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ABSTRACT 

 

 

 

 

Torque and drag arises from the frictional forces which occur between the 

wellbore and the rotating drill string. Among the method to reduce torque and drag is 

by using lubricant. Water based mud (WBM) produced coefficient of friction (CoF) 

higher than oil based mud (OBM) and synthetic based mud (SBM). However, due to 

the environmental concerns, the use of OBM and SBM are restricted that caused the 

industry seeking for ways to improve lubricity of WBM. In this study, Multi Walled 

Carbon Nanotubes (MWCNTs), nanosilica and glass beads with different sizes 90-

150 µm and 250-425 µm were used as lubricants. This study focused on the effect of 

different concentration of MWCNTs, nanosilica and glass beads on the mud 

rheological properties and lubricity of WBM. The CoF for mud without 

nanomaterials and glass beads is 0.238. The optimum concentration of glass beads 

about 4 ppb into the mud gives lower CoF value with torque reduction up to 30%. A 

finer glass bead gives the best performance in improving the lubricity of drilling fluid 

compare to coarse glass beads. The finding shows that the addition of 0.01 ppb of 

nanomaterials contributed to the optimum torque reduction up to 45%. In general, the 

addition of nanomaterials and glass beads at optimum concentration shows the 

reduction on CoF. Hence, the addition of these lubricants in the WBM also gives 

some improvement in the mud rheological properties. 
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ABSTRAK 

 

 

 

 

Daya kilas dan daya seret berpunca daripada daya geseran antara lubang 

telaga dengan rentetan gerudi yang berputar. Antara kaedah yang digunakan untuk 

mengurangkan masalah ini ialah dengan menggunakan pelincir. Lumpur asas air 

(WBM) mempunyai pekali geseran (CoF) yang lebih tinggi berbanding lumpur 

berasaskan minyak (OBM) dan lumpur berasaskan sintetik (SBM). Walau 

bagaimanapun, demi menjaga alam sekitar, penggunaan OBM dan SBM menjadi 

terhad yang menyebabkan industri mencari jalan untuk meningkatkan daya 

pelinciran WBM. Dalam kajian ini, MWCNTs, nanosilika dan butiran kaca dengan 

saiz yang berbeza iaitu 90-150 μm dan 250-425 μm telah digunakan sebagai pelincir. 

Kajian ini menumpukan untuk menganalisis nilai kepekatan MWCNTs, nanosilika 

dan butiran kaca pada sifat reologi lumpur dan perbandingan tahap kelinciran pada 

WBM. Nilai CoF untuk sampel tanpa nanopartikel dan butiran kaca adalah sebanyak 

0.238. Penambahan kepekatan optima butiran kaca sebanyak 4 ppb memberi nilai 

CoF yang rendah dengan penurunan nilai pekali geseran sebanyak 30%. Butiran kaca 

bersaiz kecil memberikan prestasi yang lebih baik dalam meningkatkan tahap 

kelinciran berbanding butiran kaca bersaiz besar. Keputusan mendapati, penambahan 

kepekatan nanopartikel sebanyak 0.01 ppb menyumbang kepada penurunan nilai 

pekali geseran sehingga 45%. Secara umum, penambahan nanopartikel dan butiran 

kaca pada kepekatan optima menunjukkan pengurangan pada COF. Oleh itu, 

penambahan pelincir pada WBM memberi kesan yang baik terhadap beberapa 

pembaikan dalam sifat reologi lumpur. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 
 
 

 

 

1.1  Background of Study 

 
 

Directional drilling and extended reach drilling have been used widely since the 

world’s constraints need of crude oil where the operators keep thinking the ways to 

produce the hydrocarbon up to the surface. Challenges to maximize the full potential 

from maturing fields to meet today’s ever increasing production targets has seen a 

warranted reappearance in Extended Reach Drilling (ERD) in many locations 

worldwide. Directional drilling is a process of directing the wellbore along some 

trajectory to a predetermined target. ERD has evolved from a simple directional drilling 

to horizontal, lateral, and multi lateral step outs. ERD includes both directional and 

horizontal well departures and total vertical depth to deviation ratios beyond the 

conventional experience of a particular field (Schamp et. al. 2006). 

 

Apart from that, the torque and drag becoming the major issues in succeeding the 

extended reach drilling. Torque and drag arises from the frictional forces which occur 

between the well bore and tubular, and the bit/ stabilizer. The frictional forces are 

dependent upon the coefficient of friction and contact loads between two surfaces. As a 

solution, the management of torque and drag become crucial part of both well 

operations. 
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Analysis of torque and drag from historic well has indicated that friction factors 

can be simplistically grouped based on the type of mud (i.e., mineral oil, synthetic oil or 

water based) and the type of surfaces in contact i.e. cased hole or open hole (Aston et. al. 

1998). Finding the best technique for torque and drag reduction becomes critical as more 

fields require extended reach drilling. Many different techniques have been used to 

reduce torque and drag. One of the methods is using lubricants, either chemical liquid or 

solid particles. 

 

In the last few years, increasingly strict environmental legislation imposed in 

many parts of the world has changed the choice of chemistries utilised for water based 

fluid lubricants. However, the use of water based mud (WBM) for drilling operation 

could be unfavourable because of their high coefficient of friction (CoF). Torque and 

drag arises from the frictional forces which occur between the wellbore and drill bit. Oil 

based mud (OBM) and synthetic based mud (SBM) generally produces CoF that are 

lower and better wellbore stabilizing characteristic than those produced by WBM but it 

can cause significant environmental damage.  

