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Introduction  

Drilling optimization is the “process of designing equipment and selecting operational parameters 

to minimize the well drilling cost”. Thus, the rate of penetration (ROP), defined as the volume of 

rock removed expressed as depth per time unit, is a key metric to measure drilling performance.  

Although a high ROP is considered as a good metric to measure drilling efficiency and 

performance, drilling faster can affect cutting transport and lead to the bore hole instability issues 

and poor hole cleaning. It varies from the rock type being drilled, so it can give an idea of bit wear.  

Therefore, oil and gas companies look for high ROP values while operating in safety standards. 

Generally, the ROP optimization endeavour depends on dynamic and static drilling parameters. 

Dynamic parameters can be the controllable weight on bit (WOB), rotary speed (RPM), torque [T) 

or the uncontrollable ones, whether the driller can alter it manually during operations or not. Static 

parameters include formation properties such as compressive strength and formation pressure 

among other things.  

The motivation of this work is to implement a tool (numerical code) that can automatically improve 

the drilling efficiency by maximizing the ROP. This code will provide the dynamic controllable 

parameters to achieve the desirable ROP and therefore save drilling costs.  

The goal is therefore to maximize the Rate of Penetration and in order to achieve a good modelling, 

it is important to have an accurate model to predict the values to be optimized 

The project can be summarized in the following tasks: 

 Clean and process all dataset. 

 Realize Machine Learning Models. 

 Implement Machine Learning Algorithms in the dataset. 

 Evaluate Machine Learning Models Performance. 
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I.1 Drilling Optimization History 
The concept of rotary drilling originated in the beginning of the year 1900. The development 

of rotary drilling can be divided into four distinct periods: conception period 1900 to 1920, 

development period 1920 to 1950, scientific period 1950 to 1970, and automation period which 

began in 1970. The conception period the rotary drilling principle marked the usage of cementing 

methods, rotary bits, drilling fluids and casing installations. In 1950s the scientific period took 

place with expansion in drilling research, better understanding of the hydraulic principles, 

significant improvements in bit technology, improved drilling fluid technology and most important 

of all optimized drilling. After 1970s rigs with full automation systems, closed-loop computer 

systems, with ability to control the drilling variables started to operate in oil and gas fields.[1] 

Figure 1 gives the time line of drilling optimization history. One of the first attempts for the 

drilling optimization purpose was presented in the study of Graham and Muench in 1959.[2] They 

analytically evaluated the weight on bit and rotary speed combinations to derive empirical 

mathematical expressions for bit life expectancy and for drilling rate as a function of depth, rotary 

speed, and bit weight. In 1963 Galle and Woods [3] produced graphs and procedures for field 

applications to determine the best combination of drilling parameters. One of the most important 

drilling optimization studies performed was in 1974 by Bourgoyne and Young [4]. They proposed 

the use of a linear drilling penetration rate model and performed multiple regression analysis to 

select the optimized drilling parameters. They used minimum cost formula, showing that 

maximum rate of penetration may coincide with minimum cost approach if the technical 

limitations were ignored. 

In the mid-1980s operator companies developed techniques of drilling optimization in which 

their field personnel could perform optimization at the site referring to the graph templates and 

equations. In 1990s different drilling planning approaches were brought to surface. New 

techniques identified the best possible well construction performances [5]. 
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Figure 1: The time line of drilling optimization history [1] 

I.2 rotary drilling process: 
In rotary drilling the rock is bored using a cutting tool called the bit, which is rotated and 

simultaneously forced against the rock at the bottom of the hole by a drill string consisting of 

hollow steel pipes of circular section screwed together. The cuttings produced by the bit are 

transported up to the surface by a drilling fluid, usually a liquid (mud or water), or else a gas or 

foam, circulated in the pipes down to the bit and thence to the surface [6]. 

The rotation is transmitted to the bit from the surface by a device called the rotary table or, 

in the modern rigs, by a top drive motor with the rotary table as backup, additional rotation can be 

added by downhole motors located directly above the bit. After having drilled a certain length of 

hole, in order to guarantee its stability, it has to be cased with steel pipes, called casings, joined 
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together by threaded sleeves. The space between the casing and the hole is then filled with cement 

slurry to ensure a hydraulic and mechanical seal [6]. 

The final depth of the well is accomplished by drilling holes of decreasing diameter, 

successively protected by casings, likewise of decreasing diameter, producing a structure made up 

of concentric tubular elements [6]. 

I.3 drilling rig: 

Is designed to drill by applying rotation to the drilling head driven by hydraulic oil pressure, 

which eventually drives the drilling string to rotate. Bits like roller, alloyed bit and short bits are 

used [7]. 

 

Figure 2: Rotary drilling rig [8] 
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 Drilling string: The drill string means the tubular and the accessories used to run the drill 

bit to the bottom. The drill string is composed of drill pipe, heavy weight drill pipe, drill collars 

and other components like stabilizers and drilling jars. 

There are many functions of the drill string among them: 

- Suspend the drill bit. 

- Transmit the rotary motion from the Kelly or top drive to the drill bit. 

- Provide a flow path to circulate drilling fluids.[9] 

 

Figure 3: Components of the drill string [10] 

 Drill bit: The cutting or boring element used in drilling oil and gas wells. Most bits used 

in rotary drilling are roller-cone bits. The bit consists of the cutting elements and the circulating 

element. The circulating element permits the passage of drilling fluid and uses the hydraulic force 

of the fluid stream to improve drilling rates.[11] 
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Figure 4: Drill bit [11] 

 Drill Collars: A heavy, thick-walled tube, usually steel, used between the drill pipe and 

the bit in the drill stem. It is used to put weight on the bit so that the bit can drill.[11] 

 

Figure 5: Drill collars DC [11] 
 Drill Pipe: The heavy seamless tubing used to rotate the bit and circulate the drilling fluid. 

