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ABSTRACT

Cuttings transport becomes a major problem to handle in oil and gas industry. It
is a complex process to transport cuttings from vertical well and it is become more
complex if the well is horizontal. Transporting cuttings from wellbore is important
because if the well is inadequate in hole cleaning, it can lead to many serious problem.
Since then, for the past few decades, many researches and studies have been made,
objectively to understand in detail the mechanism of cuttings transport in wellbore. The
problem was identified and researchers tried to come out with possible methods to
overcome this problem.

There are many models and methods have been developed to investigate the
cuttings transport in wellbore. Mathematical model, empirical model, theoretical model,
and also experimental work have been done in order to solve the problem. Some
characteristics and parameters that affect the transportation process have been identified.
In this project, the modeling using simulation’s software is a new method used in study
the cuttings transport mechanism in horizontal well. ANSYS 11.0 is used in this project
as a tool in modeling and simulating the cuttings transport mechanism.

The use of ANSYS 11.0 in modeling cuttings transport mechanism in horizontal
well provides a simple workable method compared to experimental work. ANSYS 11.0
allowed user to investigate the unlimited parameters and the operational conditions of
the wellbores also can be designed at any conditions. Tt means that, using this software
eliminates all physical difficulties in study the cuttings transport mechanism,

The main purpose of this project is to model a cuttings transport mechanism in
horizontal well using ANSYS. The wellbore conditions will be design in this software
and the investigation of the parameters that effect the transportation is done by
comparing various set of parameters. Using two different sizes of particles, 0.185 inches
and 0.274 inches, the simulation simulate three type of fluid with different density,
998.2 kg/m’, 1198 kg/m’, and 1497 kg/m’ by setting its annular velocity to 20 m/s, 40
m/s, and 60 m/s. The result of the project is expected to be in graph diagram, where it
compares all parameters.
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CHAPTER 1

INTRODUCTION

1.1  Background Study

Nowadays, there are many horizontal wells being drilled from all over the world. In this
growing aumbers of drilling well, it is found that hole cleaning and transporting the
cuttings from well is the most common problem that occurred and it is very costly
problem to handle. Inadequate hole cleaning in horizontal well can lead to many costly
problems such as mechanical pipe sticking, slow drilling rate, formation fracture, poor
cement job, high torque and drag, difficulties in casing/cementing and in logging, and

even worse lose of the well.

In hole cleaning and transportation of the cuttings, the study showed that there are few
parameters that control and effect the process such as hole angle, hole size, flow rate,
rotary speed, rate of penetration (ROP), pipe eccentricity, cuttings size, pump pressure,
bit type, weight on bit, and also rotating weight. Besides that, the fluid properties such as
density, viscosity, annunlar velocity, Newtonian and Non-Newtonian type, and flow

regimes have significant effect on the cuttings transport process.

Since the problem of the cuttings transport is become the major problem in oil and gas
industry, there are many studies and researches had been done in past few decades. For
example, Tulsa University Drilling Research Project (TUDRP) had done many
researches and experimental work to study the mechanism of cuttings transport in
wellbore. There are also numbers of paper that been presented in international
conference and meeting, where it presenting the current problem and proposing a new

method to overcome the problem.



Some of the studies and experimental works had come out with new developed models
and correlations, where objectively to overcome the cuttings transport problem. As
example, Larsen, Azar, and Pilehvari developed a model for cuttings transport in highly
inclined wellbore (50° — 90° angles). The model predicts critical velocity and cuttings
bed thickness when the flow rate is below critical flow. Martin, Georges, Bisson, and
Konirsch published a numerical correlation based on the data they collected in
laboratory and field. Gavignet and Sobey presented a model known as double layer
model, where it relates equations and parameters in horizontal well. Zamora and Hanson
compiled 28 rules of thumb to improve high angle hole cleaning based on laboratory
observations. Luo, Berns, Kellingray, and Chamber presented charts to determine hole
cleaning requirements in deviated well. Also, Clark and Bickham presented a cuttings
transport model based on fluid mechanics relationship, which they assume three cuttings
transport mode, settling, lifting, and rolling, each dominant within a certain range of

angle.

