | -1364.11 | 2159.03 | 2553.8 0
5430 88.42 142.23 | 3225.35 | -1387.82 | 2177.39 | 2582.06 0
5452.51 88.42 142.23 | 3225.97 | -1405.61 | 2191.18 | 2603.27 0
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VIL.13. Trajectory of Well #3d (#13)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0 0
1830 3 139.805 | 1829.99 -0.6 0.51 0.77 3
1860 6 139.805 | 1859.89 24 2.03 3.09 3
1890 9 139.805 | 1889.63 -5.39 4.55 6.95 3
1920 12 139.805 | 1919.12 -9.56 8.08 12.33 3
1950 15 139.805 | 1948.29 | -14.91 12.6 19.22 3
1980 18 139.805 | 1977.05 | -21.42 18.1 27.61 3
2010 21 139.805 | 2005.33 | -29.07 24.56 37.47 3
2040 24 139.805 | 2033.04 | -37.84 31.97 48.78 3
2070 27 139.805 | 2060.12 -47.7 40.3 61.49 3
2100 30 139.805 | 2086.48 | -58.63 49.54 75.59 3
2130 33 139.805 | 2112.06 | -70.61 59.66 91.02 3
2160 36 139.805 | 2136.78 | -83.58 70.62 107.75 3
2173.48 | 37.348 | 139.805 | 2147.59 | -89.74 75.82 115.68 3
2190 37.348 | 139.805 | 2160.72 | -97.39 82.29 125.55 0
2220 37.348 | 139.805 | 2184.57 | -111.29 94.03 143.47 0
2250 37.348 | 139.805 | 2208.42 | -125.19 | 105.78 161.39 0
2280 37.348 | 139.805 | 2232.27 | -139.1 117.52 179.31 0
2310 37.348 | 139.805 | 2256.12 -153 129.27 197.23 0
2340 37.348 | 139.805 | 2279.96 | -166.9 141.02 215.15 0
2370 37.348 | 139.805 | 2303.81 | -180.8 152.76 233.07 0
2400 37.348 | 139.805 | 2327.66 | -194.7 164.51 251 0
2430 37.348 | 139.805 | 2351.51 | -208.61 176.25 268.92 0
2460 37.348 | 139.805 | 2375.36 | -222.51 188 286.84 0
2490 37.348 | 139.805 | 2399.21 | -236.41 199.75 304.76 0
2520 37.348 | 139.805 | 2423.06 | -250.31 | 211.49 322.68 0
2550 37.348 | 139.805 | 2446.91 | -264.21 | 223.24 340.6 0
2580 37.348 | 139.805 | 2470.76 | -278.12 | 234.98 358.52 0
2610 37.348 | 139.805 | 2494.6 | -292.02 | 246.73 376.45 0
2640 37.348 | 139.805 | 2518.45 | -305.92 | 258.48 394.37 0
2670 37.348 | 139.805 | 25423 | -319.82 | 270.22 | 412.29 0
2700 37.348 | 139.805 | 2566.15 | -333.72 | 281.97 | 430.21 0
2730 37.348 | 139.805 2590 -347.62 | 293.71 448.13 0
2760 37.348 | 139.805 | 2613.85 | -361.53 | 305.46 | 466.05 0
2790 37.348 | 139.805 | 2637.7 | -375.43 | 317.21 483.97 0
2820 37.348 | 139.805 | 2661.55 | -389.33 | 328.95 501.89 0
2850 37.348 | 139.805 | 2685.39 | -403.23 340.7 519.82 0
2880 37.348 | 139.805 | 2709.24 | -417.13 | 352.44 537.74 0
2910 37.348 | 139.805 | 2733.09 | -431.04 | 364.19 555.66 0
2940 37.348 | 139.805 | 2756.94 | -444.94 | 375.94 573.58 0
2970 37.348 | 139.805 | 2780.79 | -458.84 | 387.68 591.5 0
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3000 37.348 139.805 | 2804.64 | -472.74 | 399.43 609.42 0
3030 37.348 139.805 | 2828.49 | -486.64 | 411.17 627.34 0
3060 37.348 139.805 | 2852.34 | -500.55 | 422.92 645.26 0
3090 37.348 139.805 | 2876.19 | -514.45 | 434.67 663.19 0
3120 37.348 139.805 | 2900.03 | -528.35 | 446.41 681.11 0
3150 37.348 139.805 | 2923.88 | -542.25 | 458.16 699.03 0
3180 37.348 139.805 | 2947.73 | -556.15 469.9 716.95 0
3210 37.348 139.805 | 2971.58 | -570.06 | 481.65 734.87 0
3240 37.348 139.805 | 299543 | -583.96 493.4 752.79 0
3259.24 | 37.348 139.805 | 3010.73 | -592.88 | 500.93 764.29 0
3270 38.295 138.97 | 3019.22 | -597.88 | 505.22 770.79 3
3300 40.962 136.816 | 3042.33 | -612.07 | 518.06 789.73 3
3330 43.665 134.883 | 3064.51 | -626.55 | 532.13 809.81 3
3360 46.398 133.133 | 3085.71 | -641.29 547.4 830.97 3
3390 49.155 131.536 | 3105.87 | -656.24 | 563.82 853.16 3
3420 51.932 130.066 | 3124.94 | -671.37 | 581.36 876.32 3
3450 54.727 128.705 | 3142.85 | -686.63 599.96 900.38 3
3480 57.535 127.435 | 3159.57 | -701.99 | 619.57 925.27 3
3510 60.356 126.242 | 3175.04 | -717.39 | 640.14 950.94 3
3540 63.187 125.114 | 3189.23 | -732.8 661.61 977.3 3
3570 66.026 124.041 | 3202.1 -748.18 | 683.92 | 1004.29 3
3600 68.872 123.014 | 3213.6 | -763.48 | 707.01 1031.82 3
3630 71.724 122.027 | 3223.71 | -778.66 | 730.83 1059.84 3
3660 74.582 121.071 | 3232.41 | -793.68 | 755.29 | 1088.25 3
3690 77.443 120.141 | 3239.66 | -808.5 780.35 | 1116.99 3
3720 80.307 119.232 | 324545 | -823.07 | 805.92 | 1145.97 3
3750 83.174 118.338 | 3249.75 | -837.36 | 831.94 | 1175.11 3
3780 86.042 117.454 | 3252.57 | -851.34 | 858.33 1204.33 3
3810 88.911 116.577 | 3253.89 | -864.95 | 885.03 | 1233.56 3
3819.61 89.831 116.297 3254 -869.23 893.63 | 124291 3
3840 89.848 114.938 | 3254.06 | -878.04 | 912.02 | 1262.68 2
3870 89.874 112.938 | 3254.13 | -890.21 939.43 | 1291.54 2
3900 89.9 110.938 | 3254.19 | -901.42 | 967.26 1320.1 2
3930 89.926 108.938 | 3254.23 | -911.65 | 99546 | 1348.32 2
3950.92 | 89.945 107.544 | 3254.26 | -918.2 1015.33 | 1367.78 2
3960 89.945 107.544 | 3254.27 | -920.94 | 1023.99 | 1376.18 0
3990 89.945 107.544 | 32543 | -929.98 | 1052.59 | 1403.95 0
4020 89.945 107.544 | 325432 | -939.02 1081.2 | 1431.73 0
4050 89.945 107.544 | 3254.35 | -948.07 1109.8 1459.5 0
4080 89.945 107.544 | 3254.38 | -957.11 1138.4 | 1487.27 0
4109.69 | 89.945 107.544 | 3254.41 | -966.06 | 1166.72 | 1514.76 0
4110 89.945 107.564 | 3254.41 | -966.15 | 1167.01 | 1515.04 2
4140 89.918 109.564 | 3254.45 | -975.7 1195.45 | 1543.01 2
4170 89.892 111.564 | 3254.5 | -986.24 | 1223.53 | 1571.34 2
4200 89.866 113.564 | 3254.56 | -997.75 | 1251.24 | 1599.99 2
4230 89.84 115.563 | 3254.64 | -1010.22 | 1278.52 | 1628.94 2

145




Appendix VIL

4260 89.814 117.563 | 3254.73 | -1023.63 | 1305.35 | 1658.14 2
4290 89.789 119.563 | 3254.83 | -1037.98 | 1331.7 | 1687.57 2
4320 89.764 121.563 | 3254.95 | -1053.23 | 1357.53 | 1717.18 2
4350 89.739 123.563 | 3255.08 | -1069.38 | 1382.81 | 1746.94 2
4380 89.714 125.563 | 3255.22 | -1086.4 | 1407.52 | 1776.82 2
4410 89.69 127.563 | 3255.38 | -1104.27 | 1431.61 | 1806.77 2
4440 89.666 129.563 | 3255.55 | -1122.97 | 1455.07 | 1836.76 2
4470 89.643 131.562 | 3255.73 | -1142.47 | 1477.86 | 1866.76 2
4500 89.62 133.562 | 3255.92 | -1162.76 | 1499.95 | 1896.72 2
4517.78 | 89.606 134.748 | 3256.04 | -1175.15 | 1512.71 | 1914.45 2