Joints of pipe 30 feet long are coupled together with tool joints [11]. 

 

Figure 6: Drill pipe [11]. 
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Kelly: The Kelly has a square or hexagonal cross-section and provides the rotation of the 

drillstring. Because the Kelly is made of high quality, treated steel, it is a flashy part of the 

drillstring. Thus, to prevent the Kelly from excessive wear caused by making and breaking 

connections, a Kelly sub is mounted at the bottom end of it. To prevent backward flow of the mud 

in case of a kick, a Kelly cock providing a backflow restriction valve is often mounted between 

Kelly and swivel [12] 

 

Figure 7: Kelly [13] 

I.4 mud circulating system: 

The drilling fluid circulating system is like a close loop electric circuit through which drilling 

fluid can travel from the surface to all the way downhole and back to its initial point (mud pit).[14] 
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Figure 8:Mud circulating system [14] 
Drilling fluid goes from the mud pits to main mud pump, and then major components 

including surface piping, standpipe, Kelly hose, swivel, Kelly, drill pipe, drill collar, bit nozzles, 

the various annular, flow line, mud control equipment, mud tanks, and again the mud pit/mud 

pump (Figure I.8). 

The rock cuttings must be removed from the borehole to allow drilling to proceed. This is 

done by pumping drilling fluid down the drill-string, through the bit and up the annulus.[15] 

The cuttings are then separated from the mud, which is then recycled. The circulating system 

(i.e. drilling fluid) also enables to clean the hole of cuttings made by the bit; to exert a hydrostatic 

pressure sufficient to prevent formation fluids entering the borehole, and to maintain the stability 

of the hole by depositing a thin mud-cake on the sides of the hole.[14] 
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I.5 recording drill data (mud logging):  

Real-time drilling parameters that may be compiled include: rate of penetration (ROP), pump 

rate (quantity of fluid being pumped), weight on bit, rotary speed, rotary torque, RPM (Rotation 

Per Minute), mud weight and mud viscosity. These informations are usually obtained from mud 

logging unit by attaching monitoring devices to the drilling rig equipment with a few exceptions 

such as the mud weight and mud viscosity which are measured by the derrick hand or the mud 

engineer. 

 A mud logging unit: is installed on the rig when geologic information must be retrieved 

on a timely basis. If the formations drilled are not well known or if a specific geologic horizon is 

targeted, mineralogical data from cuttings brought to the surface with the mud might be essential 

[15]. mud logging units can discover and evaluate oil & gas reservoirs rapidly, provide complete 

drilling parameters and monitor toxic gases, thus ensuring drilling safety, enhancing drilling 

efficiency and reducing operation cost.[16] 

 Mud logging services: is the creation of a detailed record (well log) of a borehole 

operation by examining the cuttings of rock brought to the surface by the circulating drilling 

medium.[17] Is provides subsurface geological information while drilling a well. Mud logging 

examines and analyzes geological information contained in formation cutting and drilling mud, to 

determine if oil and gas are encountered during well drilling. Mud logging also provides critical 

safety function such as determine pore pressure, kick control and ambient gas monitoring.[18] 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Mud logging unit [19] 

https://www.tls-containers.com/pressurised-container.html
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Mud loggers connect various sensors to the drilling apparatus and install specialized 

equipment to monitor or "log" drill activity. This can be physically and mentally challenging, 

especially when having to be done during drilling activity. Much of the equipment will require 

precise calibration or alignment by the mud logger to provide accurate readings. 

Mud logging requires a good deal of diligence and attention. Sampling the drilled cuttings 

must be performed at predetermined intervals, and can be difficult during rapid drilling [20]. 

Mud logging totally depends upon the mud circulation principle in well which is going to drill 

(figure 10). 

 

Figure 10: Record drill data process [21] 

I.6 drilling parameters: 

The parameters recorded for drilling optimization are critically important to be 

representative of data they are meant to reflect. The brief description of the drilling parameters is 

deemed necessary to be explained.[22] 

Depth: The value of depth, in other means the bit position is input in the MLU. The operator 

is the responsible for that; usually it is linked to the position of the block, by means of the sensors 

located at the crown block.[22] 
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Weight on bit (WOB): It is the abbreviation for “Weight on Bit”. It represents amount of 

weight applied onto the bit, that is then transferred to the formation which in turn is the energy 

created together with string speed that advances drill string. It is measured through the drilling 

line, usually by means of having attached a strain-gauge which measures the magnitude of the 

tension in the line itself, and gives the weight reading based on the calibration. This sensor 

measures a unique value, which is the overall weight (Hook-load) of the string including the weight 

of the block and Top Drive System (TDS). For all of these circumstances correct calibration is 

required in order to have proper reading for this drilling parameter.[22] 

RPM: This parameter stands for “revolution per minute”. It represents the rotational speed 

of the drill string. With the invention of TDS; the reading is directly linked to the electronics of 

the unit itself. It is considered that the measurements for this parameter are accurate as long as the 

acquisition system set-up has been thoroughly made up.[22] 

 

Figure 11: Frequency sensor of RPM [23] 
ROP: This parameter is the most important parameter, since all of the calculations in this 

study are based on estimations of Rate of Penetration (ROP). It is measured through the relative 

change of the position of the bit in time. Accurate calibrations are very important in order to have 

a representative ROP parameter.[22] 