In this project, the investigation of the cuttings transport mechanism will be focus in
horizontal well (90° well) only. The parameters used and its fluid properties will be
discussed in next section. This is an approach to study the transportation of cuttings

using software simulation and done in laboratory.

1.2 Problem Statement

Problem identification:

e The study of cuttings transport mechanism in wellbore mostly done by using
physical model development and in laboratory work.

* An experiment using physical model is limited and not many parameters can be
studied.

s The construction of the model also takes time and need high operating and
laboratory cost.



From these problems, it is clear that the physical model development take long time and
limited by construction limitations. So that, this project proposed a much easier and

workable method in study the cuttings transport mechanism in horizontal well.

1.3  Objective

The main objective of this project is to model the cuttings transport mechanism in
horizontal well using ANSYS software.

The second objective of this project is to conduct the model simulation and comparison

using different parameters that effect cuttings transportation.

1.4  Scope of Study

- The study involves literature review on modeling cuttings transport mechanism

in horizontal well.

- Modeling the cutting transport mechanism using ANSYS 11.0 and CATIA 5.0
software that are available in university lab. The simulation investigates effect of
fluid density, annuiar velocity, and cuttings size to transportation of cuttings in

horizontal well.



1.5  Project Relevancy

Modeling cuttings transport mechanism using ANSYS is applicable at all level of
researches. Since ANSYS is available at the market and there is corporation that
supplies the software and provides the latest upgrade of the sofiware, it means that using
ANSYS as mechanism in study the cuttings transport is relevant and can widely used.
Being more focused on this project, this software will be used to model the mechanism
of the cuttings transport in horizontal well, specifically at horizontal segment. Using the
exact value of investigated parameters, the mechanism of cuttings transport will be

visualized and this step can be repeated as much time as required.

1.6  Feasibility of the Project within the Scope and Time Frame

% With proper planning beforehand to project will be kept inside to scope of the
project and the project can be finished within the timeframe.

*» Gantt chart created will assist in planning of the activities done during whole

planning course of project.

< Besides, under the supervision and guidance of m supervisor, I am confidence

this project would be achieved the scope and time frame set beforehand.



CHAPTER 2

THEORY AND LITERATURE REVIEW

2.1  Drilling Fluid

Drilling fluid is a fluid used to aid the drilling of boreholes into the earth. There are
three (3) categories of drilling fluid that are usually used in drilling process, which are

water-based mud, oil-based mud, and gaseous drilling fluid.

Water-based Mud: Mud where the continuous phase is water. In this phase, any

additives are dispersed in the water.

Oil-based Mud: Mud where the continuous phase is oil and contains less than 2 per cent
(2%) up to 5 per cent (5%) water. This water is spread out, or dispersed, in the oil as
small droplets. This type of mmd is used for many reasons likes enhanced shale

inhibition, increased lubricity, and for greater cleaning abilitics with less viscosity.

Drilling fluid provides some important functions in drilling and hole cleaning operation,

such as:

1. Remove cuttings from well
2. Suspend and release cuttings
Control formation pressure
Seal permeable formation

Maintain wellbore stability

SNV R W

Cool, lubricate, and support the bit

Remove cuttings from well — drilling fluid carries the cuttings in the wellbore up to the
surface. The effectiveness of the fluid to do so is depends on parameters likes’ cuttings
size, shape, and density, and its annular velocity. Some other drilling mud properties that

important in transporting cuttings include:



e Most drilling mud will become gel under static conditions. This characteristic of
mud keeps the cuttings suspended when it is not moving.
¢ Dirilling mud that has higher annular velocity give positive effect on cuttings
transport.
® Drilling mud with high density may clean the hole better even with lower
anmular velocity.
For the next section, the drilling fluid parameters such as viscosity, density, shear stress,
and shear rate will be explained. Some other theory like flow regimes and Newtonian

and Non~-Newtonian fluid will be discussed.

2.2  Annular Velocity and Density

Annular velocity is the speed at which drilling fluid moves in the annulus. It is
commonly expressed in units of feet per minute (f/min) or meter per minute (m/min)
and also called apparent velocity {(AV). Annular velocity is major parameters in cuttings
transport process. By maintaining the annular velocity at certain rates, the drill cuttings

will be kept to prevent it from settling down to the bottom and cause drilling problems.