4530 89.606 134.748 | 3256.12 | -1183.75 | 1521.38 | 1926.62 0
4560 89.606 134.748 | 3256.33 | -1204.87 | 1542.69 | 1956.51 0
4590 89.606 134.748 | 3256.54 | -1225.99 1564 1986.39 0
4620 89.606 134.748 | 3256.74 | -1247.11 | 1585.3 | 2016.28 0
4650 89.606 134.748 | 3256.95 | -1268.23 | 1606.61 | 2046.16 0
4680 89.606 134.748 | 3257.15 | -1289.35 | 1627.91 | 2076.05 0
4710 89.606 134.748 | 3257.36 | -1310.46 | 1649.22 | 2105.94 0
4740 89.606 134.748 | 3257.57 | -1331.58 | 1670.53 | 2135.82 0
4770 89.606 134.748 | 3257.77 | -1352.7 | 1691.83 | 2165.71 0
4800 89.606 134.748 | 3257.98 | -1373.82 | 1713.14 | 2195.59 0
4830 89.606 134.748 | 3258.19 | -1394.94 | 1734.44 | 2225.48 0
4860 89.606 134.748 | 3258.39 | -1416.06 | 1755.75 | 2255.37 0
4890 89.606 134.748 | 3258.6 | -1437.18 | 1777.06 | 2285.25 0
4920 89.606 134.748 | 3258.8 | -1458.3 | 1798.36 | 2315.14 0
4950 89.606 134.748 | 3259.01 | -1479.42 | 1819.67 | 2345.02 0
4980 89.606 134.748 | 3259.22 | -1500.54 | 1840.97 | 2374.91 0
5010 89.606 134.748 | 3259.42 | -1521.66 | 1862.28 | 2404.8 0
5040 89.606 134.748 | 3259.63 | -1542.77 | 1883.58 | 2434.68 0
5070 89.606 134.748 | 3259.83 | -1563.89 | 1904.89 | 2464.57 0
5100 89.606 134.748 | 3260.04 | -1585.01 | 1926.2 | 2494.46 0
5130 89.606 134.748 | 3260.25 | -1606.13 | 1947.5 | 2524.34 0
5160 89.606 134.748 | 3260.45 | -1627.25 | 1968.81 | 2554.23 0
5190 89.606 134.748 | 3260.66 | -1648.37 | 1990.11 | 2584.11 0
5220 89.606 134.748 | 3260.87 | -1669.49 | 2011.42 2614 0
5250 89.606 134.748 | 3261.07 | -1690.61 | 2032.73 | 2643.89 0
5260 89.606 134.748 | 3261.14 | -1697.65 | 2039.83 | 2653.84 0
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VIL.14. Trajectory of Well #3e (#14)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0 0
1830 3 158.444 | 1829.99 -0.73 0.29 0.76 3
1860 6 158.444 | 1859.89 -2.92 1.15 3.03 3
1890 9 158.444 | 1889.63 -6.56 2.59 6.81 3
1920 12 158.444 | 1919.12 | -11.64 4.6 12.09 3
1950 15 158.444 | 1948.29 | -18.16 7.17 18.85 3
1980 18 158.444 | 1977.05 | -26.08 10.3 27.08 3
2010 21 158.444 | 2005.33 | -35.39 13.98 36.75 3
2040 24 158.444 | 2033.04 | -46.07 18.2 47.83 3
2070 27 158.444 | 2060.12 | -58.08 22.94 60.3 3
2100 30 158.444 | 2086.48 | -71.39 28.2 74.13 3
2130 33 158.444 | 2112.06 | -85.97 33.96 89.26 3
2160 36 158.444 | 2136.78 | -101.77 40.2 105.67 3
2190 39 158.444 | 2160.57 | -118.76 46.91 1233 3
2220 42 158.444 | 2183.38 | -136.87 54.07 142.12 3
2250 45 158.444 | 2205.14 | -156.08 61.66 162.05 3
2280 48 158.444 | 2225.79 | -176.31 69.65 183.07 3
2310 51 158.444 | 2245.27 | -197.53 78.03 205.09 3
2340 54 158.444 | 2263.53 | -219.66 86.78 228.07 3
2370 57 158.444 | 2280.52 | -242.65 95.86 251.95 3
2400 60 158.444 | 2296.2 | -266.44 | 105.26 276.64 3
2430 63 158.444 | 2310.51 | -290.96 | 114.94 302.1 3
2444.18 | 64.418 | 158.444 | 2316.79 | -302.78 | 119.61 314.38 3
2460 64.418 | 158.444 | 2323.62 | -316.05 | 124.86 328.16 0
2490 64.418 | 158.444 | 2336.58 | -341.22 134.8 354.29 0
2520 64.418 | 158.444 | 2349.53 | -366.39 | 144.74 380.42 0
2550 64.418 | 158.444 | 2362.48 | -391.55 | 154.68 406.55 0
2580 64.418 | 158.444 | 2375.44 | -416.72 | 164.62 | 432.68 0
2610 64.418 | 158.444 | 2388.39 | -441.89 | 174.57 | 458.81 0
2640 64.418 | 158.444 | 2401.35 | -467.05 | 184.51 484.94 0
2670 64.418 | 158.444 | 24143 | -492.22 | 19445 511.07 0
2700 64.418 | 158.444 | 2427.25 | -517.39 | 204.39 537.2 0
2730 64.418 | 158.444 | 2440.21 | -542.55 | 214.33 563.33 0
2760 64.418 | 158.444 | 2453.16 | -567.72 | 224.28 589.46 0
2790 64.418 | 158.444 | 2466.12 | -592.88 | 234.22 615.59 0
2820 64.418 | 158.444 | 2479.07 | -618.05 | 244.16 641.72 0
2850 64.418 | 158.444 | 2492.03 | -643.22 254.1 667.85 0
2880 64.418 | 158.444 | 2504.98 | -668.38 | 264.04 693.98 0
2910 64.418 | 158.444 | 2517.93 | -693.55 | 273.99 720.11 0
2940 64.418 | 158.444 | 2530.89 | -718.72 | 283.93 746.24 0
2970 64.418 | 158.444 | 2543.84 | -743.88 | 293.87 772.37 0
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3000 64.418 158.444 | 2556.8 | -769.05 | 303.81 798.5 0
3030 64.418 158.444 | 2569.75 | -794.22 | 313.75 824.63 0
3060 64.418 158.444 | 25827 | -819.38 323.7 850.76 0
3090 64.418 158.444 | 2595.66 | -844.55 | 333.64 876.89 0
3120 64.418 158.444 | 2608.61 | -869.71 343.58 903.02 0
3150 64.418 158.444 | 2621.57 | -894.88 | 353.52 929.15 0
3180 64.418 158.444 | 2634.52 | -920.05 | 363.46 955.28 0
3210 64.418 158.444 | 2647.48 | -945.21 3734 981.41 0
3240 64.418 158.444 | 266043 | -970.38 | 383.35 | 1007.54 0
3270 64.418 158.444 | 2673.38 | -995.55 | 393.29 | 1033.67 0
3300 64.418 158.444 | 2686.34 | -1020.71 | 403.23 1059.8 0
3330 64.418 158.444 | 2699.29 | -1045.88 | 413.17 | 1085.93 0
3360 64.418 158.444 | 2712.25 | -1071.05 | 423.11 1112.06 0
3390 64.418 158.444 | 2725.2 | -1096.21 | 433.06 | 1138.19 0
3420 64.418 158.444 | 2738.15 | -1121.38 443 1164.32 0
3450 64.418 158.444 | 2751.11 | -1146.54 | 452.94 | 1190.45 0
3480 64.418 158.444 | 2764.06 | -1171.71 | 462.88 | 1216.58 0
3510 64.418 158.444 | 2777.02 | -1196.88 | 472.82 | 1242.71 0
3540 64.418 158.444 | 2789.97 | -1222.04 | 482.77 | 1268.84 0
3570 64.418 158.444 | 2802.93 | -1247.21 | 492.71 1294.97 0
3600 64.418 158.444 | 2815.88 | -1272.38 | 502.65 1321.1 0
3630 64.418 158.444 | 2828.83 | -1297.54 | 512.59 | 1347.23 0
3660 64.418 158.444 | 2841.79 | -1322.71 | 522.53 1373.36 0
3690 64.418 158.444 | 2854.74 | -1347.88 | 532.48 | 1399.49 0
3720 64.418 158.444 | 2867.7 | -1373.04 | 542.42 | 1425.62 0
3750 64.418 158.444 | 2880.65 | -1398.21 | 552.36 | 1451.75 0
3780 64.418 158.444 | 2893.6 | -1423.38 | 562.3 1477.88 0
3810 64.418 158.444 | 2906.56 | -1448.54 | 572.24 | 1504.01 0
3840 64.418 158.444 | 2919.51 | -1473.71 | 582.19 | 1530.14 0
3870 64.418 158.444 | 293247 | -1498.87 | 592.13 | 1556.27 0
3900 64.418 158.444 | 294542 | -1524.04 | 602.07 1582.4 0
3930 64.418 158.444 | 2958.38 | -1549.21 | 612.01 1608.53 0
3960 64.418 158.444 | 2971.33 | -1574.37 | 621.95 | 1634.66 0