Torque: This parameter is the torque of the drill string while it is rotating. It is measured by 

means of TDS systems. Previously the readings for this parameter were relative. This parameter 

is going to be significantly important for inclined and highly deviated wellbores, which is also 

related with the wellbore cleaning issues.[22] 
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Figure 12: Frequency sensor of torque [23] 

Fluid Properties: Rheological properties and the density of the drilling fluids are also 

among the very important parameters to be recorded for optimization purposes. Usually, the 

drilling fluid density is measured through calibrated MW sensors. Rheological properties on the 

other hand are still measured manually. Recent developments in regards to real-time pipe 

viscometers dictate alternative solutions. Continuous real-time viscometer probes placed on the 

flow line (which are reportedly under development) could facilitate data acquisition over the 

rheological properties of drilling fluids in real-time.[22] 

LWD: Logging While Drilling, information related parameters could be captured during 

drilling and be used in the optimization process.[22] 

Pump Parameters: The pump parameters are composed of the liner size in use, pump 

strokes, and the pump pressure. In case there are two pumps working simultaneously all of the data 

for two of the pumps should be acquired. With the electric pumps the stroke is transmitted in the 

same way as RPM. The pressure at the pump in case of having been acquired could be compared 

with the reliability of the standpipe pressure. Pump pressure should always be greater than the 

standpipe pressure. Use of flow meters could also be adapted for accurate flow rate 

measurements.[22] 

Mud flow rate: In order to lubricate and cool down the bit under drilling process, a 

mixture of additives mixed in water or oil, which, respectively, is called water-based and oil-based 

drilling mud, is pumped through the drill pipe down to the bit. Drilling mud also cleans up the 

bottomhole by transporting the cuttings up to the surface. It also helps penetration rate as it passes 

bit nozzles and penetrates the rock as a water jet system. Mud flow rate is often expressed in 

gallons per minute (g/m) [24]. 
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I.7  Factors Affecting Rate of Penetration: 

The factors which affect rate of penetration are exceedingly numerous and perhaps 

important variables exist. Which are unrecognized up to this time [25].  

The factors known to have an effect on rate of penetration are listed under two general 

classifications such as controllable and environmental. Controllable factors are the factors which 

can be instantly changed such as weight on bit, bit rotary speed, hydraulics. 

Environmental factors on the other hand are not controllable such as formation properties, 

drilling fluids requirements. The reason that drilling fluid is considered tobe an environmental 

factor is due to the fact that a certain amount of density is required in order to obtain certain 

objectives such as having enough overpressure to avoid flow of formation fluids. Another 

important factor is the effect of the overall hydraulics to the whole drilling operation which is 

under the effect of many factors such as Lithology, type of the bit, down hole pressure and 

temperature conditions, drilling parameters and mainly the rheological properties of the drilling 

fluid [26]. 

Rate of penetration performance depends and is a function of the controllable and 

environmental factors. It has been observed that the drilling rate of penetration generally increases 

with decreased of Equivalent Circulating Density (ECD).Another important term controlling the 

rate of penetration is the cuttings transport. Ozbayogluet al.,(2004) [27], conducted extensive 

sensitivity analysis on cuttings transport for the effects of major drilling parameters, while drilling 

for horizontal and highly inclined wells. It was concluded that average annular fluid velocity is the 

dominating parameter on cuttings transport, the higher the flow rate the less the cuttings bed 

development. 

One of the most important considerations in order to have an efficiently cutting transported 

hole is to take into account the factors given in table. 1[28] 

Table 1: Factors for efficient hole cleaning [28] 

1 Hole angle 

2 Fluid Velocity 

3 Fluid Properties (rheological properties and density) 

4 Cuttings Size, shape, and concentration 

5 Annular size 

6 Rate of pipe rotation and pipe eccentricity 
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7 Fluid flow regime (laminar or turbulent) 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter II: 

Artificial intelligence 

 



Chapter II:                                                                            Artificial intelligence 
 

 
16 

 

II.1 History: 

Artificial Intelligence (AI) has found extensive usage in simplifying complex decision-

making procedures in practically every competitive market field, and oil and gas upstream industry 

is no exception to it. AI involves the use of sophisticated networking tools and algorithms in 

solving multifaceted problems in a way that imitates human intellect, with the aim of enabling 

computers and machines to execute tasks that could earlier be carried out only through demanding 

human brainstorming. Unlike other simpler computational automations, AI enables the designed 

tools to learn” through repeated operation, thereby continuously refining the computing 

capabilities as more data is fed into the system. 

Over the years, AI has led to significant designing and computation optimizations in the 

global Petroleum Exploration and Production (E&P) industry, and its applications have only 

continued to grow with the advent of modern drilling and production technologies. Tools such as 

Artificial Neural Networks (ANN), Generic Algorithms, Support Vector Machines and Fuzzy 

Logic have a historic connection with the E & P industry for more than 16 years. Now, with the 

first application dated in 1989 for development of an intelligent reservoir simulator interface, and 

for well-log interpretation and drill bit diagnosis through neural networks. Devices and software 

with basis from the above mentioned AI tools have been proposed to abridge the technology gaps 

hindering automated execution and monitoring of key reservoir simulation, drilling and 

completion procedures including seismic pattern recognition, reservoir characterization and 

history matching, permeability and porosity prediction, PVT analysis, drill bits diagnosis, overtime 

well pressure-drop estimation, well production optimization, well performance projection, well/ 

field portfolio management and quick, logical decision making in critical and expensive drilling 

operations[29]. 

