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Abstract

One of the most critical limitations during horizontal drilling is torque and drag
generated by the contacts between the drill string and the borehole or casing. Therefore,
torque and drag analysis and calculations are very important for well design to prevent
equipment and economical losses. One of the important parts of predicting torque and drag
Is determining the correct friction factor. Friction factor combines all unknown factors that

are un measurable in the wellbore in drilling condition.

In this project, Landmark-Wellplan software is used to model torque and drag for
horizontal well located in field B. The modelling process is broken down into the
following: first the correct friction factor is calculated for cased and open hole sections
from actual field data. Then weights, torques, and forces are calculated using the
calculated friction factor. For model matching purposes, actual weights are plotted and

matched along with the calculated weights.

The results show that over torque problem encountered during rotation on and off bottom
at the depth of 2900 ft and helical buckling problem during all operation modes at the
depth of 750-2400 ft.

Key Words: Torque, Drag, Friction Factor, Landmark.
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Chapter one

Introduction

1.1 Horizontal Drilling:

Horizontal drilling is a drilling process in which the well is turned horizontally at depth. It
is normally used to extract energy from a source that itself runs horizontally such as a
layer of shale rock. Horizontal drilling is a common was of extracting gas from the

Marcellus Shale Formation.

Since the horizontal section of a well is at great depth, it must include a vertical part as
well thus, a horizontal well resembles and exaggerated letter “J.” When examining the
differences between vertical wells and horizontal wells, it is easy to see that a horizontal
well is able to reach a much wider area of rock and the natural gas that is trapped within
the rock. Thus, a drilling company using the horizontal technique can reach more energy

with fewer wells.

Horizontal wells are typically kicked off from the vertical near the surface and built to an
angle of inclination that allows sufficient horizontal displacement from the surface to the

desired target.

1.2 Definition of Horizontal well:

Horizontal wells can be defined as extension of highly deviated wells drilled in order to
increase the length of the completion zone through the reservoir, with borehole
inclination approaching 90° from vertical.

In general, horizontal wells are drilled parallel to reservoir bedding plane. If the reservoir
bedding plane is vertical, then a conventional vertical well, in a true sense, will be a

horizontal well.



Application of horizontal well:

Production from a single well.

Reduction in water/gas coning.

Intersection of vertical fractures.

Enhanced oil recovery.

Reducing the number of wells and platforms required to develop an offshore field.

Most of the horizontal wells have significantly accelerated production, while some of
them have recovered reserves which otherwise would have been difficult to recover.
There is a misconception in some quarters within the industry that horizontal wells were
introduced during the mid to late 1980°s. In fact as the list below shows horizontal

drilling dates back to 1950’s (Rabia, Well Engineering and Construction).

1950’s Russians drilled 43 horizontal wells

1978’s Esso, modern horizontal, Alberta

1979’s Arco drilled to overcome high gas conning
1979-1983’s  ELF test 3 onshore horizontals, ELF and agip drilled first offshore
horizontal (Ropso Mane, Adriatic)

1986’s 50 horizontals worldwide

1987-1988’s Number of horizontals increased dramatically
1989’s 265 horizontals drilled worldwide

1990’s 1000 horizontals drilled

1991°s First Australian horizontal drilled

1992’s Over 2500 horizontals drilled worldwide

1993-2000°  Horizontal wells became routine wells

1.3 Types of Horizontal Wells:

There are three types of horizontal wells:
Short radius
Medium radius

Long radius



Short Radius:
The main feature of this type is the very high build up rate usually 60-150 degrees/100 ft
with a radius range of 40-100 ft. This type requires a specialized articulated motor to

affect the high build angles.

Advantages:
Enable sharp turns into this reservoir.
Both motor driven and drill pipe driven.

Laterals can be completed and tied back using special liners.

Disadvantages:
Limited extension possible record 1200 ft.
Poor directional control.

Special tools and equipments required.

Medium Radius:

The buildup rate for this type is usually 8-30 degrees/100 ft with a radius range of 200-
700 ft. The horizontal drain is usually between 1000 -3500 ft.

The typical well profile consists of build-tangent section and build-horizontal section.
Two different BHA’s will therefore be required for this type of well. An angle hold

assembly should be used to drill the horizontal section.

Long Radius:

This is the most common type of horizontal wells especially offshore. The buildup rate is
usually from 2-6 degrees/100 ft. The most common BHA used is steerable system. Two
common profiles are in use:

A single buildup section terminating in the horizontal section.

A build-tangent and then a higher build lateral section.

Fig.1.1 shows the horizontal well types.
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Fig.1.1: Horizontal Well Types (Rabia, Well Engineering and Construction)



1.4 The difference between Vertical, Horizontal and Multilateral Wells:

Fig. 1.2: The Difference between Vertical, Horizontal and Multilateral Drilling.
(Introduction to DD: Steinar Bakke and Jun Dauday 10/20/98).

In Fig. 1.2 above, the first picture represents a vertically drilled well, the second one

represents a horizontally drilled well and the third one represents multilateral drilled well.



1.5 Statement of the Problem:

Since excessive torque and drag, T&D, can be critical limitation in horizontal drilling,
T&D modelling is regarded as an invaluable process to assist in well planning to predict
and prevent drilling operation.

T&D analysis is critical when well planning especially in horizontal wells. One of the
important parts of predicting T&D is determining the correct friction factor. Friction factor
combines all unknown factors that are un-measurable in the wellbore in drilling condition.
Such as the uncertainty of the hole geometry (Dogleg Severity and Trajectory) , pipe
stiffness, cutting beds, mud lubricity, pipe weight errors, Mechanical Equipment, and other
interactions.

This project will analyze the drillability of horizontal well due to impact or effect of T&D.

1.6 Objective of the Study:

The general objective of this project is to facilitate understanding of T&D and determining
the factors affect T&D in addition to explain the T&D analysis process and take a review
on the previous work.

The specific objective of this study is to analyze the drill ability of horizontal well due to

impact of T&D. The well taken as a case study is a horizontal well located in field (B).



Chapter Two

Literature Review and Theoretical Background

2.1 Literature Review:

Little horizontal drilling occurred until the early 1980°s by which time improved down
hole drilling motors and the invention of other necessary supporting equipment,
materials, and technologies, particularly down hole telemetry equipment, had brought
some kinds of applications within the imaginable realm of commercial viability. Tests
indicating that commercial horizontal drilling success could be achieved in more than
isolated instances were carried out between 1980 and 1983 by the French firm EIf
Aquitaine in four horizontal wells drilled in three European fields. These included the
Rospo Mare offshore oil field located Italy in the Mediterranean Sea where the output was

very considerably enhanced.

Early horizontal production well drilling was subsequently undertaken by British
Petroleum in Alaska’s Prudhoe Bay Field, in a successful attempt to minimize
unwanted water and gas intrusions. Horizontal drilling has since been undertaken with

increasing frequency by many more operators.

In 1990, worldwide, more than 1000 horizontal wells were drilled. Market penetration of
the new technology has had a noticeable impact on the drilling market and on the

production of crude oil in certain regions.

As the horizontal drilling getting popular, Excessive T&D have been a critical limitation to
the success of horizontal well which lead to therefore, modelling or prediction of T&D.
T&D modeling has been originally started with Johancsik et al. (1984) and later put in a
standard differential form by Sheppard et al. (1987). Because of the simplicity and being

user friendly, it has been extensively used in the field and industry applications.

2.1.1 Soft String Model:

Most common T&D software programs available are variations of the soft string model
developed by Johancsik et al. A soft string model assumes that the entire drill string lies

against the wellbore, Fig.2.1, and the stiffness of the drill string is not accounted for. The
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drill string is modeled as a cable that is divided up into small elements, Fig.2.1 below that
only carry axial loads and torque; contact forces are supported by the wellbore. The forces
on the elements consist of tension, compression, and torsion that cumulatively build from
the bottom of the string to the surface. In other words, T&D are calculated by assuming
the segments of the T&D generated from bottom of the string to the surface.Johancsik
assumed both T&D to be caused entirely by sliding friction forces that result from contact

of the drill string with the wellbore.

T+AT

\\

M+A M

M=F R

as

Fig.2.1: Short Element in a String (McCormick, Melissa and Chiu, 2011).
2.1.2 Stiff String Model:

Stiff string T&D models have also been developed. One major distinction between the soft
string model and the stiff string model is that instead of treating the pipe as small elements

of a cable, it accounts for the actual stiffness of the string.

The stiff string model takes into consideration the bending moment in the tubular and
radial clearance in the wellbore. Stiff string models are most beneficial when wells that
have high tortuous trajectories, high dogleg severity, or stiff tubular. The stiff string model
is more complex compared to the soft string model because of the additional inputs and

calculations needed to account for various bending forces.

Later Sheppard et al. (1987) put the Johancsik’s model into standard differential form and
also took the mud pressure into account that acts upward when the drill string is running

8



inside hole. Maidla and Wojtanowicz (1987) presented a method to evaluate an overall
friction coefficient between the wellbore and the casing string. The computation is based

on matching field data and modeling by assuming a friction coefficient.

Ho (1988) improved Johancsik soft-string model into somehow stiff-string and showed
that for most parts of the drill string the stiffness effect like drill pipe, heavy-wall drill pipe
is minor and for drill collars is major and has to be taken into account. Rae et al. (2005)
used T&D simulator to firstly plan a drilling well and then use it to calculate the hook load
and torque at the surface with the model has been used for planning and then comparing
the values with field surface hook load and torque data. Kaarstad and Aadnoy (2009) also
studied experimental investigation of friction factor dependence on temperature and they
observed an increase in friction coefficient with temperature and a temperature dependent

friction coefficient model was presented.