3985.14 | 64.418 158.444 | 2982.19 | -1595.46 | 630.28 | 1656.56 0
3990 64.635 158.925 | 2984.28 | -1599.55 | 631.88 1660.8 3
4020 66.008 161.861 | 2996.8 | -1625.23 | 641.02 | 1687.35 3
4050 67.436 164.733 | 3008.66 | -1651.62 | 648.94 | 1714.47 3
4080 68.914 167.546 | 3019.82 | -1678.65 | 655.6 1742.08 3
4110 70.437 170.302 | 3030.24 | -1706.26 661 1770.12 3
4140 72.002 173.006 | 3039.9 | -1734.36 | 665.12 | 1798.51 3
4170 73.603 175.661 | 3048.77 | -1762.87 | 667.95 | 1827.16 3
4200 75.237 178.273 | 3056.83 | -1791.73 | 669.48 1856 3
4230 76.9 180.846 | 3064.05 | -1820.84 | 669.7 1884.95 3
4260 78.588 183.384 | 3070.42 | -1850.13 | 668.61 1913.93 3
4290 80.298 185.892 | 3075.92 | -1879.52 | 666.23 | 1942.86 3
4320 82.025 188.374 | 3080.53 | -1908.93 | 662.55 | 1971.67 3

148




Appendix VIL

4350 83.768 190.835 | 3084.24 | -1938.28 | 657.58 | 2000.27 3
4380 85.521 193.28 | 3087.04 | -1967.49 | 651.34 | 2028.58 3
4410 87.283 195.713 | 3088.92 | -1996.47 | 643.84 | 2056.53 3
4440 89.049 198.139 | 3089.88 | -2025.16 | 635.11 | 2084.04 3
4450.86 | 89.689 199.016 3090 -2035.44 | 631.66 | 2093.87 3
4470 89.689 199.016 | 3090.1 | -2053.54 | 62542 | 2111.15 0
4500 89.689 199.016 | 3090.27 | -2081.91 | 615.64 | 2138.22 0
4530 89.689 199.016 | 309043 | -2110.27 | 605.87 | 2165.29 0
4560 89.689 199.016 | 3090.59 | -2138.63 | 596.09 | 2192.37 0
4590 89.689 199.016 | 3090.75 | -2166.99 | 586.32 | 2219.44 0
4620 89.689 199.016 | 3090.92 | -2195.36 | 576.54 | 2246.51 0
4650 89.689 199.016 | 3091.08 | -2223.72 | 566.77 | 2273.59 0
4680 89.689 199.016 | 3091.24 | -2252.08 | 556.99 | 2300.66 0
4710 89.689 199.016 | 3091.41 | -2280.44 | 547.22 | 2327.73 0
4740 89.689 199.016 | 3091.57 | -2308.8 | 537.44 | 2354.81 0
4770 89.689 199.016 | 3091.73 | -2337.17 | 527.67 | 2381.88 0
4800 89.689 199.016 | 3091.89 | -2365.53 | 517.89 | 2408.95 0
4830 89.689 199.016 | 3092.06 | -2393.89 | 508.12 | 2436.03 0
4860 89.689 199.016 | 3092.22 | -2422.25 | 498.34 2463.1 0
4890 89.689 199.016 | 3092.38 | -2450.62 | 488.57 | 2490.17 0
4920 89.689 199.016 | 3092.54 | -2478.98 | 478.79 | 2517.25 0
4950 89.689 199.016 | 3092.71 | -2507.34 | 469.02 | 2544.32 0
4980 89.689 199.016 | 3092.87 | -2535.7 | 459.24 | 2571.39 0
5010 89.689 199.016 | 3093.03 | -2564.07 | 449.47 | 2598.47 0
5040 89.689 199.016 | 3093.2 | -2592.43 | 439.69 | 2625.54 0
5070 89.689 199.016 | 3093.36 | -2620.79 | 429.92 | 2652.61 0
5100 89.689 199.016 | 3093.52 | -2649.15 | 420.14 | 2679.69 0
5130 89.689 199.016 | 3093.68 | -2677.52 | 410.37 | 2706.76 0
5160 89.689 199.016 | 3093.85 | -2705.88 | 400.59 | 2733.83 0
5190 89.689 199.016 | 3094.01 | -2734.24 | 390.82 | 2760.91 0
5220 89.689 199.016 | 3094.17 | -2762.6 | 381.04 | 2787.98 0
5250 89.689 199.016 | 3094.33 | -2790.96 | 371.27 | 2815.05 0
5280 89.689 199.016 | 3094.5 | -2819.33 | 361.49 | 2842.13 0
5310 89.689 199.016 | 3094.66 | -2847.69 | 351.72 2869.2 0
5340 89.689 199.016 | 3094.82 | -2876.05 | 341.94 | 2896.27 0
5370 89.689 199.016 | 3094.98 | -2904.41 | 332.17 | 2923.35 0
5372.82 | 89.689 199.016 3095 -2907.08 | 331.25 | 2925.89 0
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VIL.15. Trajectory of Well #3f (#15)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
1170 0 0 1170 0 0 0 0
1800 0 0 1800 0 0 0 0
1830 3 82.282 | 1829.99 0.11 0.78 -0.11 3
1860 6 82.282 | 1859.89 0.42 3.11 -0.46 3
1890 9 82.282 | 1889.63 0.95 6.99 -1.03 3
1920 12 82.282 | 1919.12 1.68 1241 -1.82 3
1950 15 82.282 | 1948.29 2.62 19.35 -2.84 3
1980 18 82.282 | 1977.05 3.77 27.79 -4.08 3

1994.98 | 19.498 82.282 | 1991.24 441 32.56 -4.78 3
2010 19.498 82.282 2005.4 5.09 37.53 -5.51 0
2040 19.498 82.282 | 2033.68 6.43 47.45 -6.96 0
2070 19.498 82.282 | 2061.96 7.78 57.37 -8.42 0
2100 19.498 82.282 | 2090.24 9.12 67.29 -9.87 0
2130 19.498 82.282 | 2118.52 10.46 77.22 -11.33 0
2160 19.498 82.282 2146.8 11.81 87.14 -12.79 0
2190 19.498 82.282 | 2175.07 13.15 97.06 -14.24 0
2220 19.498 82.282 | 2203.35 14.5 106.98 -15.7 0
2250 19.498 82.282 | 2231.63 15.84 116.91 -17.15 0
2280 19.498 82.282 | 2259.91 17.19 126.83 -18.61 0
2310 19.498 82.282 | 2288.19 18.53 136.75 -20.07 0
2340 19.498 82.282 | 2316.47 19.88 146.67 -21.52 0
2370 19.498 82.282 | 2344.75 21.22 156.6 -22.98 0
2400 19.498 82.282 | 2373.03 22.57 166.52 -24.43 0
2430 19.498 82.282 | 2401.31 23.91 176.44 -25.89 0
2460 19.498 82.282 | 2429.59 25.26 186.36 -27.34 0
2490 19.498 82.282 | 2457.87 26.6 196.29 -28.8 0
2520 19.498 82.282 | 2486.15 27.95 206.21 -30.26 0
2550 19.498 82.282 | 2514.43 29.29 216.13 -31.71 0
2580 19.498 82.282 | 2542.71 30.64 226.05 -33.17 0
2610 19.498 82.282 | 2570.99 31.98 235.98 -34.62 0
2640 19.498 82.282 | 2599.27 33.32 245.9 -36.08 0
2670 19.498 82.282 | 2627.55 34.67 255.82 -37.54 0

2681.88 | 19.498 82.282 | 2638.75 35.2 259.75 -38.11 0

2700 18.817 87.401 | 2655.87 35.74 265.67 -38.72 3
2730 18.025 96.568 | 2684.33 35.43 275.11 -38.51 3
2760 17.695 | 106.301 | 2712.89 33.62 284.1 -36.8 3
2790 17.854 | 116.126 | 2741.47 30.31 292.61 -33.59 3
2820 18.489 | 125.538 | 2769.98 25.52 300.61 -28.89 3
2850 19.554 | 134.155 | 2798.35 19.26 308.09 -22.71 3
2880 20.982 | 141.779 | 2826.49 11.54 315.01 -15.07 3
2910 22.707 | 148.385 | 2854.34 2.39 321.37 -5.99 3
2940 24.664 154.05 | 2881.82 -8.18 327.15 451 3
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2970 26.804 158.897 | 2908.84 | -20.12 332.32 16.39 3
3000 29.086 163.057 | 293535 | -3341 336.88 29.63 3
3030 31.479 166.648 | 2961.25 | -48.01 340.82 44.18 3
3060 33.959 169.773 | 2986.49 | -63.88 344.12 60.01 3
3090 36.509 172.516 3011 -80.98 346.77 77.08 3
3120 39.114 174.944 | 3034.7 -99.25 348.76 95.34 3
3150 41.764 177.113 | 3057.53 | -118.66 350.1 114.73 3
3180 44.451 179.066 | 3079.43 | -139.15 | 350.78 135.21 3
3210 47.168 180.84 | 3100.34 | -160.66 | 350.79 156.71 3
3240 49.91 182.465 | 3120.2 | -183.12 | 350.13 179.19 3
3270 52.673 183.962 | 3138.96 | -206.49 | 348.81 202.57 3