Density is defined as mass per unit volume and symbolize by unit p (rho). For some
cases, density is also defined as weight per unit volume and it is called specific weight.
In wellbore, temperature and pressure changes can affect the drilling fluid density. At
low pressure, the density of drilling fluid increases and at high temperature the drilling
fluid density decreases. While when pressure increases, the drilling fluid density will

increase. Mathematically, density can be shown by:



p=

<| 3

Where, p = density,
M = mass,

V = volume

2.3  Shear rate, Shear Stress, and Viscosity

Shear stress: The force per unit area required to sustain a constant rate of fluid

movement,

_F
=7

Where, T = shear stress,
F = force,

A = area of surface subjected to the force

Shear rate: The velocity gradient measured across the diameter of fluid flow channel. Tt

is a rate of change of velocity.

Viscosity: A property of fluids that indicates their resistance to flow. Unit for viscosity
is dyne-s/cm2 and symbolize by Poise (P).



~i=~

Where, y = viscosity,
T = shear stress,

¥ = shear rate

24 Newtonian and Non-Newtonian Fluid

In this project, the drilling fluid used to transport the cuttings from horizontal well will
be water and other drilling mud (to be expressed in density value). The comparison
between these drilling muds based on their fluid characteristics. Generally, the drilling
mud used in this project can be categorized in two (2) categories, which are Newtonian
drifling fluid and Non-Newtonian drilling fluid.

Newtonian Drilling Fluid

Newtonian Fluid is a fluid that has a constant viscosity at all shear stress rates at
constant temperature and pressure. In common terms, this mean that the fluid continues
to flow regardless of the forces acting on it. Water, sugar solutions, silicone oils, and
glycerin are Newtonian fluids. For Newtonian fluid, the stress versus strain rate curve is

linear and the constant of proportionality is called viscosity.

Non-Newtonian Drilling Fluid

Non-Newtonian Fluid is a fluid whose viscosity is variable based on applied stress. Salt
solutions, ketchup, custard, paint, blood, and shampoo are example of Non-Newtonian
fluids. In drilling industry, most drilling mud used is non-Newtonian fluid. For Non-
Newtonian fluid, the relation between the shear stress and the shear rate is different from

Newtonian fluid. So, the constant coefficient of viscosity cannot be identified.



(Figures sources: htip://en.wikipedia.org)

Shear Rate (s ')

Figure 1: Behavior comparison of Newtonian and Non-Newtonian Fluids

Shear rate, ¢

Figure 2: Newtonian versus Non-Newtonian Effective Viscosity Comparison



2.5  Flow Regimes

The cuttings transport is very much affected by flow regimes, which the flow can be
turbulent or laminar. From the previous study conducted, it is found that the flow regime
is dependent on the fluid density, size and shape of annulus, and fluid viscosity.
Transition region is a flow regime between laminar and turbulent flow where it has both

laminar and turbulent characteristics.

In drilling operation, when the flow velocity is low or the fluid has high viscosity, it will
create laminar flow., While turbulent flow will appear when the flow velocity is high or

the viscosity of fluid is low.

Turbulent Flow (Re > 4060)

Turbulent flow is a type of fluid flow where it characterized by swirling or chaotic
motion as the fluid moves along the flow path. This type of flow regime is preferred for

drilling mud because it gives result in better removal of cuttings.
Laminar Flow (Re < 2000

Laminar flow occurs when a fluid flows in parallel layers with no disruption between
the layers. There are no cross currents perpendiculars to the direction of flow or swirls
of fluids.

