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ABSTRACT 

Drilling in carbonate rock is quite challenging due to the presence of a naturally 

fractured zone and a vug porosity system, both of which can cause lost circulation. 

These losses could make hole cleaning more problematic. The lack of a hole cleaning 

parameter in the Bourgoyne and Young (B&Y) model for drilling rate prediction, as 

well as multicollinearity in the regression process, causes the model to be inaccurate, 

especially when applied to carbonate rock drilling. Therefore, the study aims to improve 

ROP prediction accuracy in loss zones of carbonate formation by modifying the B&Y 

model based on loss severity levels by including cutting transport ratio (RT) parameter 

and eliminating multicollinearity parameters. The RT parameter was proposed from a 

relationship between equivalent circulating density (ECD) and drilled solid 

concentrations at different formations through experimental analysis and field data. The 

experimental analysis was conducted by taking the drilled solid samples from four 

formations, namely Radhuma, Tayarat, Hartha and Sadi in North Kuwait onshore field. 

The rheological behaviour of the drilled solids-laden mud was conducted according to 

API Recommended Practice 13B. As a result of the laboratory tests and actual field 

data, new empirical equations between drilled solid concentration and equivalent 

circulating density were proposed. ECD from laboratory works matched with the ECD 

field at an R2 value of 0.93, proving the data’s reliability. For model development, 80 

drilling datasets from the North Kuwait field were used, and another 38 datasets were 

used for model verification. The modified model can improve the model accuracy about  

29-31% and accurately predicted the ROP with a mean absolute error (MAE) of 3.21%, 

4.08% and 3.50% for seepage loss, partial loss and severe loss, respectively and 

outperformed all the existing four ROP models. The modified model's application to 

other field location data resulted in model improvement about 37% using Kinabalu 

East-1 field data and substantial R2 value of 0.996 using Khangiran Iranian gas field 

data. Finally, the modified model can be used as a tool for drilling optimization and can 

reduce drilling costs and time by around 7% and 19%, respectively. 

 

 



v 

ACKNOWLEDGEMENT 

Alhamdulilah. Firstly, I wish to thank Allah S.W.T for allowing me to embark on my 

PhD and successfully complete this challenging journey within the stipulated time.  

My gratitude and thanks go to my main supervisor, Dr. Putri Nadzrul Faizura Megat 

Khamaruddin for her unwavering support and great patience at all times. This thesis 

would not have been possible without her support, guidance, and invaluable statistical 

analysis and thesis management knowledge. My appreciation goes to my co-supervisors 

Assoc. Prof. Dr. Sonny Irawan, Assoc. Prof. Dr. Syahrir Ridha, and Mr. Imros Kinif for 

their encouragement and comprehensive advice until this work came to existence, 

especially on drilling operation aspects.  

My appreciation also goes to School of Chemical Engineering, College of Engineering, 

Universiti Teknologi MARA (UiTM) and Mobility Department, Centre for Student 

Development (CSD), Universiti Teknologi PETRONAS (UTP), who provided the 

facilities for completing this research work. A million thanks to Ministry of Higher 

Education (MOHE) Malaysia under SLAB scholarship (2018 – 2021), Universiti 

Teknologi MARA and GPK grant (600-RMC/GPK5/3(238/2020) for the financial 

support. Thank you to Ms. Hilmayeni Suardi, Senior Technologist in Drilling Fluid  

Laboratory, UTP who helped me with the drilling fluid equipment. Thank you also to 

other laboratory technologists/ assistant engineers in UiTM such as Ms. Nurul Wahida 

Aziz, Mrs. Azizan Din, Mr. Mohd Nazmi Mohd Mukelas, Mr. Mustaffa Mokhtar, Mr. 

Mohd Khairi Yusof and Tc. Mohd Rizuan Razlan for their assistance in the 

experimental process of this study. Special thanks also goes to the co-authors of paper 

publication such as Dr. Sherif Abdulbari Ali, Dr. Wan Zairani Wan Bakar and Mr. 

Mohd Aswade Ali for the support and ideas on data analysis. Special thanks to other 

laboratory and administrative staffs of School of Chemical Engineering, College of 

Engineering, UiTM,  Institute of Science, UiTM, Drilling Fluid Laboratory, UTP, 

Bahagian Kemajuan Kerjaya, Postgraduate Office of COE, colleagues and friends 

(especially to GT sisters) who helped me out with this PhD life.  

Finally, this thesis is dedicated to my lovely husband, Muhammad Redzuan Razali for 

his patience and continuous support throughout my PhD journey. Thank you for 

brightening my view when all I could see was darkness. A lovely thank to my happy 

kids, Dhiya Ramadhani, Khayla Inara and Yusoff Rayyan for always cheering me 

up when times are tough. Not to forget my dear parent and parent-in law, Hj. Sauki Mat 

Hasan, Hjh Azariah Ahmad, Hj. Razali Yasin and Hjh Sapiah Harun for their prayers, 

vision and determination to educate me on completing the thesis. Special thanks also to 

my siblings (Along, Aqilah & Amirah) and in-laws for the lovely support and always 

being there for me during this difficult time. This piece of victory is dedicated to all of 

you. Alhamdulilah ♥♥♥.. 

 

 



vi 

TABLE OF CONTENTS 

 Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR’S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES x 

LIST OF FIGURES xii 

LIST OF SYMBOLS xvi 

LIST OF ABBREVIATIONS xviii 

LIST OF NOMENCLATURE xix 

CHAPTER ONE INTRODUCTION 1 

1.1 Overview of the rate of penetration (ROP) as a tool for drilling optimisation 1 

1.2 Bourgoyne and Young model as the base rate of penetration model of choice 2 

1.3 Problem Statement 4 

1.4 Objectives 5 

1.5 Scope of work 5 

1.6 Significance of study 8 

1.7 Thesis Outline 8 

CHAPTER TWO LITERATURE REVIEW 10 

2.1 Introduction 10 

2.2 Overview of ROP Model Research 10 

2.3 The Theory of B&Y Model 13 

2.3.1 Effect of Formation Strength (𝑓1) 14 

2.3.2 Effect of Depth and Compaction (𝑓2) 14 

2.3.3 Effect of Pore Pressure (𝑓3) 14 

2.3.4 Effect of Differential Pressure (𝑓4) 15 

2.3.5 Effect of Drillbit Diameter and WOB (𝑓5) 15 