3300 55.454 185.353 | 3156.57 | -230.7 346.84 226.8 3
3330 58.249 186.654 | 3172.97 | -255.68 344.2 251.8 3
3360 61.057 187.879 | 3188.12 | -281.35 | 340.93 277.51 3
3390 63.876 189.038 | 3201.99 | -307.66 | 337.01 303.86 3
3420 66.703 190.143 | 3214.53 | -334.53 332.47 330.78 3
3450 69.537 191.202 | 3225.71 | -361.89 | 327.31 358.19 3
3480 72.378 192.222 | 3235.5 | -389.65 | 321.55 386.02 3
3510 75.224 193.211 | 3243.87 | -417.75 | 315.21 414.19 3
3540 78.074 194.174 | 3250.79 | -446.1 308.3 442.62 3
3570 80.927 195.117 | 3256.26 | -474.64 | 300.84 471.24 3
3600 83.783 196.045 | 3260.25 | -503.28 | 292.85 499.96 3
3630 86.64 196.963 | 3262.76 | -531.94 | 284.36 528.71 3
3660 89.498 197.876 | 3263.77 | -560.54 | 275.39 557.42 3
3668.59 | 90.316 198.137 | 3263.78 | -568.71 272.73 565.61 3
3690 90.316 198.137 | 3263.66 | -589.06 | 266.07 586.04 0
3720 90.316 198.137 | 3263.5 | -617.57 | 256.73 614.65 0
3750 90.316 198.137 | 3263.33 | -646.07 | 247.39 643.26 0
3780 90.316 198.137 | 3263.17 | -674.58 | 238.05 671.87 0
3810 90.316 198.137 3263 -703.09 | 228.71 700.48 0
3840 90.316 198.137 | 3262.83 | -731.6 219.37 729.1 0
3870 90.316 198.137 | 3262.67 | -760.11 210.04 757.71 0
3900 90.316 198.137 | 3262.5 | -788.62 200.7 786.32 0
3930 90.316 198.137 | 3262.34 | -817.13 191.36 814.93 0
3960 90.316 198.137 | 3262.17 | -845.64 182.02 843.54 0
3990 90.316 198.137 | 3262.01 | -874.15 172.68 872.16 0
4020 90.316 198.137 | 3261.84 | -902.66 163.34 900.77 0
4050 90.316 198.137 | 3261.68 | -931.16 154 929.38 0
4080 90.316 198.137 | 3261.51 | -959.67 144.66 957.99 0
4110 90.316 198.137 | 3261.35 | -988.18 135.33 986.6 0
4140 90.316 198.137 | 3261.18 | -1016.69 | 125.99 | 1015.21 0
4170 90.316 198.137 | 3261.01 | -1045.2 116.65 | 1043.83 0
4200 90.316 198.137 | 3260.85 | -1073.71 | 107.31 1072.44 0
4230 90.316 198.137 | 3260.68 | -1102.22 | 97.97 1101.05 0
4260 90.316 198.137 | 3260.52 | -1130.73 88.63 1129.66 0
4290 90.316 198.137 | 3260.35 | -1159.24 | 79.29 1158.27 0
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4320 90.316 | 198.137 | 3260.19 | -1187.75 | 69.96 1186.89 0
4350 90.316 | 198.137 | 3260.02 | -1216.25 | 60.62 1215.5 0
4380 90.316 | 198.137 | 3259.86 | -1244.76 | 51.28 1244.11 0
4410 90.316 | 198.137 | 3259.69 | -1273.27 | 41.94 1272.72 0
4440 90.316 | 198.137 | 3259.53 | -1301.78 32.6 1301.33 0
4470 90.316 | 198.137 | 3259.36 | -1330.29 | 23.26 1329.95 0
4500 90.316 | 198.137 | 3259.19 | -1358.8 13.92 1358.56 0
4530 90.316 | 198.137 | 3259.03 | -1387.31 4.59 1387.17 0
4560 90.316 | 198.137 | 3258.86 | -1415.82 | -4.75 1415.78 0
4590 90.316 | 198.137 | 3258.7 | -1444.33 | -14.09 | 144439 0
4597.01 | 90.316 | 198.137 | 3258.66 | -1450.99 | -16.27 | 1451.08 0
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VIL.16. Trajectory of Well #4a (#16)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
0 0 0 0 -1 -8.3 0 0
1700 0 360 1700 -1 -8.3 0 0
1709.94 0.994 265.54 | 1709.94 -1.01 -8.39 -0.04 3
1710 0.994 265.54 1710 -1.01 -8.39 -0.04 0
1740 0.994 265.54 | 1739.99 -1.05 -8.91 -0.31 0
1770 0.994 265.54 | 1769.99 -1.09 -9.42 -0.57 0
1800 0.994 265.54 | 1799.99 -1.13 -9.94 -0.83 0
1830 0.994 265.54 | 1829.98 -1.17 -10.46 -1.09 0
1860 0.994 265.54 | 1859.98 -1.21 -10.98 -1.35 0
1890 0.994 265.54 | 1889.97 -1.25 -11.5 -1.61 0
1920 0.994 265.54 | 1919.97 -1.29 -12.02 -1.87 0
1950 0.994 265.54 | 1949.96 -1.33 -12.54 -2.13 0
1980 0.994 265.54 | 1979.96 -1.37 -13.06 24 0
2010 0.994 265.54 | 2009.95 -1.41 -13.57 -2.66 0
2040 0.994 265.54 | 2039.95 -1.45 -14.09 -2.92 0
2070 0.994 265.54 | 2069.95 -1.49 -14.61 -3.18 0
2100 0.994 265.54 | 2099.94 -1.53 -15.13 -3.44 0
2130 0.994 265.54 | 2129.94 -1.57 -15.65 -3.7 0
2160 0.994 265.54 | 2159.93 -1.61 -16.17 -3.96 0
2190 0.994 265.54 | 2189.93 -1.65 -16.69 -4.22 0
2220 0.994 265.54 | 2219.92 -1.69 -17.2 -4.49 0
2250 0.994 265.54 | 2249.92 -1.73 -17.72 -4.75 0
2280 0.994 265.54 | 227991 -1.78 -18.24 -5.01 0
2310 0.994 265.54 | 2309.91 -1.82 -18.76 -5.27 0
2340 0.994 265.54 2339.9 -1.86 -19.28 -5.53 0
2370 0.994 265.54 2369.9 -1.9 -19.8 -5.79 0
2400 0.994 265.54 2399.9 -1.94 -20.32 -6.05 0
2430 0.994 265.54 | 2429.89 -1.98 -20.84 -6.31 0
2460 0.994 265.54 | 2459.89 -2.02 -21.35 -6.58 0
2490 0.994 265.54 | 2489.88 -2.06 -21.87 -6.84 0
2516.36 0.994 265.54 | 2516.24 -2.09 -22.33 -7.07 0
2520 0.866 286.708 | 2519.88 -2.09 -22.39 -7.09 3
2550 2.981 9.631 2549.86 -1.25 -22.47 -6.37 3
2580 5918 17.998 | 2579.77 0.99 -21.86 -4.09 3
2610 8.897 20.803 | 2609.52 4.63 -20.56 -0.24 3
2640 11.886 22.206 | 2639.02 9.66 -18.57 5.15 3
2670 14.88 23.052 2668.2 16.06 -15.89 12.09 3
2700 17.876 23.619 | 2696.98 23.83 -12.54 20.54 3
2730 20.873 24.028 | 2725.28 32.93 -8.52 30.48 3
2760 23.871 24.338 | 2753.02 43.34 -3.84 41.9 3
2790 26.869 24.582 | 2780.12 55.04 1.48 54.74 3
2820 29.867 24.781 | 2806.52 67.99 7.44 69 3
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2850 32.866 24.946 | 2832.13 82.16 14 84.61 3
2880 35.865 25.087 | 2856.89 97.5 21.16 101.54 3
2910 38.864 25.208 | 2880.73 113.98 28.9 119.74 3
2940 41.863 25.315 | 2903.59 | 131.55 37.19 139.17 3
2970 44.863 2541 2925.4 150.16 46.01 159.76 3
3000 47.862 25.496 2946.1 169.76 55.34 181.47 3
3030 50.861 25.573 | 2965.63 190.3 65.15 204.24 3
3060 53.861 25.645 | 2983.95 | 211.72 75.42 227.99 3
3090 56.86 25.711 3001 233.96 86.12 252.67 3
3120 59.86 25.772 | 3016.74 | 256.97 97.21 278.21 3
3150 62.859 25.831 | 3031.11 | 280.67 108.67 304.53 3
3180 65.859 25.886 | 3044.09 305 120.46 331.57 3
3210 68.859 25.938 | 3055.64 329.9 132.56 359.26 3
3240 71.858 25.989 | 3065.72 3553 144.93 387.51 3
3270 74.858 26.037 | 3074.32 | 381.13 157.53 416.25 3
3300 77.858 26.085 | 3081.39 | 407.32 170.34 445.4 3
3330 80.857 26.131 | 3086.93 | 433.79 183.31 474.88 3
3360 83.857 26.177 | 3090.92 | 460.48 196.42 504.61 3
3390 86.856 26.222 | 3093.35 487.3 209.62 534.51 3
3420 89.856 26.266 | 3094.21 514.2 222.88 564.49 3