2.2 Torque and Drag Basic Theory:

2.2.1 Torque:

Torque is defined as the turning force that is applied to a shaft or other rotary mechanism
to cause it to rotate or tend to do so, and it is measured in units of length and force. It is
units depend on the unit system used, in metric system it has a unit of Newton per meter
(N.m). While in imperial system, it has a unit of pound force per foot (Ibf-ft) (Bakke,
2012).In drilling, torque is the force or moment used to rotate the drill string, and therefore
the bit, around it is axis. The torque is generated by the top drive and is used to overcome

the frictional forces opposing rotation of the drill string and bit.

TORQUE

AXIAL DRAG

Va

Contact Force

Weight
of the pipe

tension/compression

Fig. 2.2: Wellbore and Drill string Forces (Raksagati, 2008).



T&D is an important analysis in planning a well, but in a vertical well “theoretically” there
is no T&D force occur because the pipe is only hanged in the well and no interactions
between the wellbore and string. So what appears is only the torque on bit and
compression/tension of the string.

But in a non vertical wellbore the contact between the string and wellbore occurs, because
of that additional forces to the string is detected. The forces are T&D. Fig.2.2 is the picture

of the forces that occurs in the wellbore.

Torque = Force x Distance

Diill string rotation
mside a borehole

T=Fg *dl
Fr T=Fx*"npn*dl

Where: d = Drill pipe OD

Fig. 2.3: Diagrammatic Representation of Torque Generating Forces (Agbaji, 2009).

As mentioned before torque only occurs when the drill string has a point contact with the
wellbore and is being rotated. Torque analysis is important regarding the drill limitation
we have such as the rig torque limit (rotating system), rig capacity and the string fatigue
limits. The source of the rotational force can be caused by friction, mechanical torque and
the rotation of the bit. Frictional Torque occurs when the string rotates and the force will
occur in contact areas between the string and wellbore. Frictional Torque will be detected
when there is no axial movement, rotating off bottom in a perfectly clean hole. The

frictional Torque is affected by the following:

10



Compression/tension in the drills tring: Tension can occur and force the string towards the
wellbore even harder than gravity force. This will increase the contact force between the

string and the wellbore.

Dogleg severity: A diverse change of dogleg severity will result in an increase of contact
area, and if

tension occurs contact force will also increase.

Hole and pipe size: The difference between the inner diameter of the hole and outer
diameter of the string results a clearance, the smaller clearance occurs the more contact

force and contact area will occur.

String effective weight: The string effective weight will affect the normal force (force of

the string to the wall) therefore will affect the contact force.

Inclination: The effect of inclination is similar with dogleg but not also the same. The
higher
inclination occurs the contact force will increase. But at high inclination, the string tends

to rest in the hole, therefore the tension will decrease and the contact forces will decrease.

Lubricity of the mud will affect the friction caused by the string and hole contact.
Mechanical torque occurs by the contact of the drill string with cutting beds or unstable
formation.

Bit Torque is the result of an additional torque needed when the bit is rotated to drill the

formation.
2.2.2 Drag:

Drag is a resistance force to the motion of an object and it acts in the opposite direction of
its axial movement. It is as a force that resists motion along a straight path. In drilling,
Drag is explained as the incremental force needed to pull or lower the drill string through
the borehole, or it can also be defined as the friction forces that oppose sliding the drill
string into the hole. It is units depend on the unit system used, in metric system it has a
unit of Newton (N). While in imperial system, it has a unit of pound force (Ibf) (Bakke,
2012).

11



. Drill pipe
Vertical hole / PIp Inclined hole

Drag

\
Fig.2.4: Drag in Vertical and Inclined Hole (Borinb, 2012).

In vertical well drilling ideally there will be no drag force occur. But as the inclination of
the well increases contact force between the string and the hole will occur and drag will be
detected. Drag appears when the string is manipulated in the axial direction and no rotation
is applied. Like in ordinary physics drag force will appear like and additional force but in a
direction opposite the drill string movement. The magnitude of drag is dependent with the
friction factor which embraces the uncertainties in the wellbore. Drag analysis is important
in well design, in order to prepare rig capacities, prime mover to manipulate the string and
to calculate the weight on bit resultant with the effect of drag. Drag can reduce the drilling
efficiency when transferring the weight to the bit. Sinusoidal and Helical Buckling could
occur when tripping in compression axial force exceeds the critical sinusoidal or helical

buckling load. This could end in pipe sticking.
2.2.3 Friction factor:

In simple physics, the coefficient of friction is a dimensionless scalar value which
describes the ratio between the forces of friction between two bodies and two forces when
interacting.

12



The resulting force acts in the opposite way as from the movement of the object. The
higher the friction factor the more force resists the object to move. Here below in fig.2.5 is

a simple illustration of a simple effect of friction force.

===

resultant force

_axial force

—————

friction force

|

normal force
v

Fig.2.5: Simple Effect of Friction Force (Raksagati, 2008).

Friction factor in drilling activities is much more complicated than the ordinary friction
factor shown above. The friction factor in drilling covers the uncertainties in the wellbore
so it can be exerted as a single dimensionless magnitude in calculations. There are many
factors that could impact the friction factor in the drilling process beside the interaction

between the drill strings, such as:

Cutting bed

Dogleg severity and well trajectory

Mechanical equipments (BHA, stabilizer, OD tool joint, etc)
Mud lubricity

Pipe stiffness effects

Viscous drag

Here below in fig.2.6 is the illustration of the factors that impact the magnitude of friction

factor.

Friction factor could also be different even in the same wellbore with the same conditions.
Different types of manipulation of the string exerts different friction factor, example when
Pull out of the hole, POOH, run in the hole, RIH, and rotation occurs at the drill string.

This must be a concern in T&D analysis.

13



uncleaned cutting beds increases friction factor

Smam—

dogleg severity will increase the friction factor

e

stabilizers will decrease the strings OD and hole 1D distance
but also will reduce the contact area

Fig.2.6: lllustration of Factors that Impact the Friction Factor (Raksagati, 2008).

The friction factor plays a more significant role in horizontal well compared to a vertical
well. Fig.2.5 illustrates this, where the drill string is forced against the side of the
horizontal well, and in that way the friction becomes an important source of wear and
energy losses in the tubular system. The drill strings is in general placed centrally in the
borehole in a vertical hole, leading to negligible contact between the drill string and the

borehole wall, and consequently zero T&D.

The middle sketch in Fig.2.7 shows that during a build section the drill string is pressed
against the top side of the borehole wall and is in tension or compression, leading to
varying degree of T&D forces. The right picture in Fig.2.7 presents a tangential section of
the hole where the entire drill string is in contact with the low side of the borehole wall,
and can be in some tension or compression (Aadnoy et al. 2010; Xie et al. 2012;
Bennetzen et al. 2010).

Friction factor differ as the mud used to drill the hole differ, table.2.1, and it’s
generally can be calculated using the following equation:

- S
Where:

Frg = Net friction force acting on the element, Ibf [N]

Fy = Net normal force acting on the element, Ibf [N]

u = sliding friction coefficient between drillstring and wellbore

14



String ;
tensionand ;
compression

."."" . v , ~ .
t i Rotation
=) X T
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- String tension
(& and compression
Rotation Contact force \

X Weight of pipe

Fig.2.7: Side Forces on the String in Wellbore Orientations (Bennetzen et al. 2010).

Table.2.1: Ranges for Friction Factors for Different Fluid Types and hole Conditions
(Samuel, 2010).

Friction Factor
Fluid Type

Cased hole Open hole
Oil-based 0.16-0.20 0.17-0.25
Water-based 0.25-0.35 0.25-0.40
Brine 0.30-0.4 0.3-04
Polymer-based 0.15-0.22 0.2-0.3
Synthetic-based 0.12-0.18 0.15-0.25
Foam 0.30-0.4 0.35-0.55
Air 0.35-0.55 0.40-0.60

2.2.4 Weight:

The weight of the drill pipe is extremely important for T&D. The weight depends on the
material density of the pipe and pipe wall thickness. To calculate mass of a pipe the

equation below is used:

M = Ppipe * v —// (2)
Where:
M = Mass of pipe

p = Density of pipe
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V = Volume of pipe material
Nominal weight in Ib/ft is often used in tables and is calculated from this equation:
m=pn(,—-r) — > (3)

Weight including tool joints is calculated from the following equation:

v
—_
B
~

M = ppipeT(rd — 1) (Ipipe — 1) + My + Mg
Where:
r, = Pipe outer radius
r; = Pipe inner radius

1 = length of pipe

pipe
l;j = length of tool joint
My = Mass of male tool joint

Mg = Mass of female tool joint

After the pipe weight is calculated. Then, it is used to calculate the borehole normal force
on the pipe from the equation below:

Fy=Mgsina — (5)
Where:
g = gravity constant
a = borehole inclination

The normal force is then used to calculate friction force by multiplying it with the friction

factor from the equation below:
Fe=Fy*p — > (6)

The friction force is the major constituent of T&D. Any reduction of friction force will
therefore give a direct reduction in T&D forces. Materials like aluminum and titanium
have lower density than steel, and the normal force will be smaller for these materials than
the alternative steel equivalent (Borinb, 2012)

2.2.5 Buoyancy:

For drill pipes, the buoyancy equals the weight of the mud that the drill pipe displaces. The
submerged weight of a wellbore tubular can be obtained by multiplying the weight in air
with a buoyancy factor:

16



B __ Suspended weightinmud —— (7)
- Weight in air

Where:
B = buoyancy factor
And it is given by the following equation:

p=1-tts ——>(g)

Prauia = density of fluid the pipe is submerged in

The above equation is only valid if the mud inside and outside the drill pipe has the same
density. This is not always the case, and for operations that involve different density fluid
inside and outside the wellbore tubular, such as cementing operations and displacement of

mud, the following formula must be used:

2 2
=1— Pmol” —Pmil » (9
B Ppipe(rg_riz) ( )

Where:

Pmo = density of mud outside the pipe

Pmi = density of mud inside the pipe

Using a mud with high density will give more buoyancy than using a less dense mud, and
therefore influence T&D simulations. The opposite is true for the drill string, using a less
dense material will reduce T&D (Borinb, 2012).