Where Re = Reynolds Number
p = density,
V = velocity,
D = diameter,

i = viscosity

10



2.6  Transpoertation System in Drilling Process

Well drilling is the process of drilling a hole in the ground to extract a natural resource
such as ground water, natural gas, or petroleum. The drilling process will used a specific
drill bit for the drilling to reach its target. The drilled hole in the ground will leave
behind cuttings and these cuttings are important to transport up to the surface to prevent

any major problem to happen. Below is the diagram of transportation system in drilling

platform.
Table 1: Transportation System Components
1 | Mud Tank 15 | Monkey Board
2 | Shale Shakers 16 | Drill Pipe
3 | Suction Line 17 | Pipe Rack
4 | Mud Pump 18 | Swivel
5 | Power Source / Motor 19 | Kelly Drive
6 | Vibrating Hose 20 | Rotary Table
7 | Draw-works 21 | Drill Floor
8 | Standpipe 22 | Bell Nipple
9 | Kelly Hose 23 | Blowout Preventer Annular
10 | Goose Neck 24 | Blowout Preventer Pipe and Blind
Ram
11 | Traveling Block 25 | Drill String
12 | Drill Line 26 | Drill Bit
13 | Crown Block 27 | Casing Head
14 | Derrick 28 | Flow Line

11




Figure 3: Drilling Rig Transportation System (sources from oilgasinformation.com)



2.7 Horizontal Well

Figure 4: Tllustration of horizontal well

Drilling horizontal well is the ability to drill wells sideways objectively to reach specific
oil and gas reservoir location, which may be located beneath cities or other
environments where drilling rig cannot be set up. Multiple wells can be drilled from one
drilling platform. This technique also used to expose more surface area of oil bearing

rock so that the overall production of the well is increased.

A directional assembly consists of a “mud motor” which contain a rotor and stator inside
it and are turned by the force of mud that pumped down. The motor turns the drill bit so
instead of turning the entire length of drill pipe, the motor, which is bent at certain angle

can remain in a fixed position drilling the aimed direction.

13



2.8 A Three Segment Model

According to the report by H. CHO, S.N. SHAH, and S.0. OSISANYA, they divided
the entire horizontal drilling into three segments, which are vertical and near vertical
segment, transient segment, and horizontal and near horizontal segment. The vertical
and near vertical segment is range from 0° fo 30°, the transient segment between 30° to
60°, and horizontal and near horizontal segment between 60° to 90° deviations. It is
stated that the existing of cutting bed is different for each segment and the parameters
used also differ for each three of it.

In this project, the focus will be at the horizontal segment only which is the degree of
inclination is 90° from vertical direction, The cuttings transportation in the transient and
vertical segment will not be study in this project. The parameters that will be used in this

project will be discussed in next section.

2.9  Parameters Sensitivity for Horizontal Segment

There are many parameters taken into consideration which give effect in the cuttings
transportation process in horizontal well. Based on the recent studies, the parameters
such as mud flow rate, mud density, mud type, hole angle, hole size, rotary speed,
annular velocity, rate of penetration {ROP), and angle of inclination have certain effect
in cuttings transportation, whether it give positive effect or negative effect which mean

it helps in transporting the cuttings or not.

In report by Jeff Li and Scott Walker, they used an experimental method to study the
cuttings transport mechanism in horizontal well. They came out with the study that there
are some parameters that affect the transportation process, which are liquid/gas volume
flow rate ratio, annular in-situ liquid velocity, rate of penetration, angle of inclination,

and circulation fluid properties.

14



T. Nazari, G. Hareland, and J.J. Azar also in their report stated about the parameters that
effecting the cuttings transportation. The report based on the experiment done in
TUDRP where the purposes is to determine the sensitivity of cuttings concentration
against various parameters. The parameters such as mud flow rate, mud rheology, hole
angle, mud weight, mud type, hole size, rotation speed, eccentricity, rate of penetration,
drill bit type, and cutting size were studied in this experiment. And they came out with
the results that hole inclination, annular mud velocity, and drill pipe rotation are the

most important parameters that affect the cuttings transportation.

For this project, it is decided to study the effects of three parameters, which are annular

velocity, drilling fluid density {rud type), and cufting size.

2,10 ANSYS 11.0 Software

ANSYS 11.0 is software that provides a physical modeling capabilities needed to model

flow, turbulence, heat transfer, and reactions for industrial applications.