3421.97 | 90.053 26.269 | 3094.21 | 515.96 223.75 566.46 3
3450 90.053 26.269 | 3094.18 541.1 236.15 594.49 0
3480 90.053 26.269 | 3094.16 568 249.43 624.49 0
3510 90.053 26.269 | 3094.13 594.9 262.71 654.48 0
3540 90.053 26.269 3094.1 621.8 275.99 684.48 0
3570 90.053 26.269 | 3094.07 | 648.71 289.26 714.48 0
3600 90.053 26.269 | 3094.05 | 675.61 302.54 744.48 0
3630 90.053 26.269 | 3094.02 | 702.51 315.82 774.48 0
3660 90.053 26.269 | 3093.99 | 729.41 329.1 804.48 0
3690 90.053 26.269 | 3093.96 | 756.31 342.37 834.47 0
3720 90.053 26.269 | 3093.93 | 783.22 355.65 864.47 0
3750 90.053 26.269 | 3093.91 | 810.12 368.93 894.47 0
3780 90.053 26.269 | 3093.88 | 837.02 382.21 924.47 0
3810 90.053 26.269 | 3093.85 | 863.92 395.49 954.47 0
3840 90.053 26.269 | 3093.82 | 890.82 408.76 984.47 0
3870 90.053 26.269 | 3093.79 | 917.72 422.04 | 1014.46 0
3900 90.053 26.269 | 3093.77 | 944.63 435.32 | 1044.46 0
3930 90.053 26.269 | 3093.74 | 971.53 448.6 1074.46 0
3960 90.053 26.269 | 3093.71 | 998.43 461.87 | 1104.46 0
3990 90.053 26.269 | 3093.68 | 1025.33 | 475.15 | 1134.46 0
4020 90.053 26.269 | 3093.66 | 1052.23 | 488.43 | 1164.46 0
4050 90.053 26.269 | 3093.63 | 1079.13 | 501.71 1194.46 0
4080 90.053 26.269 3093.6 | 1106.04 | 514.98 | 1224.45 0
4110 90.053 26.269 | 3093.57 | 1132.94 | 528.26 | 1254.45 0
4140 90.053 26.269 | 3093.54 | 1159.84 | 541.54 | 1284.45 0
4170 90.053 26.269 | 3093.52 | 1186.74 | 554.82 | 1314.45 0
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4200 90.053 26.269 | 3093.49 | 1213.64 568.1 1344.45 0
4230 90.053 26.269 | 3093.46 | 1240.54 | 581.37 | 1374.45 0
4260 90.053 26.269 | 3093.43 | 1267.45 | 594.65 | 1404.44 0
4290 90.053 26.269 | 3093.41 | 1294.35 | 607.93 1434.44 0
4320 90.053 26.269 | 3093.38 | 1321.25 | 621.21 1464.44 0
4350 90.053 26.269 | 3093.35 | 1348.15 | 634.48 | 1494.44 0
4380 90.053 26.269 | 3093.32 | 1375.05 | 647.76 | 1524.44 0
4410 90.053 26.269 | 3093.29 | 1401.95 | 661.04 | 1554.44 0
4440 90.053 26.269 | 3093.27 | 1428.86 | 674.32 | 1584.43 0
4470 90.053 26.269 | 3093.24 | 1455.76 | 687.59 | 1614.43 0
4500 90.053 26.269 | 3093.21 | 1482.66 | 700.87 | 1644.43 0
4530 90.053 26.269 | 3093.18 | 1509.56 | 714.15 | 1674.43 0
4560 90.053 26.269 | 3093.16 | 1536.46 | 727.43 | 1704.43 0
4590 90.053 26.269 | 3093.13 | 1563.36 | 740.71 1734.43 0
4620 90.053 26.269 3093.1 1590.27 | 753.98 | 1764.43 0
4650 90.053 26.269 | 3093.07 | 1617.17 | 767.26 | 1794.42 0
4680 90.053 26.269 | 3093.04 | 1644.07 | 780.54 | 1824.42 0
4710 90.053 26.269 | 3093.02 | 1670.97 | 793.82 | 1854.42 0
4740 90.053 26.269 | 3092.99 | 1697.87 | 807.09 | 1884.42 0
4770 90.053 26.269 | 3092.96 | 1724.78 | 820.37 | 1914.42 0
4800 90.053 26.269 | 3092.93 | 1751.68 | 833.65 | 1944.42 0
4830 90.053 26.269 | 309291 | 1778.58 | 846.93 | 1974.41 0
4860 90.053 26.269 | 3092.88 | 1805.48 860.2 2004.41 0
4889.86 | 90.053 26.269 | 3092.85 | 1832.26 | 873.42 | 2034.27 0
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VIL.17. Trajectory of Well #4b (#17)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
0 0 0 0 7.1 4.8 0 0
1700 0 0 1700 7.1 4.8 0 0
1710 1 24.052 1710 7.18 4.84 0.09 3
1740 4 24.052 | 1739.97 8.37 5.37 1.4 3
1770 7 24.052 | 1769.83 11 6.54 4.27 3
1800 10 24.052 | 1799.49 15.05 8.35 8.7 3
1830 13 24.052 | 1828.89 20.51 10.79 14.68 3
1860 16 24.052 | 1857.93 27.37 13.85 22.19 3
1890 19 24.052 | 1886.54 35.61 17.52 31.2 3
1920 22 24.052 | 1914.63 45.2 21.8 41.71 3
1950 25 24.052 | 1942.14 56.12 26.68 53.66 3
1980 28 24.052 | 1968.99 68.34 32.13 67.04 3
2010 31 24.052 1995.1 81.83 38.15 81.81 3
2040 34 24.052 | 2020.39 96.55 44.72 97.92 3
2070 37 24.052 | 2044.81 | 112.46 51.82 115.33 3
2100 40 24.052 | 2068.29 | 129.51 59.43 134 3
2130 43 24.052 | 2090.76 | 147.66 67.53 153.87 3
2160 46 24.052 | 2112.15 | 166.86 76.1 174.89 3
2190 49 24.052 | 213242 | 187.05 85.12 196.99 3
2220 52 24.052 2151.5 208.19 94.55 220.13 3
2250 55 24.052 | 2169.34 | 230.21 104.38 244.24 3
2280 58 24.052 2185.9 253.05 114.57 269.24 3
2310 61 24.052 | 2201.12 | 276.65 125.11 295.08 3
2340 64 24.052 | 2214.97 | 300.95 135.95 321.68 3
2351.98 | 65.198 24.052 | 2220.11 | 310.83 140.36 332.49 3
2370 65.198 24.052 | 2227.67 | 325.77 147.03 348.85 0
2400 65.198 24.052 | 2240.25 | 350.64 158.13 376.07 0
2430 65.198 24.052 | 2252.84 | 375.51 169.23 403.29 0
2460 65.198 24.052 | 2265.42 | 400.38 180.32 | 430.52 0
2490 65.198 24.052 | 2278.01 | 425.24 191.42 | 457.74 0
2520 65.198 24.052 | 2290.59 | 450.11 202.52 | 484.96 0
2550 65.198 24.052 | 2303.18 | 474.98 213.62 512.19 0
2580 65.198 24.052 | 2315.76 | 499.85 224.72 539.41 0
2610 65.198 24.052 | 232835 | 524.72 235.82 566.63 0
2640 65.198 24.052 | 234093 | 549.59 246.92 593.86 0
2670 65.198 24.052 | 2353.51 | 574.45 258.02 621.08 0
2700 65.198 24.052 2366.1 599.32 269.12 648.3 0
2730 65.198 24.052 | 2378.68 | 624.19 280.22 675.53 0
2760 65.198 24.052 | 2391.27 | 649.06 291.32 702.75 0
2790 65.198 24.052 | 2403.85 | 673.93 302.42 729.97 0
2820 65.198 24.052 | 2416.44 698.8 313.51 757.2 0
2850 65.198 24.052 | 2429.02 | 723.67 324.61 784.42 0
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2880 65.198 24.052 | 2441.61 | 748.53 335.71 811.64 0
2910 65.198 24.052 | 2454.19 773.4 346.81 838.87 0
2940 65.198 24.052 | 2466.78 | 798.27 357.91 866.09 0
2970 65.198 24.052 | 2479.36 | 823.14 369.01 893.31 0
3000 65.198 24.052 | 2491.94 | 848.01 380.11 920.54 0
3030 65.198 24.052 | 2504.53 | 872.88 391.21 947.76 0
3060 65.198 24.052 | 2517.11 897.74 402.31 974.98 0
3090 65.198 24.052 2529.7 922.61 413.41 1002.21 0
3120 65.198 24.052 | 2542.28 | 947.48 424.51 1029.43 0
3150 65.198 24.052 | 2554.87 | 972.35 435.61 1056.65 0
3180 65.198 24.052 | 2567.45 | 997.22 446.7 1083.88 0
3210 65.198 24.052 | 2580.04 | 1022.09 457.8 1111.1 0
3240 65.198 24.052 | 2592.62 | 1046.95 468.9 1138.32 0
3270 65.198 24.052 | 2605.21 | 1071.82 480 1165.55 0
3300 65.198 24.052 | 2617.79 | 1096.69 491.1 1192.77 0