2.3 Torque and Drag Modelling:

The T&D model is based on a simple mathematical model. This model assumes that the
load on the drill string is only dependent to the effects of gravity and frictional drag
mentioned before as friction factor. The force that indicates the magnitude of interaction
between the string and the hole is the normal force. Normal force in this model is
contributed by (Raksagati, 2008):

effects of gravity

effects of compression and tension in the wellbore curvatures
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2.3.1 Torque and Drag equations:

To estimate and calculate the T&D, nowadays engineers use computer models, in this
project computing T&D is used with the Landmark-Wellplan 2000 PC based software.

But before proceeding with the modeling understanding the basic physics equations is
needed to know the basics.

The T&D model is based on a simple mathematical model, first developed by the Exxon
Production Research (Johancsik et al., 1984). This assumes that the load on the drill string
is only dependent to the effects of gravity and frictional drag mentioned before as friction

factor.

The force that indicates the magnitude of interaction between the string and the hole is the
normal force. As mentioned, normal force in this model is contributed by effects of gravity
and effects of compression and tension in the wellbore curvatures. Here in fig.2.8 is a

simple free body diagram of the string with the wellbore.

F, + AF,

'\’F'\-
Fn,
F,
Fa

Fn‘

Fa =AL w, cos

w

Fig.2.8: Drill string Free Body Diagram (Raksagati, 2008).

Researchers derivate it into equations that could calculate T&D, These equations are listed

below as following:

Fx = [(FABsin a)? + (FiAa + W, sin)?]*® ——» (10)

AF, = W, cos o + pFy —X11)

In the above equation the plus sign is used in case of tension, while the minus sign is used

in case of compression.

AT = pFyr > (12)

F, = F+AF, ——— (13)
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T=T+ AT — (14)

Where:

Fy = Net normal force acting on the element, Ibf [N]

F; = Axial tension force acting at the lower end of the element, Ibf [N]
AF; = Increase in tension over the length of element, Ibf [N]

T = Torsion at the lower end of the element, ft — Ibf [Nm]

AT = Increase in tension over the length of the element, ft — Ibf [Nm]
n = sliding friction coefficient between drillstring and wellbore

r = characteristic radius of drillstring element, ft [m]

a = Average wellbore inclination, degrees [rad]

W, = buoyed weight of drillstring elemen, Ibf [N]

0 = Azimuth angle at lower end of drillstring element, degrees [rad]
AB = increase in azimuth angle over length of element, degrees|[rad]
o= inclination angle at lower end of drillstring element, degrees [rad]
Aa = increase in inclination angle over length of element, degrees [rad]

The calculation is not too complicated but to simulate the real condition the calculation is
divided in segments regarding the different condition in the drill string and wellbore.
Starting from the bottom of the string until the top (rig), and accumulate that to obtain the
total load and torsion. This process nowadays is easier when computer software simulation

take place.

2.3.2 Benefits of Torque and Drag Modelling:

T&D analysis have an essential part in drilling design. T&D analysis although often uses
data from other field and with many uncertainties is nearly always conducted, this is

because there are benefits that can be obtained from this analysis, such as:

To determine the drilliability of the well and improve the design
To prepare rotating system rig capacity, the obtained surface torque data generated in the

model could be a useful reference in determining it
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To prevent buckling limitation when drilling in well, if the axial
force/tension/compression shown in the model exceeds the critical buckling force then the
drill plan must be readjusted, and when its valid model can be a reference when drilling
operation

To prepare the rig capacity when maximum hook load from model is known and plus a
certain of safety factor and margin over pull

To know the magnitude of torque on bit

To prepare the block weight and string configuration needed

To be an additional data in casing and completion design.
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Chapter Three
Methodology

As mentioned earlier, T&D modelling in this project is performed on a horizontal well
located in field (B) using Landmark-Wellplan software. The modelling process is
performed to each of the horizontal well sections individually but before proceeding with
the inputs and the modelling process, a review on the Landmark-Wellplan software is

required to know the software basics.
3.1 Landmark-Wellplan:

Wellplan is a component of Landmark software developed by Halliburton. Wellplan
software is able to solve number of technical challenges such as Extended Reach Drilling,
ERD, slim hole drilling, deep water drilling, and environmentally sensitive drilling areas.
Wellplan software can be used at the rig site and in the office to provide integration
between engineering functions. It is used during the design and operational phases for
drilling and well completion. This software allows the user to identify potential problems
during the drilling and completion process in terms of wellbore design. Integrated
technologies enable the user to study and evaluate BHA, T&D, stuck pipe, cementing,

hydraulics and well kick scenarios.

For this particular project, the main focus will be on the T&D module. Wellplan T&D
Analysis software provides knowledge of anticipated loads for drilling and casing
operations. It can be applied to diagnose the measured weights and torques that can be
expected during:

Tripping in
Tripping out
Rotating on bottom
Rotating off bottom
Sliding drilling

Back reaming
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In this project T&D modelling will be performed only on the following conditions:

Tripping in
Tripping out
Rotating on bottom

Rotating off bottom

Based on the simulation results, engineers are able to determine if the selected rig has
good enough mechanical specifications to handle the well design requirements, also if the

well can be drilled, or to evaluate what is occurring while drilling a well.

Landmark-Wellplan T&D analysis module uses the soft string model as it is commonly
known. The work string is treated as an extendible cable with zero bending stiffness. For
contact force analysis the string may be imagined as lying against the side of the wellbore
although for calculation simplicity the centre line of the work string is assumed to follow
the centre line of the wellbore. Friction is assumed to act in one direction, this being
defined by the type of analysis; RIH, POOH, and rotating. Wellplan T&D model does not
include wellbore cleaning aspects and assumes that all the cuttings are removed

(Landmark Wellplan user manual, 2000).
3.2 Case Well Profile:

The well chosen as a case study for this project is a horizontal well located in field (B) The

tested well is drilled using double curve profile which means the well profile consists of:

First build section
Tangent section

Second build section

The well is drilled from surface vertically to 2361 ft MD where the inclination began to
increase, first build section, till 3488 ft MD where the first build section end. From this
point, 3488 ft MD, the tangent section, where the angle is held constant, began and
continues till 3610 ft MD. The second build section starts at 3610 ft MD and continue to
total depth, 6043 ft MD.

3.3 Torque and Drag Modelling:
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To perform T&D modelling process using Landmark-Wellplan software properly, well
data need to be entered to Landmark-Wellplan software. The next paragraph represents
and explains the data need to be entered into Landmark-Wellplan software. It should be
noted that there is general data need to be entered into the Landmark-Wellplan and can be
used by all other modules on the software as general and data need to be entered into T&D
module and can be used by each of the analysis modes inside the T&D module such as:

Normal analysis
Drag charts
Calibrate coefficient of friction

Top down analysis

As mentioned, the tested well profile is divided into three sections each of which will be
analyzed individually, these are: first build section, tangent section, and second build

section.
3.3.1 General Data:

General:

In this section inputting the general data from the well such as Origin N, E, Azimuth, well
depth MD and reference point is inputted.

General @ 2

Options lJu:uI:u Information ] Comments

Dezcription: |Hn:nri2::|r'|tal wWfell

“wiell Optians Wwell Depth [MD]: |3483.7 ft

[ Offshare (TWD]: |3394.2 ft

v Deviated Rieference Paint; lm
WS ection D efinition Elevation: |1265.3 ft
OiginM: [00 & -

Orign E: (0.0 ft
Azimuth: 178,81 deg

QK | Cancel | Help |

Fig.3.1: 1° Build Section General Data (Wellplan).
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General ? P I

Options lan Information ] Comments -

Dezcrption: |H|:-ri2|:-ntaIWell

‘wiell Options Wl Depth [MD): |3610.1 fr
[ Offshare (TWD]: |3487.2 ft
v Deviated Beference Point: m
edizn Lt lien Elevation: [1355.3 i
Origin N: [0.0 it '
COngin E: (0.0 ft
Azimuth; 178,31 deq
oK | Cancel | Help |

Fig.3.2: Tangent Section General Data (Wellplan).

-

General ? 23

Options ]an Infarmation | Comments ]

Deszcription: [z REEE
Wwell Options Wl Depth (MDY |6043.3 ft
| Oftshare (TWD]: |416E.0 ft
v Deviated Reference Point: m
W5 ection Definition Elevation: 113553 it
DriginN: [0.0 i '
Onign E: (0.0 ft

Azimuth: (118,81 deqg

ok | Cancel | Help |

Fig.3.3: 2" Build Section General Data (Wellplan).