Based on the previous study, there are numbers of researches that use simulation
software to study the cuttings transport mechanism, Mostly all of them used sofiware
called Computational Fluid Dynamic (CFD). Using CFD, it enables researchers to
simulate drilling conditions by visualizing velocity and pressure gradient for different
wellbore and bit geometry. Report by H.I. Bilgesu, M.W. Ali, K. Aminian, and S.
Ameri, they conducted a study about cuttings transport in wellbore using CFD software.
The main objective of the study is to visualize the velocity gradient in cuttings transport.
They made a comparison in results by using four different fluid densities and three
different cuttings size. The effectiveness of the software was determined by simulating

successfully results from an experiment reported in literature.

In this project, ANSYS 11.0 will be used as a tool in modeling cuttings transport
mechanism in horizontal well. It is a same method which is using simulation, but with a

new type of software.

15



2.11 Future Researches and Technology Needs

It is stated in SPE paper presentation titled State-Of-The-Art Cuttings Transport in
Horizontal Well by Ali A. Pilehvari, J.J. Azar, and Siamack A. Shirazi, the conclusion
of the presentation is mentioning about the future research and technology needed for
cuttings cleaning in horizontal well. Although nowadays the problem in horizontal well
cleaning is lesser from before, since the problem occurred and the cost to handle it are

still very high.

In order to develop a new method and solution to handle this problem, the paper
mentioned about the important aspect that need to be carefully study. Two out of four
aspects that been mentioned were Fluid Flow Simulation and Mechanistic Modeling.
These two aspects are very much related to this project objective, where to simulate the

cuttings transport using fluid flow simulation.

1. Fluid Flow Simulation
In understanding the cuttings transport and modeling, the important information that
needs to know is fluid flow modeling under the in-situ condition. The fluid behavior,
velocity, viscosity, it’s laminar and turbulent flow, and both Newtonian and non-

Newtonian fluid are very important elements of fluid that need to take serious.

2. Mechanistic Modeling
The important part in modeling the cuttings is to develop a comprehensive cuttings
transport mechanistic model verifiable with experimental data. In addition, a fluid-solids

interaction model is needed to simulate the whole cuttings transport process.

16



2.12 Reviews on Previous Study

In report by H. CHO, S.N. SHAH, and S.O. OSISANYA, they proposes a new
mathematical model to overcome the limitations in existing hydraulic model used to
predict cuttings transport in wellbore. In this study, they divided a well into three
sections, which are based on wellbore deviation, cuttings transport characteristics, and
cuttings bed. The three segments are vertical and near vertical section (0° to 30° from
vertical), transit section (30° to 60° from vertical), and near horizontal to horizontal
section (60° to 90° from vertical). A mathematical model for each segments are different
based on the parameters used. The simulation was performed and as the results, the
found that wellbore deviation has significant effects on cuttings transport. Besides that,
they also found that the most dominant parameters affecting cuttings transport are
annular velocity and drilling fluid viscosity. Also, they stated that in horizontal section,
a high velocity with less viscous fluid, resulting in high turbulence compared to highly

viscous fluid.

In journal by M.E. Ozbayough, S.Z. Miska, T. Reed, and N. Takach, they conducted a
study on using foam in cuttings transport modeling in horizontal well. In their study,
they used three-layer model where they assumed that the wellbore is divided into three
layers, stationary layer, mixture layer, and fluid layer. At each layer, they developed an
equation to represent parameters in it. The experiment was conducted using low
pressure-ambient temperature flow loop in TUDRP. As the results, they found out that
when foam is used as drilling fluid, a very high annular velocity are required to prevent
a thick cuttings bed development in the wellbore. And if the water is used, the

development of cuttings bed is lower since its viscosity is Jess than foam.

17



In paper presented by H.1. Bilgesu, M.W. Ali, K. Aminian, and S. Ameri, they proposed
a new method in study the cuttings transport in wellbore using Computational Fluid
Dynamics (CFD). The objective of using CFD was to visualize the velocity gradient in
the wellbore. In this study, they used incompressible two-phase flow, Power Law Model
to represents drilling mud, Newtonian Model to represent water, and cuitings ware
treated as inert particles in wellbore. They also used various types of parameters like
four (4) values for driiling fluid density and three (3) values for particles sizes. As the
simulation results, they found out that annular velocity plays an important role in hole

cleaning.