II.2 definition: 

Artificial intelligence (AI) is a branch of computer science that in its broadest sense would 

mean the ability of a machine to perform or in an attempt to mimic the operations of human brains 

or human thought, understand and apply thinking methodologies. It is an approach of solving 

engineering difficulties with the ability to consider all effective parameters simultaneously. The 

central principles of AI include reasoning, knowledge, planning, learning, communication, 

perception and the ability manipulate objects.[29] 
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Figure 13: A clear visualization of overlapping Artificial Intelligence related terminology [30] 

 

II.3 Artificial intelligence subfields: 

II.3-1 Machine learning: Machine learning is a subset of artificial intelligence, it is 

the science of getting computers to act without being explicitly programmed, and is mostly just 

statistics. Machine learning is used to find patterns in data that you can then make predictions on. 

It can be subdivided into supervised learning and unsupervised learning or some mixture of 

both[31]. 
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Figure 14: Machine learning classification [32] 

Machine learning is a computer program said to learn from experience ‘E’ with respect to 

some class of tasks ‘T’ and performance measure ‘P’, if its performance at tasks in ‘T’, as measured 

by ‘P’, improves with experience ‘E’ [31]. 

 

II.3-2 Natural Language Processing:  

Natural-language-processing software package use AI to let a user to communicate with a 

computer in the user's natural language. The computer can both recognize and reply to instructions 

given in a natural language. The penalty area of Natural Language Processing (NLP) is to plan and 

construct a computer system that will investigate, recognize, and produce natural human-languages 

[31]. 
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Figure 15: Applications of NLP [33] 

 

II.3-3 Robotics: 

Robotics is the area of Artificial Intelligence technology most pretty to the community. In 

fact, robotics could be the area where AI can be supreme beneficial to mankind. It includes 

mechanical, generally computer-controlled devices to accomplish tasks that necessitate extreme 

accuracy or monotonous or dangerous work by people [31]. 

II.3-4 Fuzzy Logic: 

 is a technique that represents and modifies uncertain information by measuring the degree 

to which the hypothesis is correct. Fuzzy logic is also used for reasoning about naturally uncertain 

concepts. Fuzzy logic is convenient and flexible to implement machine learning techniques and 

assist in imitating human thought logically [31]. 

It is simply the generalization of the standard logic where a concept exhibits a degree of truth 

between 0.0 to 1.0.  If the concept is completely true, standard logic is 1.0 and 0.0 for the 

completely false concept. But in fuzzy logic, there is also an intermediate value too which is 

partially true and partially false. 
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Figure 16: Fuzzy logic system [34] 

II.3-5 Expert system: 

 refers to a computer system that mimics the decision-making intelligence of a human expert. 

It conducts this by deriving knowledge from its knowledge base by implementing reasoning and 

insights rules in terms with the user queries. 

The effectiveness of the expert system completely relies on the expert’s knowledge 

accumulated in a knowledge base.  The more the information collected in it, the more the system 

enhances its efficiency. For example, the expert system provides suggestions for spelling and 

errors in Google Search Engine [31]. 

II.4 Machine learning for oil field: 

ML techniques helped in reducing the risks associated with drilling wells. The original 

application was developed in 1989, it utilized neural networks for the progress of drill bit 

diagnostics, well-log interpretation, monitoring of important drilling and completion operations 

and reservoir simulation including seismic pattern recognition, reservoir characterization and 

history matching, permeability and porosity prediction, PVT analysis, well pressure-drop 

assessment, production optimization, well performance prognosis, well / field portfolio 

management. Well construction is carried out on the base of project documentation, and the 

accuracy of project data has a considerable influence on the technical and economic success of 

drilling, along with its environmental safety and prevention of accidents. In many situations, 

drilling design is based on past data and experience. However, this seems to be ineffective with 
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depleted reservoirs and complex geology and that is where machine learning is utilized. By setting 

up quick responses of protection procedures and failure identification or self-learning on well 

design tools, the chances of drilling success could increase achieving lower cost per foot.  

Developed an ML algorithm to calculate alarm thresholds, adapted in real time, to find anomalies 

in mud volume and flow rate data throughout the entire drilling process. This methodology 

contributed to early lost circulation detection and helped minimized cumbersome false alarms. NN 

replicated directional drillers’ expertise to minimize tortuosity and deviation from planned 

wellbore trajectory while maximizing ROP with less than 3% error. System automation using data 

from sensors and control algorithms aims at reducing human error, promoting safety of personnel 

and improving productivity and efficiency, and drilling parameter optimization. If a parameter 

diverts from the specified range, the system corrects set points to bring he parameter back into 

range. One example of such technology was the improvement of rate of penetration (ROP), 

established a closed loop system which checked real-time drilling operations for ROP 

maximization through weight on bit (WOB) and RPM set point adjustment for ROP optimization. 

Several ML algorithms can be used to obtain drilling parameters’ trend analysis, detect abnormal 

events throughout different drilling phases, and accordingly suggest corrective measures.[35] 

 

Figure 17: Machine learning process [36] 
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III.1 Definition: 

 is a component of a wider process called “knowledge discovery from data base”. It involves 

scientists and statisticians, as well as those working in other fields such as machine learning, 

artificial intelligence, information retrieval and pattern recognition. 

III.2 CRISP-DM: 

Any good project starts with a deep understanding of the problem initially and followed by 

providing an efficient and effective solution to resolve the business issues. In typical analytics 

projects which involve multiple steps like data cleaning, preparation, modeling, and model 

evaluation, a framework for recording experience and is needed to allow projects to be replicated. 

