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Abstract

Directional drilling and horizontal wells represent an efficient way to achieve special
targets that are difficult to be reached with vertical drilling wells. One of the most
important drawbacks of horizontal well drilling is its high cost, so it is very important to
try to minimize the cost of this type of wells. Cost is dependent on many parameters that
are function of drilled depth: casing, cement, tripping, logging, ... to mention just a few
of these parameters. Time could be used as an alternative parameter to optimize instead
of drilled length. However, time is more difficult to express in objective function because
it includes subjective factors such as human performance, idle time, non-drilling
operations. One of the factors that affect the cost of a directional or horizontal well is the
length drilled to reach the target. The drilling length is one of the most important
parameters affecting the drilling cost. Like time, it has a direct proportional to drilling

cost and not very difficult to be optimized.

So if it is possible to minimize the drilling length to get the target, then the economy of
the horizontal well will be improved. The objective of the present study is to develop a
model that gives the optimum design length of a hook-type horizontal well in 3-D space.
This study used the theory of nonlinear optimization to develop the 3D well design
computer program. This program gives the minimum drilling length to reach the target,
and determines the optimum directional parameters which are: kick-off point, true
vertical depths of build and drop sections, casing setting depths, build and drop rate of

each section, and turn rates of all sections.

The model has four main segments: a) an optimization segment, b) a well survey
calculation segment, c) a bit-walk and lead angle calculation segment, and d) a correction
run simulation segment. The Sequential Unconstrained Minimization Technique (SUMT)
is used to minimize the objective function that gives the total length of the drilling depth

and hence gives the optimum design parameters to the well trajectory.
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By its nature, the well design model is nonlinear and non-convex. Therefore, the final
solution (drilling length) may be a local minimum and is dependent on the search starting
point of the optimization routine. In contrast to our case studies, the final solution was
improved by selecting a search starting point reflecting minimum design parameters

within the design constraints.

The input data to the program are the surface and target coordinates, the target true-
vertical depth, the constraint limits, and the bit-walk constants. The output results include
the optimum values of the design parameters and the survey data of the optimum design,
with and without each of bit-walk calculations, lead angle calculations, and correction run

calculations.

The optimized design was compared with the conventional design for five wells (two
actual wells, a hook-type well and a horizontal well, drilled in the Gulf of Suez; and three
non-optimized wells). Results of the comparison have validated the computer model. In
this validation test, the computer model reduced the total drilling length of all five wells {
the saving in one of the unoptimized wells reached 800 &, 7.1% of the total length). It
worth noting that this reduction the cost of horizontal, 3-D hook-type wells is achieved

while all other operational parameters were kept constant.




v

Table of Contents
Page
Acknowledgements ... ..ot i
A DS TAC . oo e e e e e i
Table Of COMEntS . .. .. it ittt e et te e e ittt et et e iv
List Of TablES. .. ..o e e vii
LSt Of FIUIES. ... ettt e e viii
NOMENCIAIUT. .. ..o it iie et et et et e e e e ea e e et e ix
IETOAUCHION. .. ... oo oe et et et e e e et e et e e e e e et 1
Chapter 1: Literature Review ..o 6
1.1: Directional Drilling: Definition and Applications.......................... 6
1.2: Horizontal Drilling: Definition and Applications........................... 7
1.3: Need for Optimization in Drilling...................... 7
1.4: Application of Optimization Concept in Drilling............................ 8
Chapter 2: Problem Statement — Mathematical Model........................ 13
2.1: Statement of The Problem ..............ooooiiiiiiiin i, 13
2.2: Model Formulation .............oooemoiiiiiiiiiiiiie i 16
2.2.1: Step 1: System Variables..................oooo 17
2.2.2: Step 2: The Objective Function...............co.oviicn, 18
2.2.2.1: Three Dimensional (3D) Measured Depth Function ............... 18
2.2.2.2: The Objective Function...................oooiiiiiiinnn i, 21
2.2.3: System Constraints.............ooooveie it 23
2.3.3.1: Operational Constraints....................ocooiieiiii i, 23
2.3.3.2: Non-negativity Constraints..................ccoooiiiiiiiinnnn. 27



Chapter 3: Problem Solution — Computer Program.........................................
3.1: System Nonlinearly......................

3.2: Description of the Computer Program- WELLDES................ ...

3.2.1. The Optimization Segment- The SUMT Algorithm............ ...

3.2.2;. Well Surveys Calculation Segment- SERV Subroutine. .............

3.2.3: Bit Walk Simulation Segment........................................
3.2.3.1: Bit Walk Constants Program- WALK Program...............
3.2.3.2: Calculation of Lead Angle... ................................. ..

3.2.4; Correction Run Segment- CORRECT.................................
3.3: Conclusion of Chapter 3.......................ocooiiii

Chapter 4: Computer Program Application...............................................
4.1:Input and Qutput Files.............................ooci

4.2: Effect of the Search Starting Point onthe Design..........................

4.3: The Optimization Program Application.....................................
4.3.1: Running the Program ............................................. ...
4.3.1.1: Running the Bit-Walk Segment..................................
4.3.1.2: Running the Correction Run......................................
4.4: Program Application Case Studies...........................c........ ..
4.4.1:Case Study No. L.
4.42:Case Study NO. 2.0
4.43:Case Study NO. 3.
4.4.4: Case Study No. 4

4.4.5: Case Study No. 5

Chapter 5: Summary and Conclusions...........................oo...o
5.1: Summary of Results...................................

5.2: Conclusions

41
43
45

46
55

56
56
59
60
60
62
64
65
65
70
74
78
81

87
87




Appendix A: Dog-Leg Severity Using Radius of Curvature Method — Well Path

Objective Function ..o Al
Appendix B: Optimization Segment ..................coooiiiiiin B1
Appendix C: Well Surveys Segment..... ..o Cl
Appendix D: Correction Run Segment...............coooii i Dl
Appendix E: Program for Calculating Azimuth Constants.....................oo El

Appendix F: Input and Output Files.................oi Fl1



List of Tables
page
Table 4.1: Input File for Case Study No. 1. 57
Table 4.2: Calculation of Bit-Walk Constants.......................o, 68
Table 4.3: Comparison Between the Conventional and The Optimum
Designs, Case Study No. 1. 70
Table 4.4: Comparison Between the Conventional and the Optimum
Designs, Case Study NO. 2.........ooiiiiiin e 74
Table 4.5; Comparison Between the Conventional and the Optimum
Designs, Case Study NO. 3.........cooii 7
Table 4.6: Comparison Between the Conventional and the Optimum
Designs, Case Study No. 4. 81
Table 4.7: Comparison Between the Conventional and the Optimum
85

Designs, Case Study No.5..............o