18



3.1

CHAPTER 3

METHODOLOGY

Project Activities Flow Chart

Title Selection

Selection of the most appropriate final year project title

N\

Prelim Research

EYT

Understanding fondamental theories and concepts and performing a literature review.

V4

Determine The Software

£ g 2

Doing research and determine the sofiware that will be used as a tool in modeling.

N\

Model Development

Develop a model using software based on parameters.

N7

Model Comparison and Analysis

Compare and analysis the model.

NS

Discussion of Analysis

Discuss the findings, make a conclusion, determine if the objective has been met

N2

Report Writing

Compilation of all research findings, literature reviews, and outcomes into a final report

AT

Figure 5: Project Activities Flow Chart
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3.2

Below is the methodology used in order to complete the model development using

Model Development

software.

(SPE Paper, Report)

Literature Review

Conclusion and
Recommendation

f R
Identify Method For
The Project
L, y
4 N
Result and
Discussion
b y

Identify Software
Availability

Simulation Process
and Analysis

Figure 6: Methodology to Design and Simulate the Cuttings Transport Model

20




Stimulation Process and Analysis

MODEL DESIGN

Design a solid 3D model
Pipe A, Pipe B, Patticles
Sofiware: CATIA

b, ¥
f 3
MODEL FLUID FLOW DESIGN
Design fluid flow direction
Software: ANSYS TURBO GRID
\ y
4 )
MODEL SIMULATION

Design parameters value
Simulate using different parameters
Software: ANSYS FLUENT

Figure 7: Work Flow for Modeling and Simulating Model
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3.3  Model Design

In this project, it needs three (3) weeks of time to complete the design process. Some
difficulties were found in this process, and still the author able to overcome it and

continue to complete the project. The difficulties are:

1. The author is a first-time user in using the CATIA software. Since it is the first
time the author use the CATIA sofiware, it take a bit longer time to complete the
design drawing because the author needs to learn on how to use the sofiware
himself.

2. The author also a first-time user and needs to learn the basic steps in using the

ANSYS software. It take a few weeks to learn and able to use it.

After doing some researches and discussions with supervisor, the parameters for the
model’s design is decided. It must be noted that in this design process, some

assumptions were made to simplify the design.

* Wellbore will be assume as Pipe A, where the size of Pipe A same as the
wellbore size.

e The drillpipe will be assume as Pipe B, where the size of Pipe B same as the
drillpipe size.

» For each model, the particles are all in same size and placed in organized and
compacted position.

e QOnly the horizontal section will be design since the simulation later only

focusing in horizontal well section.

22



Comparison between Drilled Hole And Model Design

Wellbore
Drillpipe
» Cuttings
Figure 8: Drilled Hole Diagram
| The wellbore will be described in the
| design drawing as Pipe A,
| The drillpipe will be described in the
design drawing as Pipe B,
Cuttings will be described as small
particle in the design drawing.
Pipe A
Pipe B

Figure 9: Basic Pipe A and B Design Drawing
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34  Project Milestone / Gantt chart

Detail / Week

11

13

15

16

18

19

21

—

Briefing & update on student progress

Project work commences

Submission of Progress Report

PRE-EDX, Poster Presentation,
Submission of Final Report (CD
Soficopy & Softbound)

EDX

Final Oral Presentation

Delivery of Final Report to External
Examiner / Marking by External
Examiner

Submission of Hardbound Copies
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35 Tools
3.5.1 ANSYS Version 11.0

The ANSYS 11.0 version software will be used in this project to develop a model on
cuttings transport mechanism in horizontal well. The software is available in the
university lab. Using this software, it is possible to develop a model and using some
parameters, the comparison between each model can be made. With this, the result can
be better and the objective can be achieved.

3.5.2 CATIA Version 5.0

In this modeling project, the main part that must be done before doing the simulation
process is designing the model itself. As required to design the model, it is decided to
use CATIA Version 5.0 software as a tool to design the model.