Wellbore editor:

Wellbore editor enables the user to input the wellbore information for casing and open
hole such as Length, internal diameter (ID), and friction factor. The friction factor is
assumed or could be matched later with the actual data. It should be noted that in this

project the friction factor is matched with the available actual T&D data.
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7 File Edit Modules Case Parameter View Tools Wellbore Window Help

8x

D[S(E &R N[5 [ ] Yl |l | @

Mode: ‘NwmalAnalys\s j “fizard: ‘Mude Data ﬂ @8 J

elbore Editor 1

Well Depth MD}  |3488.7 ft

e Depth Length D pit | Efecive Hole ) Volume Excess
ection Type: I i il il Dla[rm]atel Friction Factar [ Catalog Summmary
i

1 Casing 984 3840 17.768 17567 025 45 185/8 in, 87.50 pp, K56, BTC

2 Casing 1640.0 1541.60 12415 12269 025 45 13 3/8 in, BR.00 pp, K56, BTC

3 Open Hale: 34887 1848.70 12415 025 0on

4

; c st oy : :
Fig.3.4: 17 Build Section Wellbore Editor (Wellplan).
D] SIRJ o] £ |[@] ][5 [z 21| e Yol br| ol B 6|
Mode |Eahhvale Fiiction ﬂ Wizand: ‘WEHhﬂlE Editor ﬂ @l |— ’—’—J J
Hellbore Editar =
WelDepthMD) | 36101 it
Effective Hole
Section Type Dmlh Le[?l]gth [‘IE] [[)”:;[ Diameter Friction Factor Vn\umﬁxcess Catalog Summary
fin]
1 Casing 984 9840 17755 17.567 i} (A 185/8n, 8750 pef, K85, BTC
2 Casing 1640.0 1541.60 12415 12289 i} (A5 13 3/8n, 68,00 pef, K85, BTC
3 (pen Hale 101 197010 12415 002 0o
4
Fig.3.5: Tangent Section Wellbore Editor (Wellplan).
{7 File Edit Modules Case Parameter View Tools Wellbore Window Help X

B LS R

Mode: |Nurma|Ana\ys\s j Wizard.‘F\uidsEu\umn j &l
[ 2l &[5 b &l
ellbore Edtor

WelDepth D} 50433

Effective Hale
Section Type fof][h LEE;t!ilh EE] [[)i::][ Diamneter Friction Factor VD‘UMTT]EXEESS Catalog Summary
fin
1 Casing 984 840 17.75% 17.567 024 CAS 18.5/8in, 87.50 pp, K56, BTC
Casing 18400 1541.60 12.415 12,259 024 A5 133/8in, B8.00 ppf, K56, BTC
Casing 49036 326360 883 8750 0.5 CAS 95/8in. 40,00 ppf, K55, BTC
Open Hole E0433 13873 8838 0.5 0.00

Fig.3.6: 2" Build Section Wellbore Editor (Wellplan).
String editor:

>

String and BHA data can be inputted in the string editor. It includes the outer diameter,

yield strength, torsional strength, weight, etc.
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&7 File Edit Modules Case

Parameter View Tools Sting Window Help

[[=]x

D@(a] IR =4 |u]e] %[5 (2] [ Yl le|ki| 6| o|a]

Mode: INurma\AnabJs\s

j Wizard: IMude Data

B EIERNEEERE]

tiing E diter =
~Stiing Iniai i
String Type: | Drill String - Sting Depth: |3488.7 ft Specify: | ToptoBattom
. Length Depth ap D Weight 5
Section Type # [ i finl el Catalog Description
1 Dril Fipe 2137.44 2137.4 5.000 4.278 22,60 | DF 5in, 19.50 ppf. . NCS0[<H). 2
Heavy Weight 801.66 25331 5.000 3.000 110 | Hy Grart Prideco - Spiral, 5 in, 51.10 p
Dl Callar 3.8 30289 7.000 3000 10680 | DC 7 i, Jin,
Jar 0 30625 3.000 2500 154,38 | JRH Eastman Hyd., 8in
Dril Collar 358.00 34205 8,000 3250 14281 [DCHin, 3144 in,
Stabllizer 500 34255 8.000 3250 14283 [IBS 12 1/4"FG. 853174 in
Dril Collar 53.14 34847 8.000 3.250 14281 | DC8in, 3144 in,
Sub 300 34877 7.920 3240 14283 |F5 8,853 1Min
Bit 102 34887 12.250 150,00
]

Fig.3.7: 1° Build Section String Editor (Wellplan).

27 File Edit Modules Case

Parameter View Tools Sting Window Help ‘. HE‘H x|
0|@@] S[R| < 4]0 [ [ 2] R E]s|s)|
Modz: INolma\Ana\ys\s j Wizard ISmngEd\lm j @l | h {9+ [E] | ‘
tiing Editor =
 String Intialization |
String Type: | Diill String - String Depth: |3610.1 ft Specify: ITnp to Bottam j
Lenath Depth [i[i} [} ‘weight .
Section Type ] [ i il {opi) Catalog Description
1 Diill Pipe: 27387 27387 5.000 4276 2260 | DP&in, 1350 ppf, 5. NCAO(<H). 2
Heavy Weight 71254 34513 5.000 3000 51.10 | HW Grant Prideco - Spiral, 5 in, 51.10p
Fl 3360 34849 2000 2500 164.36 | JRH Eastman Hyd, Bin
Dl Collar 31.00 3159 2.260 2813 15811 | DCE1/4in, 21316 n,
Heawy Weight 3020 30461 5.000 3000 51.10 | Hw Grant Prideco - Spial, 5in, 51.10p
Sub 3o 35431 7520 i) 14283 |F58,8x31/4in
MWD a0 3741 2.000 2500 16436 | MWD 8. 8421/2in
E Hud Mator a0 36081 4500 3500 208.48 | BHM 31/2,91/2431/21n
Bit 1.02 36101 12.260 150.00
0
Fig.3.8: Tangent Section String Editor (Wellplan).
{7 File Edit Modules Case Parameter View Tools String Window Help B@E

D[ (@] SIR ][] %I [ s 2] | b o] 6 @]

Modz: INnrmaI Analysis

j Wizand: ISmng Editor

3 el |

N E )

ting E ditar

1~ Stiing Inilialization

Sting Type: | Diil String A

Sting Depth: |E043.3 ft S pecify. ITthuEuttum j

[+]

Section Type Le[”"%m D‘[Eff]m ﬁnD] [‘iE] \'{;‘j%]“ Cataog Deseiion
1 Ol Pipe: 21267 FiF 5.000 4276 2260 | DP'5in, 19.50 ppf, 5, NCSOH), 2
Heavy Weight 7254 W42 5.000 3.000 51.10 | Hw Grant Prideca - Spiral, Bin, 5110 p
Dl Fipe 272 7380 5.000 4.276 2246 | DP &in, 19.50 ppf, X, 5 1/2FH, P
Heawy Weight 3020 H828.2 £.000 3000 5110 | Hw Grant Prideca - Spiral, in, 51.10 p
Jat 300 58612 E.250 2250 9083 | JAM Dailey Mech., 6174 in
Heawy Weight 3020 58914 5.000 3000 51.10 | Hw Grant Prideca - Spiral, 5in, 5110 p
Ol Collar 6619 59776 6500 2613 90.83|DCB142in, 213/161n,
D 000 60076 8000 2613 14992 |MwD 8,84213/16
Mud Motor 000 60376 8000 2613 14392 | BHM 8, 842 13/16in
(10 Stabiizer 500 EI42E 4500 2250 4055 | MBS E1/2"FG, 41/2:21/4in
1 |Bit 072 60433 2500 150.00
2

Fig.3.9: 2" Build SectionString Editor (Wellplan).
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Survey Editor:

In Survey editor, MD, Inclination and Azimuth are inserted from the survey file in well
Daily Drilling Report (DDR). The TVD, dogleg, Vertical section is calculated

automatically as the MD, Inclination and Azimuth data inserted.