 

Instead of using OBM and SBM is severely limited by environmental concerns, 

lubricants are often used to reduce the inherent CoF of a drilling fluid. These indicate 

that a wide range of lubricants types can be effective in WBM. Lack of lubricant during 

drilling will cause higher friction between the drill bit with the borehole, thus increase 

the power usage to rotate the bit and will increase the drilling operation cost.  

 

Due to totally different and highly enhanced physio chemical, electrical, thermal, 

hydrodynamic properties and interaction potential of nanomaterials compared to their 

parent materials, the nanomaterial are considered to be the most promising material of 

choice for smart fluid design for oil and gas field application. Water based nano fluids 

developed using several commercial nano materials to overcome the challenges 

associated with conventional drilling fluids. In addition, the natures of nanomaterial 

which is very fine but have very high specific surface area with enormous area 
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interactions just need very low concentration of nanomaterials to provide great 

enhancement in fluid properties (Amanullah et. al. 2011). 

 

Mud lubricity also can be improved by using lubricants. These lubricants can be 

solids or liquids. Solid lubricants such as beads act much like ball bearing. These 

materials interfere with the contact surfaces without bonding to them. Because they do 

not bond, the performance of these lubricants is usually independent of mud type. For 

the liquid lubricants, it form a film that is thick enough to mask surface, their 

performance tends to depend on their concentration since they compete with either 

surface active component in the drilling mud (Bloemendal, 1978).  

 

Research is currently aimed to developing environmentally safe and non toxic, so 

WBM will have better lubricant and better hole cleaning properties with adding small 

amount of lubricant. There are many parameters have been studies in order to produce 

minimum CoF value in drilling operations such as the different types and sizes of 

additional lubricant into based mud and rate of concentration. 

 

 

 

 

1.2  Problem Statement 

 

 

WBM produce higher CoF compared to OBM and SBM and generally produce 

increase the wear rates in the wellbore. However, the advantage of WBM is due to low 

toxicity compared to OBM. Lubricants are used to reduce the friction which is by 

mixing with the drilling fluids (Growcock et. al. 1998). CoF is one of the drag forces 

which is the force of friction between the drill string and wellbore. Lower CoF denotes 

good lubricity of a fluid (Kercheville, 1986). The drag force can cause several problems 

such as energy losses to the wall due to excessive pump pressure, limited flow and 

excessive stress on downhole equipment. 
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Nanotechnology seems to have a great potential in oil industry especially in 

drilling application. Many researches on nano based drilling fluid have done to deal with 

wellbore problems such are wellbore instability, emulsion instability and HTHP 

applications. Recent research have demonstrated that, nanofluids have attractive 

properties for application where heat transfer, drag reduction, binding ability or sand 

consolidation, gel formation, wettability alteration, and corrosive control is of interest 

(Phuoc et. al. 2007). 

 

The potential to make tailored made particles with custom made behavior is also 

going to play an important role in superior nano based fluid formulation. Hence, the 

application of nano-based fluid additives in formulating high performance water based 

mud systems has the potential to overcome the current as well as future technical 

challenges especially in HTHP condition (Amanullah et. al. 2011). 

 

Friction reducers can be divided into two types: liquids and solid particles. One 

solid lubricant is treated graphite powder where the graphite has a lamellar structure 

whose planes are coupled by weak van der Waal bonds. When expose to tension, these 

layers part and reduce the friction. Beads have been applied to reduce friction that 

functioned as a ball bearing. Large polymer beads are already available commercially 

for use as friction reducers in drilling mud. The glass beads are chemically inert and do 

not affect the mud properties, except a negligible increase in viscosity and very slight 

decrease in 10 minute gel. Liquid lubricants, form a film that is thick enough to mask 

surface roughness and strong enough to withstand high compression forces (Skalle et. 

al.1999). 

 

The lubricant used in this experiment is solid lubricants, namely glass beads, 

nanosilica and multi walled carbon nanotubes (MWCNTs). Glass beads move to 

produce a planar ball or roller bearing effect in the mud to keep the metal to metal or 

metal to rock interface from occurring (Schamp et. al. 2006). Besides, the solids 

movement minimizes the frictional forces between them. Thus, this research work was 

conducted to examine the effect of glass beads size and concentration on the lubricity of 
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water based mud. Besides that, the friction reduction will be reducing by adding the 

nanomaterials like nanosilica and MWCNTs as a lubricant. It is believed that 

nanomaterials can produce lower value of coefficient of friction even it is used with only 

low concentration. However, there is no longer an experiment conducted to determine 

the coefficient of friction by using these nanomaterials. 

 

 

 

 

1.3  Objectives of Study: 

 

 

The objectives of the study are as follows: 

 

1. To determine the effect of nanomaterials and glass beads on drilling fluid 

properties. 

2. To evaluate the effect of nanomaterials and glass beads on the lubricity of 

water based mud. 

 

 

 

 

1.4  Scopes of Study: 
 

 

The scopes of study are as follows: 

 

1. Preparation of water based mud as the base mud, and mud with 

nanomaterials and glass beads. 

2. Measurement of drilling fluid properties. 

3. Determine the coefficient of friction (CoF) of base mud and mud with 

nanomaterials and glass beads for comparison. 

4. Evaluate the effect of different concentrations of nanomaterials and glass 

beads used in drilling fluids to the lubricity. 

5. Comparison of the different size of glass beads to be used in the mud. 
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