3330 65.198 24.052 | 2630.37 | 1121.56 502.2 1219.99 0
3360 65.198 24.052 | 2642.96 | 1146.43 5133 1247.22 0
3390 65.198 24.052 | 2655.54 | 1171.3 524.4 1274.44 0
3420 65.198 24.052 | 2668.13 | 1196.16 535.5 1301.66 0
3450 65.198 24.052 | 2680.71 | 1221.03 546.6 1328.89 0
3480 65.198 24.052 2693.3 1245.9 557.7 1356.11 0
3510 65.198 24.052 | 2705.88 | 1270.77 | 568.79 | 1383.33 0
3540 65.198 24.052 | 2718.47 | 1295.64 | 579.89 | 1410.56 0
3570 65.198 24.052 | 2731.05 | 1320.51 | 590.99 | 1437.78 0
3600 65.198 24.052 | 2743.64 | 1345.38 | 602.09 1465 0
3630 65.198 24.052 | 2756.22 | 1370.24 | 613.19 | 1492.23 0
3660 65.198 24.052 | 2768.81 | 1395.11 | 624.29 | 1519.45 0
3690 65.198 24.052 | 2781.39 | 1419.98 | 635.39 | 1546.67 0
3720 65.198 24.052 | 2793.97 | 1444.85 | 646.49 1573.9 0
3750 65.198 24.052 | 2806.56 | 1469.72 | 657.59 | 1601.12 0
3780 65.198 24.052 | 2819.14 | 1494.59 | 668.69 | 1628.34 0
3810 65.198 24.052 | 2831.73 | 1519.45 | 679.79 | 1655.57 0
3840 65.198 24.052 | 2844.31 | 1544.32 | 690.89 | 1682.79 0
3870 65.198 24.052 2856.9 | 1569.19 | 701.98 | 1710.01 0
3900 65.198 24.052 | 2869.48 | 1594.06 | 713.08 | 1737.24 0
3930 65.198 24.052 | 2882.07 | 1618.93 | 724.18 | 1764.46 0
3960 65.198 24.052 | 2894.65 1643.8 735.28 | 1791.68 0
3990 65.198 24.052 | 2907.24 | 1668.66 | 746.38 1818.9 0
4020 65.198 24.052 | 2919.82 | 1693.53 | 757.48 | 1846.13 0
4050 65.198 24.052 2932.4 1718.4 768.58 | 1873.35 0
4080 65.198 24.052 | 2944.99 | 1743.27 | 779.68 | 1900.57 0
4110 65.198 24.052 | 2957.57 | 1768.14 | 790.78 1927.8 0
4140 65.198 24.052 | 2970.16 | 1793.01 | 801.88 | 1955.02 0
4170 65.198 24.052 | 2982.74 | 1817.88 | 812.98 | 1982.24 0
4200 65.198 24.052 | 2995.33 | 1842.74 | 824.07 | 2009.47 0
4230 65.198 24.052 | 3007.91 | 1867.61 | 835.17 | 2036.69 0

157




Appendix VIL

4260 65.198 24.052 3020.5 189248 | 846.27 | 2063.91 0
4264.91 65.198 24.052 | 3022.55 | 1896.55 | 848.09 | 2068.37 0
4290 67.682 23.666 | 3032.58 | 1917.58 | 857.39 | 2091.36 3
4320 70.654 23.223 | 3043.25 1943.3 868.54 | 2119.39 3
4350 73.626 22.795 | 3052.45 | 1969.58 879.7 2147.94 3
4380 76.599 22381 | 3060.16 | 1996.35 | 890.84 | 2176.93 3
4410 79.573 21.976 | 3066.35 | 2023.53 | 901.92 | 2206.28 3
4440 82.547 21.579 | 3071.01 | 2051.05 | 912.91 | 223591 3
4470 85.522 21.188 | 3074.13 | 2078.83 | 923.79 | 2265.74 3
4500 88.497 20.8 3075.7 | 2106.79 | 934.52 | 2295.68 3
4505.3 89.022 20.731 | 3075.81 | 2111.75 936.4 2300.98 3
4530 89.022 20.731 | 3076.23 | 2134.85 | 945.14 | 2325.67 0
4560 89.022 20.731 | 3076.74 | 2162.9 955.76 | 2355.65 0
4590 89.022 20.731 | 3077.26 | 2190.95 | 966.38 | 2385.63 0
4620 89.022 20.731 | 3077.77 | 2219.01 | 976.99 | 2415.61 0
4650 89.022 20.731 | 3078.28 | 2247.06 | 987.61 | 2445.59 0
4680 89.022 20.731 | 3078.79 | 2275.11 | 998.23 | 2475.57 0
4710 89.022 20.731 3079.3 | 2303.17 | 1008.85 | 2505.55 0
4740 89.022 20.731 | 3079.81 | 2331.22 | 1019.47 | 2535.53 0
4770 89.022 20.731 | 3080.33 | 2359.27 | 1030.08 | 2565.51 0
4800 89.022 20.731 | 3080.84 | 2387.33 1040.7 | 2595.49 0
4830 89.022 20.731 | 3081.35 | 2415.38 | 1051.32 | 2625.47 0
4860 89.022 20.731 | 3081.86 | 2443.43 | 1061.94 | 2655.45 0
4890 89.022 20.731 | 3082.37 | 2471.49 | 1072.56 | 2685.43 0
4920 89.022 20.731 | 3082.89 | 2499.54 | 1083.17 | 2715.42 0
4950 89.022 20.731 3083.4 | 2527.59 | 1093.79 | 2745.4 0
4980 89.022 20.731 | 3083.91 | 2555.65 | 1104.41 | 2775.38 0
5010 89.022 20.731 | 3084.42 | 2583.7 | 1115.03 | 2805.36 0
5040 89.022 20.731 | 3084.93 | 2611.75 | 1125.65 | 2835.34 0
5070 89.022 20.731 | 3085.44 | 2639.81 | 1136.26 | 2865.32 0
5100 89.022 20.731 | 3085.96 | 2667.86 | 1146.88 | 2895.3 0
5130 89.022 20.731 | 3086.47 | 2695.91 1157.5 | 2925.28 0
5160 89.022 20.731 | 3086.98 | 2723.97 | 1168.12 | 2955.26 0
5190 89.022 20.731 | 3087.49 | 2752.02 | 1178.74 | 2985.24 0
5220 89.022 20.731 3088 2780.08 | 1189.35 | 3015.22 0
5250 89.022 20.731 | 3088.52 | 2808.13 | 1199.97 | 3045.2 0
5280 89.022 20.731 | 3089.03 | 2836.18 | 1210.59 | 3075.19 0
5310 89.022 20.731 | 3089.54 | 2864.24 | 1221.21 | 3105.17 0
5340 89.022 20.731 | 3090.05 | 2892.29 | 1231.83 | 3135.15 0
5370 89.022 20.731 | 3090.56 | 2920.34 | 1242.44 | 3165.13 0
5400 89.022 20.731 | 3091.07 | 2948.4 | 1253.06 | 3195.11 0
5430 89.022 20.731 | 3091.59 | 2976.45 | 1263.68 | 3225.09 0
5460 89.022 20.731 3092.1 3004.5 12743 | 3255.07 0
5490 89.022 20.731 | 3092.61 | 3032.56 | 1284.92 | 3285.05 0
5520 89.022 20.731 | 3093.12 | 3060.61 | 1295.53 | 3315.03 0
5550 89.022 20.731 | 3093.63 | 3088.66 | 1306.15 | 3345.01 0
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5580 89.022 20.731 | 3094.15 | 3116.72 | 1316.77 | 3374.99 0
5610 89.022 20.731 | 3094.66 | 3144.77 | 1327.39 | 3404.97 0
5640 89.022 20.731 | 3095.17 | 3172.82 | 1338.01 | 3434.95 0
5670 89.022 20.731 | 3095.68 | 3200.88 | 1348.62 | 3464.94 0
5700 89.022 20.731 | 3096.19 | 3228.93 | 1359.24 | 3494.92 0
5730 89.022 20.731 | 3096.71 | 3256.98 | 1369.86 | 3524.9 0
5760 89.022 20.731 | 3097.22 | 3285.04 | 1380.48 | 3554.88 0
5790 89.022 20.731 | 3097.73 | 3313.09 | 1391.1 | 3584.86 0
5820 89.022 20.731 | 3098.24 | 3341.14 | 1401.71 | 3614.84 0
5850 89.022 20.731 | 3098.75 | 3369.2 | 1412.33 | 3644.82 0
5880 89.022 20.731 | 3099.26 | 3397.25 | 1422.95 | 3674.8 0
5910 89.022 20.731 | 3099.78 | 3425.3 | 1433.57 | 3704.78 0
5940 89.022 20.731 | 3100.29 | 3453.36 | 1444.19 | 3734.76 0
5970 89.022 20.731 3100.8 | 3481.41 1454.8 | 3764.74 0
6000 89.022 20.731 | 3101.31 | 3509.47 | 1465.42 | 3794.72 0
6030 89.022 20.731 | 3101.82 | 3537.52 | 1476.04 | 3824.7 0
6060 89.022 20.731 | 3102.34 | 3565.57 | 1486.66 | 3854.69 0
6090 89.022 20.731 | 3102.85 | 3593.63 | 1497.28 | 3884.67 0
6120 89.022 20.731 | 3103.36 | 3621.68 | 1507.89 | 3914.65 0
6150 89.022 20.731 | 3103.87 | 3649.73 | 1518.51 | 3944.63 0
6180 89.022 20.731 | 3104.38 | 3677.79 | 1529.13 | 3974.61 0
6210 89.022 20.731 | 3104.89 | 3705.84 | 1539.75 | 4004.59 0