27 File Edit Modules Case Parameter View Tools Deviation Window Help -8
D|e @] S[E] of &[0 [ [ 5] [ Yl ol 6| s|@
Mode: ‘Narma\Ana\ys\s j Wizard:‘ModeData j @l J

Survey Editor
|dentification
Name:  |Hw Desciiption |Hnl|znnla\ wel
MD INC A2 D DLs AbsTort FielT ort Viect Noith East Build Walk -
(0] [deg] [deg) ] (dea/100k) (dea/100#) [deg/100k) ] (ft) 0] [deg/100f) [deg/100f) w
1 i1 0.00 LR 0n 000 000 0.00 0o 0o 0o 0.00 0.00
84 0.00 11881 %84 000 000 000 [il] [il] 0o 0.00 0.00
1968 0.00 11881 1968 000 000 000 [il] [il] 0o 0.00 0.00
262 0.00 11881 2952 000 000 000 [il] [il] 0o 0.00 0.00
3936 0.oo 11881 336 0.00 000 0o 0o 0o 0.0 0.oo 0.00
4520 000 11881 4820 0.00 000 n.oa 0o 0o 0.0 0.00 0.00
Ba0.4 0.00 LR G304 000 000 0.00 0o 0o 0o 0.00 0.00
6338 0.00 11881 6888 000 000 000 [il] [il] 0o 0.00 0.00
e 0.00 11881 i) 000 000 000 [il] [il] 0o 0.00 0.00
0 8956 0.00 11881 8856 0.00 0.00 0.0 00 00 0o 0.00 0.00
1 840 0.oo 11881 9840 0.00 000 0o 0o 0o 0.0 0.oo 0.00
0824 0.00 LR 10824 000 000 0.00 0o 0o 0o 0.00 00| =
1180.8 0.00 11881 11808 000 000 000 [il] [il] 0o 0.00 00| |
12192 0.00 11881 12752 000 000 000 [il] [il] 0o 0.00 0.00
13776 0.00 11881 13778 000 000 000 [il] [il] 0o 0.00 0.00
1476.0 0.oo 11881 14760 0.00 000 0o 0o 0o 0.0 0.oo 0.00
15744 0.00 LR 16744 000 000 0.00 0o 0o 0o 0.00 0.00
16728 0.00 11881 16728 000 000 000 [il] [il] 0o 0.00 0.00
1712 0.00 11881 1712 000 000 000 [il] [il] 0o 0.00 0.00
2 1869.6 0.00 11881 18636 000 000 000 [il] [il] 0o 0.00 0.00
1968.0 0.oo 11881 1968.0 0.00 000 0o 0o 0o 0.0 0.oo 0.00
2066.4 0.00 188 20664 0.00 000 0.00 0o 0o 0o 0.00 0.00
21648 0.00 LR 21648 000 000 0.00 0o 0o 0o 0.00 0.00
22632 0.00 11881 22632 000 000 000 [il] [il] 0o 0.00 0.00
2%.0 0.00 11881 22960 000 000 000 [il] [il] 0o 0.00 oo —
2361.6 220 11881 23616 i) 0.03 0.00 13 06 11 33 0.00
2 HE0.0 550 11881 24557 1% 02 0o ‘9 -18 3] 33 0.00
- . St - . .
Fig.3.10: 1° Build Section Survey Editor (Wellplan).
44 hle tdt Modules Case Parameter View lools Ueviaion Window Help -8
Djlid| S0/ -| <6 %[5 22 2 i blb|luil B[ |@
Mode |Nurma\Ana|ysws j Wizard: ‘Survey Editor j a|w J
Survey Edior
|dertiication
Name:  |Hw Description |H0nzonla| wel
MD INC: a7 D DLS AbsTort RelTort Yieck Harth East Buid Walk A
] (deg] [deg) ] (deg 100K (deg/100k) [deg/100k) ] I (f] (deg/100K) [deg100f) T
1 i} 00 1188 i} 000 (.00 000 00 0o 00 (.00 0.00
%4 00 1188 %4 000 (.00 000 00 0o 00 (.00 0.00
1568 00 1188 1568 000 000 000 [il}] 0o 00 000 0.00
292 00 1188 2952 000 (.00 000 00 0o 00 (.00 0.00
3936 00 1188 3936 000 (.00 000 00 0o 00 (.00 0.00
4920 00 184 4820 0o oo 000 00 il 00 oo 000
5904 00 1188 5904 000 (.00 000 00 0o 00 (.00 00| |=
6668 00 1188 6688 000 (.00 000 00 0o 00 (.00 0.00
72 00 1188 7.2 000 (.00 000 00 0o 00 (.00 0.00
0 [ 00 1188 [ 000 000 000 [il}] 0o 00 000 0.00
1 940 00 1188 9840 000 (.00 000 00 0o 00 (.00 0.00
10624 00 1188 10624 000 (.00 000 00 0o 00 (.00 0.00
18048 00 184 1808 0o oo 000 00 il 00 oo 000
12792 00 1188 12792 000 (.00 000 00 0o 00 (.00 000} |
13776 00 1188 13776 000 (.00 000 00 0o 00 (.00 0.00
14760 00 1188 14760 000 (.00 000 00 0o 00 (.00 0.00
15744 00 JLE] 15744 nn 000 n0n 00 00 00 000 000
16728 00 1188 16728 000 (.00 000 00 0o 00 (.00 0.00
172 00 1188 1771.2 000 (.00 000 00 0o 00 (.00 0.00
2 18696 00 184 19636 0o oo 000 00 il 00 oo 000
19660 00 1188 19680 000 (.00 000 00 0o 00 (.00 0.00
20EE4 00 1188 20664 000 (.00 000 00 0o 00 (.00 0.00
21648 00 1188 21648 000 (.00 000 00 0o 00 (.00 0.00
20632 00 JLE] 22832 nn 000 n0n 00 00 00 000 000
2%.0 00 1188 22560 000 (.00 000 00 0o 00 (.00 0.00
TR am 1R T3RIR KED N nmn 13 AR 1" AR nmi -~

Fig.3.11: Tangent Section Survey Editor (Wellplan).
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£ File Edit Modules Case

Parameter View Tools

Deviation

Window Help

[-[s]x

Dl @ of [ m) %[5 5 o] [ Yol o)ui 6] ||

Mode: [Homal Andlysis

[N EREE]

| wizand: [Survey Edier

o L] |

wvey Edlor
Name:  [HW Descriptiors ~|Horizortal well ‘

WD INC iz VD 0LS sl Rellal Vel Norh East Buid Wl z
i) |deg) [deg) [ dea/1001] deg/100K) [deg100K] [ if) & [deg/100K] [deg/ 100 | —

1 00 [} 1881 00 000 000 000 00 00 00 000 000

54 [} REE] %4 000 000 000 0 1] 0 000 000

1968 [} 11881 1968 000 000 000 00 00 00 0.0 000

252 [} REE] %57 000 000 000 0 1] 0 000 000
3936 [} 11881 336 000 000 000 00 00 00 0.0 000 =

4820 000 REE] #8520 000 000 000 0 ] 0 000 000

5904 [} EEE] ) 000 000 000 00 00 00 0.0 000

6888 000 REE] 6688 000 000 000 0 ] 0 000 000

782 0w Rl 7z 000 000 000 00 1] 00 [0 000

8856 i} GEE] 856 000 000 000 0 [l 0 [} 000
9840 0w Rl %40 000 000 000 00 1] 00 [0 00|

10824 i} BEE] 10824 000 000 000 0 [l 0 [} 000

71808 0w Rl 11308 000 000 000 00 1] 00 [0 000

12792 [} 188t 12792 0.00 000 0.00 00 00 00 000 000

13776 [} REE] 13776 000 000 000 0 1] 0 000 000

1476.0 [} 11881 14760 000 000 000 00 00 00 0.0 000

16744 [} REE] 16744 000 000 000 0 1] 0 000 000

16720 [} 11881 16728 000 000 000 00 00 00 0.0 000

17712 000 REE] 1771.2 000 000 000 0 ] 0 000 000

2 18696 0w Rl 18696 000 000 000 00 1] 00 [0 000

1866.0 i} GEE] 18680 000 000 000 0 [l 0 [} 000

20664 0w Rl 20664 000 000 000 00 1] 00 [0 000

648 i} GEE] 21648 000 000 000 0 [l 0 [} 000

20632 0w Rl 2632 000 000 000 00 1] 00 [0 000

%0 i} BEE] %0 000 000 000 0 [l 0 [} 000

7516 220 Rl 2316 33 009 000 13 06 [ 3% 000

z 24600 550 188t 24597 3% 022 0.00 79 ET] 59 3% 000

28 %163 73 REE] 35T 3% 02 000 142 68 124 33 000
2 %504 .80 11881 2574 3% 034 0.00 P a7 176 3% 000] -
| [T\ Tabt £Tab2 / |4] |»

|

Tl L

Fig.3.12: 2" Build Section Survey Editor (Wellplan).
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Fluid editor:

Fluid editor options enable the user to input the fluid used in the drilling such as: rheology

properties, mud base and other mud properties.

Standard Fluids | Cement Slumes | Fluid Selector |

Fuds & |%| New |Company  [BAKRY Field [HEG
[ water] Density |5.5{|| PPg

Type INun Spacer vI
Base Type Water - Data IF“u" YPO vI
Rheology Data
’75' Bingham Plastic " Power Law © Herschel Bulkdey © Mewtonian
— Bheology Tests
Tempesaluwes New | Plot Rheology Tests | Temperature |70.0 deg F
Plastic Viscosity |54.0
Ik Save Fann Defaultz | astic: Viscostty o
Yield Poirt |31.0000 Ibf/100f 2
Turizel Spacer Design 0-Sec Gel [0 Ibf A1 00ft2
n' |.7091
k10109 Ib¥s"n' A2
— Fluid Plot — Fann Data
Speed Diial
1.2 , , + Shear [rprm) [deg)
= ' ' . 1 GO0 139.0
P : . x Cunve Fit
@ 18- coTTTT ] : 2 300 a5.0
= : : : 3
R iy ST H T
o : : :
< ' ' :
0.0 T T I
000 30000 60000 90000 120000
Shear Rate (1/sec)

Fig.3.13: 1¥ Build Section Fluid Editor (Wellplan).
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Standard Fluids |Cerne.-rrt Slumies I Fluid Seledurl