CRISP-DM stands for Cross Industry Standard Process for Data Mining and is an open-source 

and widely used methodology created to shape Data Mining projects. This comprehensive 

methodology provides anyone with a complete blueprint for conducting a data mining project. The 

process breaks down the lifecycle of a data mining project into six phases to encourage best 

practices and help to obtain better results overall.[37] (Figure 36) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: CRISP-DM overview and how a data mining project breaks into six phases to 

obtain better results [37] 
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The six phases of CRISP-DM include: 

1) Business Understanding: In this step, the goals of the businesses are set and the 

important factors that will help in achieving the goal are discovered. 

2) Data Understanding: This step will collect the whole data and populate the data in the 

tool (if using any tool). The data is listed with its data source, location, how it is acquired and if 

any issue encountered. Data is visualized and queried to check its completeness. 

3) Data Preparation: This step involves selecting the appropriate data, cleaning, 

constructing attributes from data, integrating data from multiple databases. 

4) Modeling: Selection of the data mining technique such as decision-tree, generate test 

design for evaluating the selected model, building models from the dataset and assessing the built 

model with experts to discuss the result is done in this step. 

5) Evaluation: This step will determine the degree to which the resulting model meets the 

business requirements. Evaluation can be done by testing the model on real applications. The 

model is reviewed for any mistakes or steps that should be repeated. 

6) Deployment: In this step a deployment plan is made, strategy to monitor and maintain 

the data mining model results to check for its usefulness is formed, final reports are made and 

review of the whole process is done to check any mistake and see if any step is repeated. 

CRISP-DM model is an idealized sequence of events that creates a long-term strategy by 

structuring a basic and simple but still “good enough” model during the first iteration and improved 

the model in further iterations. Following CRISP-DM guidelines, a leading approach for managing 

data mining and predictive analytic for big data [37]. 

III.3 Data-mining process: 

 Before a data set can be mined, it first has to be “cleaned”. This cleaning process removes 

errors, ensures consistency and takes missing values into account. Next, computer algorithms are 

used to “mine” the clean data looking for unusual patterns. Finally, the patterns are interpreted to 

produce new knowledge. 
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The data mining process is divided into two parts. Data Preprocessing and Data Mining. Data 

Preprocessing involves data cleaning, data integration, data reduction, and data transformation. 

The data mining part performs data mining, pattern evaluation and knowledge representation of 

data.[38] 

 

Figure 19: Data mining process [39]. 
Data Preprocessing in Data Mining 

Data preprocessing is a data mining technique which is used to transform the raw data in a 

useful and efficient format.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 20: Data Preprocessing in Data Mining [40] 
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Data Cleaning is the first step in data mining. It holds importance as dirty data if used 

directly in mining can cause confusion in procedures and produce inaccurate results. Basically, 

this step involves the removal of noisy or incomplete data from the collection. Many methods that 

generally clean data by itself are available but they are not robust.[40] 

This step carries out the routine cleaning work by: 

 Fill The Missing Data 

DataFrame.fillna(value=None, method=None, axis=None, inplace=False, li

mit=None, downcast=None) 

 Remove The Noisy Data: Random error is called noisy data 

 

DataFrame.filter(items=None, like=None, regex=None, axis=None) 

Data integration: When multiple heterogeneous data sources such as databases, data cubes 

or files are combined for analysis, this process is called data integration. This can help in improving 

the accuracy and speed of the data mining process [40]. 

Different databases have different naming conventions of variables, by causing redundancies 

in the databases. Additional Data Cleaning can be performed to remove the redundancies and 

inconsistencies from the data integration without affecting the reliability of data.[40] 

Data Reduction: this is helpful to reduce the data dimensionality as some of the parameters 

in a dataset are not going to make any contribution to the final result. Moreover, working with 

extensive data causes several problems such as complex and time-consuming modeling [40]. 

Some strategies of data reduction are: 

 Dimensionality Reduction: Reducing the number of attributes in the dataset. 

 Numerosity Reduction: Replacing the original data volume by smaller forms of data 

representation. 

 Data Compression: Compressed representation of the original data. 

Data Transformation In this process, data is transformed into a form suitable for the data 

mining process. Data is consolidated so that the mining process is more efficient and the patterns 

are easier to understand. Data Transformation involves Data Mapping and code generation process 

[40]. 
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Strategies for data transformation are: 

 Smoothing: Removing noise from data using clustering, regression techniques, etc. 

 Aggregation: Summary operations are applied to data. 

 Normalization: Scaling of data to fall within a smaller range. 

 Discretization: Raw values of numeric data are replaced by intervals.  

Data Mining In this step, intelligent patterns are applied to extract the data patterns. The 

data is represented in the form of patterns and models are structured using classification and 

clustering techniques [40]. 

Pattern Evaluation This step involves identifying interesting patterns representing the 

knowledge based on interestingness measures. Data summarization and visualization methods are 

used to make the data understandable by the user [40]. 

Knowledge Representation is a step where data visualization and knowledge representation 

tools are used to represent the mined data. Data is visualized in the form of reports, tables [40] 
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IV.1 Dataset: 

A section of 1000 m  (16'' phase) of drilling datasetwas selected from a well in Hassi 

Messouad field to perform this study. The used raw dateset is shown in table(V.7) and cleaned 

data. 

This part of the well was selected because of the homogeneous of its lithological 

characteristics and to avoid the effect of the lithology on the chosen  model. 

The description of this section are presented in the paragraph "Description of the selected 

phase." 