6219.7 89.022 20.731 | 3105.06 | 3714.91 | 1543.18 | 4014.28 0
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VIIL.18. Trajectory of Well #4¢ (#18)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
0 0 0 0 1 8.3 0 0
1700 0 0 1700 1 8.3 0 0
1707.29 0.729 120.025 | 1707.29 0.98 8.34 0.04 3
1710 0.729 120.025 1710 0.96 8.37 0.08 0
1740 0.729 120.025 1740 0.77 8.7 0.44 0
1770 0.729 120.025 | 1769.99 0.58 9.03 0.81 0
1800 0.729 120.025 | 1799.99 0.39 9.36 1.17 0
1830 0.729 120.025 | 1829.99 0.2 9.69 1.54 0
1860 0.729 120.025 | 1859.99 0 10.02 1.91 0
1890 0.729 120.025 | 1889.99 -0.19 10.35 2.27 0
1920 0.729 120.025 | 1919.98 -0.38 10.68 2.64 0
1950 0.729 120.025 | 1949.98 -0.57 11.01 3 0
1980 0.729 120.025 | 1979.98 -0.76 11.34 3.37 0
2010 0.729 120.025 | 2009.98 -0.95 11.67 3.73 0
2040 0.729 120.025 | 2039.97 -1.14 12 4.1 0
2070 0.729 120.025 | 2069.97 -1.33 12.33 4.47 0
2100 0.729 120.025 | 2099.97 -1.52 12.66 4.83 0
2130 0.729 120.025 | 2129.97 -1.71 13 5.2 0
2160 0.729 120.025 | 2159.96 -1.9 13.33 5.56 0
2190 0.729 120.025 | 2189.96 2.1 13.66 5.93 0
2220 0.729 120.025 | 2219.96 -2.29 13.99 6.29 0
2250 0.729 120.025 | 2249.96 -2.48 14.32 6.66 0
2280 0.729 120.025 | 2279.95 -2.67 14.65 7.02 0
2310 0.729 120.025 | 2309.95 -2.86 14.98 7.39 0
2340 0.729 120.025 | 2339.95 -3.05 15.31 7.76 0
2370 0.729 120.025 | 2369.95 -3.24 15.64 8.12 0
2400 0.729 120.025 | 2399.94 -3.43 15.97 8.49 0
2430 0.729 120.025 | 2429.94 -3.62 16.3 8.85 0
2460 0.729 120.025 | 2459.94 -3.81 16.63 9.22 0
2490 0.729 120.025 | 2489.94 -4 16.96 9.58 0
2520 0.729 120.025 | 2519.93 -4.2 17.29 9.95 0
2550 0.729 120.025 | 2549.93 -4.39 17.62 10.32 0
2580 0.729 120.025 | 2579.93 -4.58 17.95 10.68 0
2610 0.729 120.025 | 2609.93 -4.77 18.28 11.05 0
2640 0.729 120.025 | 2639.92 -4.96 18.61 11.41 0
2670 0.729 120.025 | 2669.92 -5.15 18.94 11.78 0
2700 0.729 120.025 | 2699.92 -5.34 19.27 12.14 0
2730 0.729 120.025 | 2729.92 -5.53 19.6 12.51 0
2760 0.729 120.025 | 2759.91 -5.72 19.93 12.87 0
2790 0.729 120.025 | 2789.91 -5.91 20.26 13.24 0
2820 0.729 120.025 | 2819.91 -6.11 20.59 13.61 0
2850 0.729 120.025 | 2849.91 -6.3 20.92 13.97 0
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2880 0.729 120.025 | 2879.9 -6.49 21.25 14.34 0
2910 0.729 120.025 | 2909.9 -6.68 21.58 14.7 0
2924.04 0.729 120.025 | 2923.94 -6.77 21.74 14.87 0
2940 2.288 104.852 | 2939.9 -6.9 22.14 15.29 3
2970 5.279 100.954 | 2969.83 -7.32 24.07 17.27 3
3000 8.276 99.873 | 2999.61 -7.95 27.55 20.8 3
3030 11.275 99.365 | 3029.17 -8.8 32.57 25.88 3
3060 14.274 99.068 | 3058.43 -9.86 39.12 32.5 3
3090 17.274 98.873 3087.3 -11.13 47.18 40.63 3
3103.05 18.579 98.807 | 3099.71 -11.74 51.15 44.63 3
3120 18.579 98.807 | 3115.78 | -12.57 56.48 50.02 0
3150 18.579 98.807 | 3144.22 | -14.03 65.93 59.54 0
3180 18.579 98.807 | 3172.65 -15.5 75.37 69.07 0
3199.63 18.579 98.807 | 3191.26 | -16.45 81.55 75.31 0
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VIL.19. Trajectory of Well #4d (#19)

Depth |Inclination| Azimuth TVD North East VS DLS
(m) (@) ©) (m) (m) (m) (m) | (°/30m)
0 0 0 0 -7.1 -4.8 0 0
1700 0 0 1700 -7.1 -4.8 0 0
1710 1 110.008 1710 -7.13 -4.72 0.05 3
1740 4 110.008 | 1739.97 -7.58 -3.49 0.85 3
1770 7 110.008 | 1769.83 -8.56 -0.79 2.61 3
1800 10 110.008 | 1799.49 | -10.08 3.38 5.31 3
1830 13 110.008 | 1828.89 | -12.12 9 8.96 3
1860 16 110.008 | 1857.93 | -14.69 16.06 13.55 3
1890 19 110.008 | 1886.54 | -17.78 24.53 19.06 3
1920 22 110.008 | 1914.63 | -21.37 34.4 25.47 3
1950 25 110.008 | 1942.14 | -25.47 45.64 32.77 3
1980 28 110.008 | 1968.99 | -30.05 58.22 40.94 3
2010 31 110.008 | 1995.1 -35.1 72.1 49.96 3
2040 34 110.008 | 2020.39 | -40.62 87.24 59.8 3
2070 37 110.008 | 2044.81 | -46.58 103.61 70.43 3
2100 40 110.008 | 2068.29 | -52.96 121.16 81.83 3
2130 43 110.008 | 2090.76 | -59.76 139.83 93.97 3
2160 46 110.008 | 2112.15 | -66.96 159.59 106.8 3
2190 49 110.008 | 2132.42 | -74.53 180.37 120.3 3
2195.72 | 49.572 | 110.008 | 2136.15 | -76.01 184.44 122.95 3
2220 49.572 | 110.008 | 2151.89 | -82.33 201.81 134.23 0
2250 49.572 | 110.008 | 2171.35 | -90.15 223.27 148.18 0
2280 49.572 | 110.008 | 2190.8 -97.96 244.73 162.12 0
2310 49.572 | 110.008 | 2210.26 | -105.77 | 266.19 176.06 0
2340 49.572 | 110.008 | 2229.71 | -113.59 | 287.64 190 0
2370 49.572 | 110.008 | 2249.17 | -121.4 309.1 203.94 0
2400 49.572 | 110.008 | 2268.62 | -129.21 | 330.56 217.88 0
2430 49.572 | 110.008 | 2288.08 | -137.03 | 352.02 231.82 0
2460 49.572 | 110.008 | 2307.53 | -144.84 | 373.48 245.77 0
2490 49.572 | 110.008 | 2326.99 | -152.65 | 394.94 259.71 0
2520 49.572 | 110.008 | 2346.44 | -160.47 | 416.39 273.65 0
2550 49.572 | 110.008 | 2365.9 | -168.28 | 437.85 287.59 0
2580 49.572 | 110.008 | 2385.35 | -176.1 459.31 301.53 0
2610 49.572 | 110.008 | 2404.81 | -183.91 | 480.77 315.47 0
2640 49.572 | 110.008 | 2424.26 | -191.72 | 502.23 329.41 0
2670 49.572 | 110.008 | 2443.71 | -199.54 | 523.69 343.36 0
2700 49.572 | 110.008 | 2463.17 | -207.35 | 545.14 3573 0
2730 49.572 | 110.008 | 2482.62 | -215.16 566.6 371.24 0
2760 49.572 | 110.008 | 2502.08 | -222.98 | 588.06 385.18 0
2790 49.572 | 110.008 | 2521.53 | -230.79 | 609.52 399.12 0
2820 49.572 | 110.008 | 2540.99 | -238.6 630.98 413.06 0
2850 49.572 | 110.008 | 2560.44 | -246.42 | 652.44 427 0
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2880 49.572 110.008 | 2579.9 | -254.23 673.89 440.95 0
2910 49.572 110.008 | 2599.35 | -262.04 | 695.35 454.89 0
2940 49.572 110.008 | 2618.81 | -269.86 | 716.81 468.83 0
2970 49.572 110.008 | 2638.26 | -277.67 | 738.27 482.77 0
3000 49.572 110.008 | 2657.72 | -285.49 | 759.73 496.71 0
3030 49.572 110.008 | 2677.17 | -293.3 781.19 510.65 0
3060 49.572 110.008 | 2696.63 | -301.11 802.64 524.59 0
3090 49.572 110.008 | 2716.08 | -308.93 824.1 538.54 0
3120 49.572 110.008 | 2735.54 | -316.74 | 845.56 552.48 0
3150 49.572 110.008 | 2754.99 | -324.55 | 867.02 566.42 0