Fuds | ®| MNew |company  [BAKRY Field [HEG
Density 11.40 PPg
Type INun Spacer LI
Base Type Water Diata IF“u" YPO vI
Rheology Data
[F Bingham Plastic " Power Law © Herschel Bulkley © Mewtonian
— Rheology Tests
Temperatures New Plot Rheology Tests | Temperature (/0.0 deg F
Flastic Vi ity |24.0
ET Save Fann Defaultz | astic Viscosty =
Yield Point [36.0000 I #1002
Tunzd SpmserDzign 0Sec Gel [0 Ibf/100ft2
n' |.4851
K 1.0310 Ib"z"n' "2
— Fluid Plot — Fann Data
Speed Dial
EHB : : + Shear [rpm) [deq)
= ' : ) 1 E00 84.0
w : H = Curve Fit
@ 1677 [ [ . 2 300 G0.0
= : e 3
7] I !
R S e
gL
o | | '
0.2 I I I
0.00 30000 60000 90000 120000
Shear Rate (1/sec)
ok | canced | speb | Heb

Fig.3.14: Tangent Section Fluid Editor (Wellplan).
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Standard Fluids lCement Slumies ] Fluid Sele-:tnr]

Fluids & | 3| New |Company |B}-‘-.KHY Field |HE':3
water] Density 5.00 PPg
Type |N|:|n Spacer ﬂ
Base Type Water - Data |PVYP O "l
Rheology Data
{(+ Bingham Plastic { Power Law { Herschel Bulkley ¢ MNewtonian

Rheology Tests
Temperatures M Plot Rheology Tests | Temperature [70.0  degF
F0.0 | Plagtic Viscosity IW cp

Yield Point [50.0000  Ibf/100f2

Fluid Plot Fann Data

a Speed Dial
E‘?E + Shear (rprn] (deg]

=3 . 1 GO0 980
w x Curve Fit

in T 2 ann 74.0
Pt ' 3

7] '

- A hir SEEEEEEF EEPRRERE

[1k] 1

= '

.30 T T i

000 30000 GO0.00 90000 120000
Shear Rate (1/sec)

ok | Cancel | Apply | Help

Fig.3.15: 2" Build Section Fluid Editor (Wellplan).

3.3.2 Torque and Drag Module Data:

Landmark-Wellplan T&D Analysis module can be used to predict the measured
weights and torques to be expected while tripping in, tripping out, rotating on bottom,
rotating off bottom, slide drilling, and back reaming. This information can be used to

determine if the well can be drilled, or to evaluate hole conditions while drilling a well.

To determine the analysis specifications for T&D analysis, T&D setup dialog is used to

specify the use of either the soft or stiff string model in the analysis.
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Hook -Load " eight-Indicator Carrection

Traveling Azzembly Weight: kip

[ Enable Sheawve Friction Comrection

Lines Strung: |

Mechanical Efficiency [single sheawe); (3700 #

Analytical Methods

[ Usze Bending Stress Magnification

¥ Uze SHEF String Model

[ Lze Yizoous Torgue and Drag

Contact Force Mormalization Length: 3.0 ft

techanical Limitations

v b awirmum ‘weight-on-Bit Raotating [no sinuzoidal buckling)

v b airurm ‘weight-on-Bit Rotating [no helical buckling)

¥ b awirnum Overpull Using # of Yield: |9|1U|:| 3
k. | Cancel | | Help |

Fig.3.16: Horizontal Well T&D Setup Data (Wellplan).

T&D module has four available analysis modes; only three of them will be used in this

project, as following:
3.3.2.1 Calibrate Coefficient of Friction:

Calibrate coefficient of friction provides a mean to calculate the coefficient of
friction along the wellbore from actual data collected while drilling. This provides a means
of calibrating the model against actual field result. Coefficient of friction in the casing
section must be calculated first, then the open hole. This is required because data recorded
in the open hole section includes the combined effects of friction between the string and
the casing as well as the friction between the string and the open hole. Therefore, the

coefficient of friction for the cased hole must be determined before that of the open hole.

Actual Loads dialog is used to record actual load data, if available, encountered at certain
depths. This information can be used to calculate coefficients of friction using the
Calibrate Friction analysis or it can be displayed in the Drag Chart analysis graphs to

compare actual values with calculated values.
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Calibrate
[ Cazing [ Open Hale

Measured Values

Bit kD 4887 It
¥ Use Actual Load: | 34887 - | ft

[ Tripping Out
Meas. Weight: |1 e kip
[v Tripping In

M eaz. Weight: |'I 320 kip

[w FRaotating OFF Baottom
Targue 135.0 ft-If

[~ Dizable Sheave Friction Correction

{+ Combined

(uick Look

Friction Factor

o: |

T |0.50

ROBE: |0.01

Avg |0.25

[ Dizable Sheave Friction and Traveling Azsembly \weight Corection

Copy o wWellbore

] 4 | Cancel |

Apply | Help

Fig.3.17 Calibrate Coefficient of Friction (Wellplan)

3.3.2.2Normal analysis:

Normal analysis calculates the torque, drag, normal force, axial force, buckling
force, neutral point, stress and other parameters for a work string in a three dimensional

wellbore. With a normal analysis, all calculations are performed with the bit at one

position in the wellbore with one set of operational parameters.

Normal analysis mode calculates the forces acting along the string and at the surface for

several operating conditions including: tripping in, tripping out, rotating on bottom,

rotating off bottom, and back reaming.

Based on the API material specifications of pipe class, material, and grade, the following
special load cases are also calculated: Maximum weight on bit to avoid sinusoidal

buckling, maximum weight on bit to avoid helical buckling, and Maximum over pull to

not exceed yield while tripping out of hole.
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Results for a Normal Analysis are presented in tables, plots, and reports. In this project,
only plots will be used to display the results. There are several plots containing analysis

results for a normal analysis. These include:

Effective Tension Plot:

The Effective Tension plot displays the tension in all sections of the work string for
the operating modes specified on the normal analysis mode data dialog calculated using
the buoyancy method. The graph includes data for measured depths from the surface to the
string depth specified on the String Editor. The effective tension can be used to determine
when buckling may occur. On the plot there are curves indicating the loads required to
buckle the work string. When the effective tension load line for a particular operation
mode crosses a buckling load line, the string will begin to buckle in the buckling mode

corresponding to the buckling load line.

The plot also indicates the tension limit for the work string component at the
corresponding measured depth. If the effective tension curve for a particular operating
mode exceeds the tension limit curve, the work string is in danger of parting at that point.

Crrilling
OB D verpull Torque at Bit

v Rotating On Bottorm |6.0 kip RE00.0 ft-Ibf
[ Slide Driling kip ft-Ibsf
[ Backreaming kip ft-Ibf

v FRotating Off Bottam

Tripping
Speed RPt

Iv Tripping In 15.0 ftdmin 110 rpm
v Tripping Out 100 ftAmin |100 TP

Friction Factors

Cazing Open Haole
[+ Calibrated 0.0z 0.0z
[ Usger

U wiellbore Editor

] | Cancel | | Help |

Fig.3.18: Tangent Section Normal Analysis Mode Data (Wellplan).

34



True Tension Plot:

The True Tension plot displays the tension in all sections of the work string for the
operating modes specified on the normal analysis mode data dialog as calculated using the
pressure area method. The graph includes data for measured depths from the surface to the
string depth specified on the String Editor.

There are other plots in normal analysis mode include:

Torque plot

Side force plot

Fatigue graph

Drag charts:

Drag chart analysis is used to predict the measured weights and torques that will be
experienced while operating the work string at a range of depths in the wellbore. The
calculations performed

Crrilling
WIOB AT verpull Tarque at Bit

Iv Rotating On Bottorn | 3.5 kip 1000 ft-lbf
I Slide Drilling kip ft-Ib
[ Backreaming kip ft-lbf

v Raotating Off Battom

Tripping
Speed RPk
Iv Tripping In 15.0 ftimin 1110 rpm
v Tripping Out 10.0 ft/min |97 rpm
Friction Factors
Cazing Open Hale
[+ Calibrated 0.25 0.25
[ User

U whellbore Editor

k. | Cancel | | Help |

Fig.3.19: 2" Build Section Normal Analysis Mode Data (Wellplan).

For this analysis are similar to those used in the Normal Analysis except the calculations

are performed over a range of depths.

The drag charts results are displayed in form of plots such as:
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Measured Weight Chart:
The Measured Weight chart shows measured weights for all operating modes selected on
the Run Parameters dialog. This analysis covers only the measured depth interval specified

on the run parameters dialog.

Run Definitionz

Start MD:
End kD 34887 ft
Step Size: 1000 ft
[ Torgue Paoint Distance from Bit: 200000.0 ft
Drrilling
WOB A0 verpull Targue at Bit
[w Rotating On Baottorm |E.0 kip 5500.0 ft-Ibf

[~ Sliding Drilling kip ft-lbf
[~ Backreaming kip ft-Ibf

v Rotating QOFf Bottomm

Tripping
Speed Pk N

[w Tripping In 15.0 ft it 110 pm
[w  Tripping Qut 10,0 ftAmin 100 T

Friction Factars

Cazing Open Hale
[+ Calibrated 0.25 0.25
[0 User

[ wellbore Editor

| (0] | Cancel | | Help |

Fig.3.20: 1* Build Section Drag Chart Run Parameters (Wellplan).

Torque Point Chart:

The Torque Point chart displays the maximum torque found at the surface, or at a user
specified point in the work string for all rotary operating modes selected on the Run
Parameters dialog. The Torque Point chart covers only the measured depth interval

specified on the Run Parameters dialog.