The name and the coordinnets of the well was deleted from the given data for confidential 

purpose. The Well data consist of real-time drilling parameters such as well depth, rate of 

penetration, weight on bit, flow rate, rotation per minute, torque, bit diameter, stand pipe pressure, 

etc 

In this study there are some unknown parameters co-efficient which must be determined 

based on past drilling data obtained from a field in order to determine theseco-efficient, a linear 

regression technique will be applied which as follows.  

Y= 𝑏0 + 𝑏1𝑋1 + 𝑏2𝑋2 + 𝑏3𝑋3 + ……+ 𝑏n𝑋n    ………………………………………………………………..IV.1 

            Where Y is the dependent variable, b₀ is the intercept term and the regression co-efficient 

b1,b2,b3, ------bn are the analogues of the shape of linear regression. From the above equation Y is 

the ROP relevant drilling parameters will make up the regression variable [X1&Xn]. b₀ to bn Co-

efficient will be determined by machine learning using a programming languagesoftware called 

python and its packages. This python software will perform the regression analysis after all the 

relevant drilling parameters has been uploaded into it and then run. The analysis will then provide 

an output computed data model. 

IV.2  Python  

Python is a high-level, interpreted, interactive and object-oriented scripting language. Python 

is designed to be highly readable. It uses English keywords frequently where as other languages 

use punctuation, and it has fewer syntactical constructions than other languages. 

Python is Interpreted − Python is processed at runtime by the interpreter. You do not need 

to compile your program before executing it. This is similar to PERL and PHP. 

Python is Interactive − You can actually sit at a Python prompt and interact with the 

interpreter directly to write your programs. 
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Python is Object-Oriented − Python supports Object-Oriented style or technique of 

programming that encapsulates code within objects. 

Python is a Beginner's Language and a great language for the beginner-level programmers 

and supports the development of a wide range of applications from simple text processing to 

WWW browsers to games. 

Table 2:Python description and characteristics 

 

First version date February 20, 1991 

Paradigms Object, imperative and functional 

Author Guido van Rossum 

Developers Python Software Foundation  

Last version 3.10.5 (6 June 2022) 

Version in development 3.11.0b3 (June 1, 2022) 

Typing Strong, dynamic, duck typing 

Influenced by ABC, C, Eiffel, ICON, Modula-3, Java, Perl, Smalltalk, Tcl 

Influenced Ruby, Groovy, Boo, Julia 

Implementations CPython, Jython, IronPython, PyPy 

Written in C for CPython, Java for Jython, C# for IronPython and in Python itself for 

PyPy 

Operating system Multiplatform 

Licence Free license -Python Software Foundation License 

Website www.python.org  

File extension py, pyc, pyd, pyo, pyw, pyz et pyi 

 

IV.3  Jupyter Notebook 

JupyterLab is the latest web-based interactive development environment for notebooks, 

code, and data. Its flexible interface allows users to configure and arrange workflows in data 

science, scientific computing, computational journalism, and machine learning. A modular design 

invites extensions to expand and enrich functionality [41]. 

https://fr.wikipedia.org/wiki/Guido_van_Rossum
https://fr.wikipedia.org/wiki/Python_Software_Foundation
https://fr.wikipedia.org/wiki/Ruby
https://fr.wikipedia.org/wiki/Groovy_(langage)
https://fr.wikipedia.org/wiki/Boo_(langage)
https://fr.wikipedia.org/wiki/Julia_(langage)
https://fr.wikipedia.org/wiki/CPython
https://fr.wikipedia.org/wiki/Jython
https://fr.wikipedia.org/wiki/IronPython
https://fr.wikipedia.org/wiki/PyPy
https://fr.wikipedia.org/wiki/Python_Software_Foundation_License
https://www.python.org/
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The Jupyter Notebook is an open-source web application that allows you to create and share 

documents that contain live code, equations, visualizations and narrative text. Uses include: data 

cleaning and transformation, numerical simulation, statistical modeling, data visualization, 

machine learning, and much more. 

Jupyter notebook is running using your browser, it could run locally on your machine as a 

local server or remotely on a server. The reason it is called notebook is because it can contain live 

code, rich text elements such as equations, links, images, tables, and so on. Therefore, you could 

have a very nice notebook to describe your idea and the live code all in one document. Thus Jupyter 

notebook becomes really popular way to test ideas, writing blogs, papers and even books, for 

example, this book is written entirely within Jupyter notebook. Of course, it has many other 

advantages, and we will only cover the basics of the Jupyter notebook to get you started [42]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV.4  Python libraries and packages: 

Python Libraries are a set of useful functions that eliminate the need for writing codes from 

scratch.There are over 137,000 python libraries present today. 

Figure 21:Jupyter Notebook,the Classic Notebook Interface [41] 
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Python libraries play a vital role in developing machine learning, data science, data 

visualization, image and data manipulation applications, and more. Let us start with a brief 

introduction to Python Programming Language and then directly dive into the most popular Python 

libraries. 

The probability that you must have heard of ‘Python’ is outright. Guido Van Rossum’s 

brainchild – Python, which dates back to the ’80s has become an avid game changer. It is one of 

the most popular coding languages today and is widely used for a gamut of applications. In this 

article, we have listed 34 Open Source Python Libraries you should know about. 

IV.5  Model selection: 

 

To expect the rate of penetration (ROP), it is required to have a model able to evaluate how 

the drilling parametres affect ROP. In a general structure, obtaining a ROP model can be thought 

of as a regression problem. Following the notation adopted by Friedman (2006), the prediction of  

ROP can be formulated as  

yˆ = f (x, ) (1) : where yˆ represents the estimation for the output variable (i.e. ROP), x 

represents the vector of inputs or predictors (e.g. drilling parameters, such as drill bit type, torque, 

WOB, mud flow), f ( ) the regression function, and the regression function's parameter set. 