CATIA (Computer Aided Three-Dimensional Interactive Application) is mechanical
drawing software used to design any mechanical object in any area of work. The
important criteria in CATIA is it can design a solid Three-Dimensional (3D) drawing
better than any other mechanical drawing software. Since this project’s model related to
high pressure and extreme wellbore condition, the solid 3D model is needed to obtain
the better result in the simulation part later.
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Figure 10: CATIA Version 5.0
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CHAPTER 4

RESULT AND DISCUSSION

The result is presented in two parts, which are the first parts is result from the modet

design process, and the second part is result from model simulation process.

4.1  Model Design
Design Specifications

1. Pipe A and Pipe B

Table 2: Pipe Design Specification

Specifications Pipe A Pipe B
Length 80f | 7.0 f

QOuter Diameter 12.00 inch 3.5 inch

Inner Diameter . 11.25 inch . 2.764 inch

¢ The position of Pipe B is 1.0 f behind the Pipe A from starting point and it end
in same point with Pipe A.

¢ The position of Pipe B is in center of Pipe A.
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Design Drawing
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Figure 11: Horizontal View Drawing (Pipe A and Pipe B)
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Figure 12: Front View Drawing (Pipe A and Pipe B)
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2. Particles

Table 3: Particles Design Specification

Specifications Design 1 Design 2
Diameter 0.185 inch 0.275 inch

e The particles will be placed at the bottom of along Pipe A.

o There will be 7 layers of particles and it is organized and compacted.

e There will be two designs, which are design with particles size 0.185 inch and
design with particles size 0.275 inch.
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Figure 13: Particles Drawing
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4.2

The simulation process was started by determined the value of parameters that will be

Model Simulation

used in the project’s simulation. The parameters values used are as below:

For Particles Size: 0.185 inch

Table 4: Tests Specification (Particle Size 0.185 inch)

Simulation Test Annular Velocity Fluid Density
(m’s) (kg/m®)
Test 1 20, 40, 60 998.2
Test 2 20, 40, 60 1198
Test 3 20, 40, 60 1497

For Particles Size: 0.275 inch

Table 5: Tests Specification (Particle Size 0.275 inch)

Simulation Test Annular Velocity Fluid Density
(m/s) (ke/m’)
Test [ 20, 40, 60 998.2
Test 2 20, 40, 60 1198
Test 3 20, 40, 60 1497
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Simulation Result

Figure 14: ANSYS Fldid Flow Simulation

Fluid flow from inside Fluid flow inside Pipe A Particles Location
Pipe B (along Pipe A)

The fluid flow direction was designed to flow from inside Pipe B (Red dot) out to the
inside Pipe A (Blue and Green dot). At the bottom of the pipe, there are particle

assembled.
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Figure 15: Fluid Flow at the Bottom of Pipe

The fluid flow diagram above show that when the fluid is flow from inside the Pipe B
(Red dot) out to the Pipe A (Blue and Green dot), the velocity of the fluid will
determined how many particles will be transported. The particle is designed with
Specific Gravity 2.4. The various annular velocities used mean that the amount of
particles movement in every velocity is different. The result of particle movement is

shown in table below.
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Data Obtained

1. For particles size: 0.185 inch

» Fluid Density = 998.2 kg/m’
Table 6: Test #1 Result Particles Movement (0.185 inch)

Annular Velocity (m/s) 20 40

Particle Movement (%) 9 29

¢ Fluid Density = 1198 kg/m’
Table 7: Test #2 Result Particles Movement (0.185 inch)

Annular Velocity (m/s) 20 | 40

Particle Movement (%) 18 37

+  Fiwid Density = 1497 kg/m’
Table 8: Test #3 Result Particles Movement (0.185 inch)

Annular Velocity (m/s)

20

40

60

Particle Movement (%)

30

50

83




2, Particle Size = 0.275 inch

e Fluid Density = 998.2 kg/m’
Table 9: Test #1 Result Particles Movement (0.275 inch)

Annular Velocity (m/s) 20 40

Particle Movement (%) 5 19

»  Fluid Density = 1198 kg/m’
Table 10: Test #2 Result Particles Movement (0.275 inch)

- Annular Velocity (m/s) 20 40

Particle Movement (%) 10 24

e Fluid Density = 1497 kg/m’
Table 11: Test #3 Result Particles Movement (0.275 inch)

Annular Velocity (m/s)