Minimum Weight on Bit Chart:
This chart displays minimum weight on bit to start helical or sinusoidal buckling

(Landmark Wellplan user manual, 2000).
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Chapter Four
Results and Discussion

4.1 Well Sections Description:

The figures below show the vertical section, DLS, and inclination for the first build

section, tangent section, and second build section.

For the First Build Section:

Fig.4.1 shows vertical section with depth which remains constant till the point where the

well is kicked off and increases as the well drilled away from the kick off point.

Fig.4.2 shows the DLS with depth, the value of DLS remains constant till the KOP where

it starts to increase gradually and reached the maximum value of 3.70 degree/100 ft, which

is within the acceptable range, at the depth of 2900 ft.

Fig.4.1 shows the inclination which is 40 degree at the end of the first build section.

LEGEND
ical S¢

TVD (ft)

0

500

1000

1500

2000

2500

3000

3500
LI I I

\

-3500 -3000 -2500 -2000 -1500 -1000 -5 1000 1500 2000 2500 3000 3500 4000

T
00 0 500
Vertical Section (ft

Fig.4.1: 1% Build Section Vertical Section (Wellplan).
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Fig.4.2: 1° Build Section DLS (Wellplan).

LEGEND
= inciination

500

1000

1500

2000

Measured Depth (ft)

2500 —

Bl T—
1000 = S

3500

8 20 22 24 26 28 30 32 34 36 38 40
Inclination (deg)

Fig.4.3: 1¥ Build Section Inclination (Wellplan).

For the Tangent Section:

Fig.4.4 shows vertical section with depth which increases as the well drilled away from the
kick off point.

Fig.4.5 shows the DLS with depth, the value of DLS is zero at the depth of 3610 ft due to
the fact that the section is tangent.

Fig.4.6 shows the inclination which is held constant at 40 degree along the tangent section.
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Fig.4.4: Tangent SectionVertical Section (Wellplan).
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fig.4.5: DLS Tangent Section (Wellplan).
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Fig.4.6: Tangent Section Inclination (Wellplan).
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For the Second Build Section:

Fig.4.7 shows vertical section with depth which increases as the well drilled away from the
kick off point.

Fig.4.8 shows the DLS with depth, the value of DLS increases gradually and reached the
value of 3.5 at the depth of 4100 ft. Then decreases gradually till reached the value of 0.4
at the depth of 5100 ft.

Fig.4.9 shows the inclination which is 90 degree at the end of the second build section. i.e.
total depth.

LEGEND
= wertical Section o

500 —

1000 —

1500 —

£ 2000
o

= 7
2500 4

3000

3500 —

4000 ~

-4000 -3500 -3000 -2500 -2000 -1500 -1000 -500 O 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000
Vertical Section (ft)

Fig.4.7: 2" Build Section Vertical Section (Wellplan).

LEGEND
" Dogleg Severity o

1000

=
]
]

3000

Measured Depth (ft)

4000

5000

6000

0.00 0.20 0.40 0.60 0.80 1.00 120 140 1.60 180 2.00 220 240 260 280 3.00 320 340 360 380
Dogleg Severity (deg/100ft)

fig.4.8: DLS 2" Build Section (Wellplan).
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Fig.4.9: 2" Build Section Inclination (Wellplan).

4.2 Normal Analysis:

4.2.1 Effective Tension Plot:

section, and second build section.

Figures below show the effective tension plot for the first build section, tangent

Fig.4.10 shows the effective tension for 1% build section. According to API class of

materials and grade, the tension limit, the range of sinusoidal and helical buckling is

calculated.

It can be noticed that the effective tension in the string during tripping in, tripping out,

rotating on and off bottom is identical. At the surface the tension value is 120 kip and the

amount of tension decreases as the depth increases. The value at the depth of 3500 is -10

kip which indicates that the string at this point is at compression.

|
LEGEND
i

41600 -1400 1200 <1000 800 -G00  -400 200
b b b b b b v g e b b b B B e B

Efiective Tension R\
0 200 pﬁ{ﬂﬂ

600 800 1000 1200 1400 160D 1800 2000 2200
M N |

Measured Depth (ft)

500 —
1000 —

1500 —f

2000 —

5001

I 3000 —

/

3500 3‘

Fig.4.10: 1° Build Section Effective Tension during Tripping in, Tripping out, Rotating on

and off Bottom (Wellplan).
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Fig.4.11 shows the effective tension for tangent section. According to API class of
materials and grade, the tension limit, the range of sinusoidal and helical buckling is

calculated.

It can be noticed that the effective tension in the string during tripping in, tripping out,
rotating on and off bottom is identical. At the surface the tension value is 100 kip and the
amount of tension decreases as the depth increases. The value at the depth of 3610 is 0 kip
which indicates that the string at this point is not under tension or compression, i.e. neutral

point.

LEGEND -1600 1400 -1200 1000  -BOO -600 -400 -200 1] 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
—— Tension Limt \\\‘\\Ill\\\\‘\\\Ill\\\‘\ll\lll\\‘\\lll\lad\ o b b B b b B b s B Bei 1
— Helical Buckiing
— Sinusoidal Buckliing
Rotate Off Bottom

Rotate On Bottom
— Tripping Out 500 —
Tripping In

1000 —

1500 —

2000 —

Measured Depth (ft)

Fig.4.11: Tangent Section Effective Tension during Tripping in, Tripping out, Rotating on
and off Bottom (Wellplan).

Fig.4.12 shows the effective tension for 2" build section. According to API class of
materials and grade, the tension limit, the range of sinusoidal and helical buckling is

calculated.

It can be noticed that the effective tension in the string during tripping in, tripping out,
rotating on and off bottom is identical. At the surface the tension value is 110 kip and the
amount of tension decreases as the depth increases. The value at the depth of 3610 is 0 kip
which indicates that the string at this point is not under tension or compression, i.e. neutral

point. From this point, the drill string is compressible by an amount of -10 kip.

It can be noticed that for all three plots of the effective tension, no tension or buckling

limit is reached which indicates that no critical problems encountered.
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Fig.4.12: 2" Build Section Effective Tension during Tripping in, Tripping out, and
Rotating on and off Bottom (Wellplan).

4.2.2 True Tension Plot:

Figures below show the true tension plot for the first build section, tangent section,

and second build section.

Fig.4.13 shows the true tension plot for the first build section during tripping in, tripping
out, rotate on and off bottom. It can be noticed that the true tension during tripping in, out,
and rotate on bottom is found to be 164, 166, and 158 Kkip respectively. The true tension
value decreases to the value of -50, -50, and -55 kip respectively.

Fig.4.14shows the true tension plot for the tangent section during tripping in, tripping out,
rotate on and off bottom. It can be noticed that the true tension during tripping in, out, and
rotate on bottom is found to be 126, 126, and 120 kip respectively. The true tension value
for the three operating conditions decreases to the value of -110 kip.

Fig.4.15 shows the true tension plot for the second build section during tripping in,
tripping out, rotate on and off bottom. It can be noticed that the true tension during
tripping in, out and rotate on bottom is found to be 164, 168, and 158 Kip respectively. The
true tension value for tripping in, out, rotating on bottom is found -70, -70, and -74 Kip
respectively.
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Fig.4.13: 1% Build Section True Tension during Tripping in and Tripping out (Wellplan).
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Fig.4.14: Tangent Section True Tension during Tripping in and Tripping out (Wellplan).
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Fig.4.15: 2™ Build Section True Tension during Tripping in, Tripping out, rotating on and
off Bottom (Wellplan).
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4.2.3 Torqgue plot:

Figures below show the torque plot for the first build section, tangent section, and

second build section.

Fig.4.16 shows torque displayed in all sections of the string in the first build section for the
tripping in, tripping out, rotate on bottom, and rotate off bottom operations. It is obvious
that the torque at surface during the rotating on bottom operation is greater than that of the
rotating off bottom operation. It should be noted that the torque values during the tripping
in and tripping out operations are equal to zero due to the fact that there is no rotation in
the string. Torque values at the depth of 2900 ft during different rotating on and off bottom
operation modes exceed the makeup torque limit at this depth which indicates that the tool
joints for the string are liable to over torque or break.

Fig.417 and fig.4.18 displays torque for tangent and second build sections respectively.
Torque value is constant for tangent section. The second build section torque decreases as
the depth increase until it reach the minimum value at the final depth which is known as
torque at bit. Since all the displayed torque values during different operation modes do not
exceed the makeup torque limit, the tool joints for the string are not liable to over torque or
break.

Torque (ft-Ib
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24EIEI% ZESEIEI ZQEIEI[I 30000 32000 34000 36000 38000 40000 42000 44000 46000 48000 50000 52000
IERL ETY ERTE1 ENETY FYRTE FRUTE FANA RN [RRNNRTN] INTRA ANUR] FUT] ENURY ANUNY RUNTE TNUTA FRUNU AERTASRUT INTNY SRTRARNERY FURTHRNUNE FRURI NN

Fig.4.16: 1° Build Section Torque Plot (Wellplan).
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Fig.4.17: Tangent Section Torque Plot (Wellplan).
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Fig.4.18: 2™ Build Section Torque Plot (Wellplan).

4.3 Drag Chart Analysis:
4.3.1 Measured Weight Chart:

The figures below shows the weights encountered during drilling of the horizontal

well during the tripping in, tripping out, and rotating off bottom operation modes.