1-machine learning algorithms:linear regression  

-Decission tree 

-RF (Random Forest)  

- KNN(k-Nearest Neighbors) 

-SVM(supportvector machine) 

2-linear regression                   suprevised learning                       values prediction 

Figure 22: Approaches for ROP modeling Breiman (2001b) [44]. 

https://www.mygreatlearning.com/blog/essential-weekly-guide-artificial-intelligence/
https://www.mygreatlearning.com/blog/r-vs-python/
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Regression analysis is used to estimate the relationships among one dependent and two or 

more independent variables .This method of data analysis is useful when examining a quantitative 

variable in relation to other factors. The Multivariate analysis describes an observation factor by 

having several variables, taking into consideration all changes of properties that may happen 

simultaneously.[45] 

2-1-A simple linear regression model is a mathematical equation that allows us to predict a 

response for a given predictor value [46]. 

 

 

 

 

 

 

 

 

 

 

 

Our model will take the form of Y = b0 + b1x+e where b0 is the y-intercept, b1 is the slope or 

regeression coefficient, x is the predictor variable, and Y=ypredict an estimate of the mean value of 

the response variable for any value of the predictor variable. 

2-2-the multiple regression equation of (𝑌) factor on variables (𝑋1, 𝑋2, …, 𝑋n) is given by:  

Y= 𝑏0 + 𝑏1𝑋1 + 𝑏2𝑋2 + 𝑏3𝑋3 + ……+ 𝑏n𝑋n……………………………………………………………….IV.2 

(b1, b2, b3…, bn) are the analogues to the slope in linear regression equation. 

Figure 23:simple linear regression[47] 
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Figure 24:Least squares process flowchart [45] 

 

 

3-model=LinearRegression() 
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4-1-estimitation selection-hyper parameter training  

model=linear regresion 

4-2-Model training 

Model.fit(x,y) 

 

4-3-Evaluation (model evaluation) 

Model.score(x,y) 

 

4-4-Model implementation 
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DATA EXPLORATION 

V.1 Description of the selected phase (16''): 

Drilling data available for the study was acquired from a field located in Hassi Messaoud.Is 

formed of different formation classifications.The mud weight used for drilling this phase is  density 

oil (1.18 to 1.25 SG).The objective of this intermediate phase is to tube in 13''3/8 the formations 

of the Cretaceous and part of the Jurassic (Clay and Lagoon). 

Table 3: gives the detailed table for the formations Lithology description. 

Table 3: formations Lithology description 

Age Depth DESCRIPTION 

Mio-Pliocene 11-235m 

-Sands. 

-Hard siliceous with limestone 

intercalation. 

Eocene 235-338m 

-Sands. 

-hard limestone. 

-micro crystalline. 

Senonien Carbonate 338-437m 

-Dolomitic limestone 

-Anhydrite 

-Dolomite 

Senonien Anhydritique 437-642 m 

-Anhydrite 

- Dolomite 

-Clay  

 

 

V.1 .1 Specifications of the 16'' Phase: 
 Realization of the Section: 1784 m 

 drilling casing 18 5/8" with PDC bit. 

 EI oil based mud d=1.25sg (mud density 1.25 before the top of the Turonian) 

 Drilling from 506m to 2290m (110m in the Dogger Lagunaire) 

 Descent of a 13" 3/8 column. 

 Cementation in a single phase. 

We can expect a slowdown in advancement in the Aptian because of the dolomite, and draws 

in the salt zone, especially during possible maneuvers. It is a long phase usually 1880 meters and 

drilled ideally with a single PDC tool. 

The phase specification is the presence of aquifers and the Senonian salt formation 
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Turonian aquifer: Salt water, its salinity in Hassi Messaoud varies from 164 to 240 g/l, it is 

not drinkable. The porosity of the aquifer is about 24%, the water is estimated at 2586,7. 109 m3 

and the pore pressure control density is about 1.03. 

Albian aquifer: Fresh water, the salinity varies from 0.24 to 9.5 g/l, it is moderately 

drinkable. The porosity of the aquifer is estimated at 20.99%, the wateris estimated at 5,508.1013 

m3.The Albiandensity at Hassi Messaoud is estimated at around 123 bars (deq=1.17). 

The following table shows the percentage of clay in each layer. 

Table 4: The percentage of clay in each layer 

Layer Clay % 

Sen Salifere / 

Turonian 26.60 

Cenomanian  10.40 

Albian  4.00 

Aptian  14.40 

Neocomian  87.80 

Malm  95.00 

Clay Dogg 55.00 

Lagonn Dogg 5.00 

 

V.1 .2 Objectives Of Phase 16" : 
 The main objectives of this phase are the following : 

 Drilling the section in one run. 

 Zero lost time accident (LTA). 

 Lay and cement the 13"3/8 110mDV in the lagoon dogger. 

 Ensure a good insulation of the Albian and Barremian terrains. 

 No harm to the environment. 

V.1 .3 drilling parameter :  
WOB = 5 -20 tonnes \ RPM = 80 - 150 rpm 

Q = 2800 - 3200 lpm \ d= 1.18 – 1.25 sg 
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V.1 .4 configuration of BHA  
 

Table 5: BHA description. 