20

40

60

Particle Movement (%)

19

71
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4.3

Result Analysis

4.3.1 Analysis Result Simulation for Particles Size 0.185 inch

g
|
|
|
|
|
|
f

Density = 998.2 kg/m3

Particle 40 |
Mavement 30 }»/
(%) 20

20 40 60
Annular Velocity {m/s)

|
|
|
|

{
g

Figure 16: Particles Movement Test #1 (Particles Size 0.185 inch)

Density = 1198 kg/m3
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Figure 17: Particles Movement Test #2 (Particles Size 0.185 inch)
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Density = 1497 kg/m?3

!
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l Annular Velacity (m/s) ‘

Figure 18: Particles Movement Test #3 (Particles Size 0.185 inch)

4.3.2 Analysis Result Simulation for Particles Size 0.275 inch

Density = 998.2 kg/m?
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Figure 19: Particles Movemient Test #1 (Particles Size 0.275 inch)
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Figure 20: Particles Movement Test #2 (Particles Size 0.275 inch)
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Figure 21: Particles Movement Test #3 (Particles Size 0.275 inch)
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4.3.3 Comparison of Particles Movement for Three Fluid Types

. il ' |
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Figure 22: Comparison Test #1, Test #2, and Test #3 (Particles Size 0.185 inch)
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Figure 23: Comparison Test #1, Test #2, and Test #3 (Particles Size 0.275 inch)
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The final result for tests conducted using ANSYS model was shown in Figure 22 and
Figure 23 above. Both figures represent the relationship between annular velocities for
three different fluids and percentage of particles movement. The graph basically shows
the amount of particles that will be move when certain value of annular velocity was
applied m the pipe. For all types of fluid, the slope show a decreasing pattern when the

annular velocity applied was increased.

For both particles size, the fluid with higher density characteristics showed a better
cleaning result where it causes higher particle movement in the pipe. As example, for
particles size 0.185 inches, when 60m/s velocity was applied, the particle movements
were 51%, 64%, and 83% for fluid density 998.2 kg/m’, 1198 kg/m’®, and 1497 kg/m’.

Particle size also contributes to a percentage of its movement. From the result, it is
shown that it needs a higher annular velocity to transport the larger particles size. For
particle size 0.185 inches and using fluid with density 998.2 kg/m>, it need 40 mys
annular velocity to transport 29% of particles. But for particle size 0.275 inches and
using same fluid density 998.2 kg/m’, annular velocity 40 m/s can only transport 19% of
particles. This proves that for the same fluid density and using same annular velocity,

smaller particles size will be transported higher than larger particles size.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1  Conclusion

The method to investigate the parameters affecting cuttings transport in horizontal well
has been demonstrated in this report. The parameters are annular velocity of fluid,
density of fluid, and cuttings size. The comparisons between the parameters are

simulated using ANSYS and conclusion can be made that:

1. Anmular velocity is the most important parameter in transporting cuttings in
horizontal well. It is demonstrated that higher annular velocity will lead to higher
percentage of cuttings transport.

2. Applications of higher fluid density as a drilling fluid lead to higher particle
transportation in horizontal well.

3. Objective of the project is to model and simulate the cuttings transport
mechanism using various parameters that affect the cuttings transport. From the

result obtained in this project, the objective is achieved.
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5.2 Recommendation

From the result obtained, it is found that the result can be improved if the simulation
process can animate the movement of the cuttings movement. Hence, the proposed
analysis simulation method has demonstrated a workable alternative to study the cuttings
transport mechanism in horizontal well However, further investigation are
recommended in order to improved the quality of the data obtained and accuracy of its
data, exactly equal with the real world situation. Also the model can be improved if there
is a numerical model been de‘.velnped to represent the fluid characteristics such as
turbulent and laminar flow. These characteristics need a lot of calculation to prove and if
the numerical solution can be model, the data and result accuracy will be better. Besides
that, I recommend further study to be conducted in future on the affect of viscosity of
investigate affect of density, future study about viscosity of fluid will strengthen the data
and analysis gained. In addition; more critical and detail explanations can be made to

explain the mechanism of cuttings transportation.
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