With reference to fig.4.19 for the 1% build section, it is clear that the weights during the
tripping out operations are larger than those during the tripping in and rotating off bottom

operations due to the fact that the string is lifted upward, i.e. against gravity.

46



Fig.4.20 shows the weights calculated using Landmark-Wellplan software along with the
actual weights encountered during drilling of the horizontal well during many operation
modes for the tangent section. It is clear that at the depth of 700 ft to 2600 ft the string start
to buckle according to helical buckling mode during rotating on and off bottom operations.
So care should be taken during drilling at this depth. Buckling problem can be minimized

or even prevented by use of stiff tubulars in the well such as heavy weight drill pipe.
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=
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Fig.4.19: 1° Build Section Calculated Weights during Tripping in, Tripping out, and
Rotate off Bottom (Wellplan).
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Fig.4.20: Tangent Section Measured and Calculated Weights during Tripping in, Tripping
out, and Rotating on Bottom (Wellplan).
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Fig.4.21 shows the weights calculated using Landmark-Wellplan software during various
operation modes for the second build section. It can be noticed that during all the listed
operation modes, the string start to buckle according to helical buckling mode from the
depth of 300 ft to 2600 ft. A solution to buckling problem is to use more stiff tubulars, i.e.
heavy weight drill pipe, instead of the drill pipe.

MeasuredWe\ghtgklp)
0 100 150 200 250 300 350 400 450 500 550  BOD 650 - 700 750 800 850 900 950 1000 1050 100 150 1200 1250

Fig.4.21: 2™ Build Section Calculated Weights during Tripping in, Tripping out, Rotating
on and off Bottom (Wellplan).

Minimum Weight on Bit Chart:
Fig.4.22, Fig.4.23, and Fig.4.24 shows Minimum WOB to initiate helical or sinusoidal

buckling during the drilling of the horizontal well. Some care should be taken into account
to ensure that the WOB is kept less than the values displayed in these figures at the
corresponding bit depths. Once the WOB exceeds the minimum WOB at the
corresponding bit depths, the string will start to buckle according to the corresponding

buckling mode.
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Fig.4.22: 1° Build Section Minimum WOB Chart (Wellplan).
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Fig.4.23: Tangent Section Minimum WOB Chart (Wellplan).
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Fig.4.24: 2" Build Section Minimum WOB Chart (Wellplan).
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Torque Point Chart:

Fig.4.25shows the torque point chart for the first build section during rotating on and off
bottom operation modes. It is obvious that the torque at depth increases as the bit depth
increases. Torque during rotating off bottom equals zero until the point where the well is
kicked off where it start to increase as the depth increase.

Fig.4.26 shows the torque point chart for the tangent section during rotating on and off

bottom operation modes along with the actual torque encountered during rotating on
bottom. It is clear that the torque value is constant from surface until the depth of 2600 ft
where it is start to increase by small magnitude.

Fig.4.27 shows torque point chart for the second build section during rotating on and off
bottom operations. It is obvious that the torque at depth increases as the bit depth
increases. Torque during rotating off bottom equals zero until the point where the well is

kicked off where it start to increase as the depth increase.
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Fig.4.25: 1° Build Section Torque Point Chart (Wellplan).
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Fig.4.26: Tangent Section Torgue Point Chart (Wellplan).
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Fig.4.27: 2™ Build Section Torque Point Chart (Wellplan).

Discussion of result

Fig.4.16 shows the torque plot for the first build section. It can be noticed that torque
during rotating on bottom and off bottom operations at the depth of 2900 ft exceeded the
makeup torque limit which indicates that the string tool joint is liable to break or over
torque. Torque should be reduced at this point, i.e. 2900 ft below the displayed value to
avoid tool joint breakage.
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Fig.4.17 shows the weights calculated using Landmark-Software for the tangent section
during tripping in, tripping out, rotating on, and rotating off bottom operations. It is
obvious that during the various operation modes there is a problem of string helical
buckling from the depth of 750 ft to 2400 ft. Also there is a problem of helical buckling
during various operation modes from the depth of 300 ft to 2600 ft, fig.4.18, for the second
build section. The buckling problem at the mentioned depths can be solved by one of the
following: using more stiff pipes in the well, i.e. heavy weight drill pipe, could solve the
problem, use of more length of drill collars could also solve the problem because it lift the
neutral point, i.e. the under compression part of the string, upward to the drill collars
instead of the less stiff pipes, reduction of the weight on bit could also solve the problem
because it allow the neutral point to move downward and thereby allow the less stiff pipes
to be in tension mode instead of compression mode.

Fig.4.22, Fig.4.23, and Fig.4.24 shows Minimum WOB to initiate helical or sinusoidal
buckling during the drilling of the horizontal well. Some care should be taken into account
to ensure that the WOB is kept less than the values displayed in these figures at the
corresponding bit depths.
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Chapter Five

Conclusion and Recommendations

5.1 Conclusion:

Torque and drag are key factors in the planning and drilling of horizontal wells.

String torque/drag should be analyzed based on examination of distinct friction factors for
the cased hole and open hole. Torque/ drag friction factors can vary significantly from
their default values and should be derived from field data for each hole section.

Both cased hole and open hole friction factors can vary substantially between wells and
even in single hole sections of a given well as a result of wellbore condition with regard to
cutting beds, etc. Collection and analysis of field data is critical to being able to quantify
these variations.

Drag prediction is dependent on accurate diagnosis of frictional drag in the well and the
extent of buckling in the string. Moderate sinusoidal buckling can be tolerated and does
not lead to severe increases in drag. Extensive helical buckling of the string should be
avoided and can lead to severe drag and lock up.

The maximum weight encountered during drilling of the horizontal well is 150 kip during
rotating on bottom at the depth of 6040 ft. The maximum weight that can be provided by
the drilling rig used to drill the horizontal well is 690 kip which indicates that the
maximum load to be encountered during drilling of the horizontal well is within the
acceptable range that can be handled by the drilling rig.

The maximum torque encountered during drilling of the horizontal well is 12400 ft-1bf
during tripping out at the depth of 6040 ft. The maximum torque that can be provided by
the drilling rig used to drill the horizontal well is 37000 ft-Ibf which indicates that the
maximum torque to be encountered during drilling of the horizontal well is within the

acceptable range that can be handled by the drilling rig.
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5.2 Recommendations:

The wellplan software for all drilling operation it is highly recommended to be the
evaluation method in universities, research center and companies.

Recommended to use wellplan software to group of well in Sudan oil field to get better
analysis for T&D

At the depth of 700ft to 2600ft to avoid buckling problem recommended using stiff

tubulars in the well such as heavy weight drill pipe.
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Appendix: Wellplan T&D Equations
1-Torque is calculated using the following equation:

t=F ruw
NV

Where:

T = Torque

Fn= Side or normal force

u = Coefficient of friction

r = Radius of component (for collars the OD of the collar is used for drill pipe, heavy
weight and casing, the OD of the tool joint is used for stabilizers the OD of the blade is

used)
. RPM
|A|= Angular speed = diameter * 1 * e

|V |= Resultant speed = /(T2) + +/(A2)
2- Drag is calculated using the following equation:

Fp=F um
Where:

Fp= Drag force

3- Axial force:

The T&D analysis uses two calculations for axial force. In checking for the onset of
buckling, the buoyancy method is used. This is because the Critical Buckling Force
calculations are based on the same assumptions regarding hydrostatic pressure. For stress

calculations, the pressure area method is used.
Buoyancy method (used to determine buckling)

Faxial = X[LW,; cos(inc) + Farag + AF4rea] = Foottom — Wwog + Fas
Pressure area method (used to calculate stress)
Faxial = Z[LWair cos(inc) + Farag + AFarea] — Foottom — Wwos
Where:
L= Length of drill string hanging below point, ft

W,;- = Weight per foot of the drill string in air, 1b/ft
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inc = Inclination, degrees

Fpottom = Bottom pressure force, a compression force due to fluid pressure applied over

the cross sectional area of the bottom component

F.rea = Change in force due to a change in area at junction between two components of

different cross sectional areas, such as the junction between drill pipe and heavy weight or
heavy weight and drill collars. If the area of the bottom component is larger the force is a

tension, if the top component is larger the force is compression.
Wwog = Weight on bit, Ib (0 for tripping in & out)
F4rag = Drag force, Ib

Fgs = Buckling Stability Force = (Press External * Area External) — (Press Internal * Area

Internal)

Pipe:

Area External = 77/4*(0.95*BOD*BOD + 0.05*JOD*JOD)
Area Internal = 77/4’"(0.95*BID*BID + 0.05*JID*JID)

Collar:

Area External =/, *(BOD*BOD)
Area Internal =/, *(BID*BID)

Press External = Annulus Surface Press + X (Annulus Press Grad * TVD)

Press Internal = String Surface Press + Z (StringPressGrad * TVD)

4. Additional side force due to buckling calculations:

Once buckling has occurred, there is an additional side force due to increased contact
between the wellbore and the drill string. For the soft string model, the following
calculations are used to compute the additional side force. These calculations are not
included in a stiff string analysis because the Stiff String model considers the additional

force due to buckling in the derivation of the side force.

Sinusoidal buckling mode:
No additional side force due to buckling is added.

Helical Buckling mode:
F — I'Faxialz
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Where:

F.qq = Additional side force

F.xia1 = Axial compression force calculated using the buoyancy method
[ = Young’s modulus of elasticity

r = Radial clearance between wellbore and work string

E = Moment of Inertia.
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