3180 49.572 110.008 | 2774.45 | -332.37 | 888.48 580.36 0
3194.41 49.572 110.008 | 2783.79 | -336.12 | 898.78 587.06 0
3210 49.787 107.983 | 2793.88 | -339.99 | 910.02 594.48 3
3240 50.299 104.126 | 2813.15 | -346.34 | 932.12 609.74 3
3270 50.937 100.333 | 2832.19 | -351.25 | 954.77 626.24 3
3300 51.695 96.614 | 2850.94 | -354.7 977.93 643.96 3
3330 52.568 92.978 | 2869.36 | -356.67 | 1001.52 | 662.83 3
3360 53.55 89.431 | 2887.39 | -357.17 | 1025.48 682.8 3
3390 54.634 85.977 | 2904.99 | -356.19 | 1049.76 | 703.83 3
3420 55.814 82.619 | 2922.11 | -353.74 | 1074.27 | 725.84 3
3450 57.082 79.356 | 2938.69 | -349.82 | 1098.96 | 748.79 3
3480 58.433 76.189 2954.7 | -344.44 | 1123.75 | 772.61 3
3510 59.859 73.115 | 2970.09 | -337.62 | 1148.58 | 797.24 3
3540 61.356 70.13 2984.81 | -329.38 | 1173.38 | 822.59 3
3570 62.915 67.231 | 2998.83 | -319.73 | 1198.08 | 848.62 3
3600 64.533 64.413 | 3012.12 | -308.71 | 1222.61 | 875.24 3
3630 66.203 61.671 | 3024.62 | -296.35 | 124691 | 902.39 3
3660 67.92 58.999 | 3036.32 | -282.67 | 127091 | 929.98 3
3690 69.679 56.393 | 3047.17 | -267.72 | 1294.55 | 957.95 3
3720 71.476 53.846 | 3057.14 | -251.54 | 1317.75 | 986.21 3
3750 73.307 51.352 | 3066.22 | -234.17 | 1340.46 | 1014.69 3
3780 75.166 48.906 | 3074.37 | -215.67 | 1362.62 | 1043.31 3
3810 77.052 46.502 | 3081.57 | -196.07 | 1384.15 | 1071.99 3
3840 78.959 44.134 | 3087.81 | -175.43 | 1405.01 | 1100.66 3
3870 80.884 41.797 | 3093.06 | -153.82 | 1425.14 | 1129.23 3
3900 82.823 39.485 | 3097.31 | -131.29 | 1444.48 | 1157.62 3
3930 84.775 37.192 | 3100.55 | -107.9 1462.98 | 1185.77 3
3960 86.734 34914 | 3102.77 | -83.71 1480.58 | 1213.59 3
3990 88.699 32.645 | 3103.97 -58.8 1497.25 1241 3
3998.51 89.257 32.002 | 3104.12 | -51.61 1501.8 1248.7 3
4020 89.257 32.002 3104.4 -33.39 1513.18 | 1268.06 0
4050 89.257 32.002 | 3104.79 -7.95 1529.08 | 1295.11 0
4080 89.257 32.002 | 3105.18 17.49 1544.98 | 1322.16 0
4110 89.257 32.002 | 3105.57 42.93 1560.88 | 1349.2 0
4140 89.257 32.002 | 3105.95 68.37 1576.77 | 1376.25 0
4170 89.257 32.002 | 3106.34 93.81 1592.67 | 1403.29 0
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4200 89.257 32.002 | 3106.73 119.25 | 1608.57 | 1430.34 0
4230 89.257 32.002 | 3107.12 | 144.68 | 1624.46 | 1457.39 0
4260 89.257 32.002 | 3107.51 170.12 | 1640.36 | 1484.43 0
4290 89.257 32.002 3107.9 195.56 | 1656.26 | 1511.48 0
4320 89.257 32.002 | 3108.29 221 1672.16 | 1538.52 0
4350 89.257 32.002 | 3108.68 | 246.44 | 1688.05 | 1565.57 0
4380 89.257 32.002 | 3109.07 | 271.88 | 1703.95 | 1592.61 0
4410 89.257 32.002 | 3109.46 | 297.32 | 1719.85 | 1619.66 0
4440 89.257 32.002 | 3109.85 | 322.76 | 1735.74 | 1646.71 0
4470 89.257 32.002 | 3110.23 | 348.19 | 1751.64 | 1673.75 0
4500 89.257 32.002 | 3110.62 | 373.63 | 1767.54 | 1700.8 0
4530 89.257 32.002 | 3111.01 | 399.07 | 1783.44 | 1727.84 0
4560 89.257 32.002 3111.4 424.51 1799.33 | 1754.89 0
4590 89.257 32.002 | 3111.79 | 449.95 | 1815.23 | 1781.94 0
4620 89.257 32.002 | 3112.18 | 475.39 | 1831.13 | 1808.98 0
4650 89.257 32.002 | 3112.57 | 500.83 | 1847.03 | 1836.03 0
4680 89.257 32.002 | 311296 | 526.26 | 1862.92 | 1863.07 0
4710 89.257 32.002 | 3113.35 551.7 1878.82 | 1890.12 0
4740 89.257 32.002 | 3113.74 | 577.14 | 1894.72 | 1917.16 0
4770 89.257 32.002 | 3114.12 | 602.58 | 1910.61 | 1944.21 0
4800 89.257 32.002 | 3114.51 | 628.02 | 1926.51 | 1971.26 0
4830 89.257 32.002 3114.9 653.46 | 1942.41 1998.3 0
4860 89.257 32.002 | 3115.29 678.9 1958.31 | 2025.35 0
4890 89.257 32.002 | 3115.68 | 704.34 1974.2 | 2052.39 0
4920 89.257 32.002 | 3116.07 | 729.77 1990.1 | 2079.44 0
4950 89.257 32.002 | 3116.46 | 755.21 2006 2106.49 0
4980 89.257 32.002 | 3116.85 | 780.65 | 2021.89 | 2133.53 0
5010 89.257 32.002 | 3117.24 | 806.09 | 2037.79 | 2160.58 0
5040 89.257 32.002 | 3117.63 | 831.53 | 2053.69 | 2187.62 0
5070 89.257 32.002 | 3118.02 | 856.97 | 2069.59 | 2214.67 0
5100 89.257 32.002 3118.4 882.41 | 2085.48 | 2241.71 0
5130 89.257 32.002 | 3118.79 | 907.85 | 2101.38 | 2268.76 0
5160 89.257 32.002 | 3119.18 | 933.28 | 2117.28 | 2295.81 0
5190 89.257 32.002 | 3119.57 | 958.72 | 2133.18 | 2322.85 0
5220 89.257 32.002 | 3119.96 | 984.16 | 2149.07 | 2349.9 0
5250 89.257 32.002 | 3120.35 1009.6 | 2164.97 | 2376.94 0
5280 89.257 32.002 | 3120.74 | 1035.04 | 2180.87 | 2403.99 0
5310 89.257 32.002 | 3121.13 | 1060.48 | 2196.76 | 2431.04 0
5340 89.257 32.002 | 3121.52 | 1085.92 | 2212.66 | 2458.08 0
5370 89.257 32.002 | 3121.91 | 1111.35 | 2228.56 | 2485.13 0
5400 89.257 32.002 3122.3 | 1136.79 | 2244.46 | 2512.17 0
5430 89.257 32.002 | 3122.68 | 1162.23 | 2260.35 | 2539.22 0
5460 89.257 32.002 | 3123.07 | 1187.67 | 2276.25 | 2566.27 0
5490 89.257 32.002 | 312346 | 1213.11 | 2292.15 | 2593.31 0
5520 89.257 32.002 | 3123.85 | 1238.55 | 2308.04 | 2620.36 0
5550 89.257 32.002 | 3124.24 | 1263.99 | 2323.94 | 2647.4 0
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5580 89.257 32.002 | 3124.63 | 1289.43 | 2339.84 | 2674.45 0
5610 89.257 32.002 | 3125.02 | 1314.86 | 2355.74 | 2701.49 0
5640 89.257 32.002 | 3125.41 1340.3 | 2371.63 | 2728.54 0
5670 89.257 32.002 3125.8 | 1365.74 | 2387.53 | 2755.59 0
5700 89.257 32.002 | 3126.19 | 1391.18 | 2403.43 | 2782.63 0
5730 89.257 32.002 | 3126.57 | 1416.62 | 2419.32 | 2809.68 0
5760 89.257 32.002 | 3126.96 | 1442.06 | 2435.22 | 2836.72 0
5790 89.257 32.002 | 3127.35 | 1467.5 | 2451.12 | 2863.77 0
5820 89.257 32.002 | 3127.74 | 1492.94 | 2467.02 | 2890.82 0
5850 89.257 32.002 | 3128.13 | 1518.37 | 248291 | 2917.86 0
5880 89.257 32.002 | 3128.52 | 1543.81 | 2498.81 | 2944.91 0
5910 89.257 32.002 | 3128.91 | 1569.25 | 2514.71 | 2971.95 0
5940 89.257 32.002 3129.3 | 1594.69 | 2530.61 2999 0
5950.18 | 89.257 32.002 | 3129.43 | 1603.32 2536 3008.17 0
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VIL.20. Template Position

Template North East
#1 0 0
#2 1678 1198
#3 4702 2276
#4 4246 17222
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