 

 

 

 

 

 

Materials Characteristics 

16" PDC Bit 

 
1 0.40 m 0.00 

16,00 

 

Near bit stabilizer 16" 

 
1 2.00 m 3.00 

15,88 

 

9"1/2 Short Drill Collar 

 
1 3.62 m 3.00 

9,50 

 

String Stabilizer 16" 

 
1 2.23 m 3.00 

15,88 

 

9" 1/2 Drill Collar 

 
1 9.16 m 3.00 

9,50 

 

String Stabilizer /16" 

 
1 2.23 m 3.00 

15,88 

 

9" 1/2 Drill Collar 

 
2 18.12 m 3.00 

9,50 

 

XOS 

 
1 1.12 m 3.00 

9,50 

 

8" Drill Collar 

 
9 81.79 m 2.81 

8,00 

 

Hydraulic Jar 8'' 

 
1 9.90 m 2.81 

8,00 

 

8" Drill Collar 

 
2 18.17 m 2.81 

8,00 

 

XOS 1 1.09 m 2.81 
8,00 

 

5 1/2" HWDP 12 110.84 m 3.63 
5,50 

 

Total Length  260.67 m \  
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V.1 .5 Mud parameter : 
 

Table 6:Mud parameter 

 

 

V.2 Data Analysis and Interpreting: In this party,we present to interpreting a curves 

analysisof drilling parameters .In this thesis, all the algorithms and analyses were developed in 

Jupyter Notebookwhich is a free, open-source, interactive web tool. Jupyter is an easy-to-use, 

interactive data science environment that is the best coding language for data mining andanalysis. 

Jupyter is a great interface to the Python programming language that containsmany 

powerfullibraries, ranging from basic statistics to complex machine learningalgorithms. Some of 

the commonly used libraries in this work are asfollows: 

 Pandas, Numpy: These are grouped as basic libraries which are used for underlying data 

analys 

 scikit-learn is used to build ML models: 

• sklearn.metrics: used for evaluation. 

• sklearn.preprocessing: used for scaling. 

 matplotlib: is known as Python’s most powerful visualization librarie. 

 

System  

Sepecific gravity  / 1.20 -1.25 

Plastic viscosity 120 °F/Cps As low as  possible 

Yield point lb/100 ft2 18-24 

Gels strength 10'' lb/100 ft2 / 

Filtrat HP/HT 250 °F/500psi <10 

Electrical stability Volt >600 

Oil/water ratio / 70/30 - 85/15 

Sand  % en vol % en vol 

Low gravity solids % en vol <5 
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Table 7: Overview in an analysis parameter 

 

 

Table 8: Data description 

 

 

 
Table 8 gives a summary of ready-to-use data 
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V.2-1 Variations of parameters in terms of depth: 

 

the curve shows drilling parameter vs depth which have a similar variation in rate of 

penetration and weight on bit ,in 760 m both decrease this confirms the relation between them 

(Figure V-29) 

Figure 25:Drilling parameter vs depth 
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Figure 26: Correlation between ROP and WOB 
One of the best ways to inspect data is to visualize it. One way to do this is by using a scatter 

plot. A scatter plot of the data puts one feature along the x-axis and another along the y-axis, and 

draws a dot for each data point. Unfortunately, computer screens have only two dimensions, which 

allows us to plot only two (or maybe three) features at a time. It is difficult to plot datasets with 

more than three features this way.Figure 27 
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Figure 27: Scatterplot and histogram of drilling parameter 

In scater plot of ROP vs WOB, we showspenetration rate increases gradually and linearly 

with increasing values of bit weight for low values of bit weight (point A). A linear curve is again 

observed at higher bit weights (pointB), representing increased drilling efficiency. Beyond Point 

B, subsequent increases in bit weight cause only slight improvements in penetration rate. In some 

cases, a decrease in penetration rate is observed at extremely high values of bit weight (point 

C).The poor response of penetration rate at high WOB values is usually attributed to less-efficient 

hole cleaning because of a higher rate of cuttings generation 

The histogram of rate of penetration and weight on bit are changing with the normal average. 

Outliers 

outliers 

A 

B 

C 



Chapter V:                                                                          Results and discussion 
 

 
45 

 

  

The penetration rate (ROP) usually increases linearly with increasing value of rotary speed 

(RPM) for low values of rotary speed. At higher values, the rate of increase diminishes. The point 

where we loose linearity is called the Foundering point. The phenomenon is essentially due to less 

efficient bottomhole cleaning and is also dependent to drilling fluid parameters (density). 

 

 

 

 

Figure 28: Relation between ROP and RPM 
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V.2-2 Variations of parameters versus time : 

 

Figure 29:ROP variation with time 
The figure 29 shows changes in the rate of penetration over time. 

 

Figure 30:ROP vs WOB variation with time 

WOB & ROP=0 
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 when the value of WOB and ROP turns to zero, that's means that drilling stopped usually 

due to theaddition of drillpipe or circulation or to the change of bit (figure V-30) 

V.2.3 correlation between the parameter: 

 

 

 

 

Figure 31:Parameter correlation 

Table 9: parameter correlation 
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The figure 31 represent Correlation matrix for the performance parameters measured during 

drilling . The matrix below shows the correlation between each pair of parameters. A coefficient 

closer to (1) represents positive correlation and closer to (-1) represents negative correlation 

between the drilling variables.  

we have significant correlation between rotation per minute (rpm) and torque with rate of 

penetration (0.80) .A high correlation was observed between temperature and depth, which is 

highly dependent on the temperature increase during drilling, while a low negative correlation was 

observed between ROP and depth(Table 9). 

medelling result interpretation  

This chapter will analyze the results of the modelling presented in chapter IV and review the 

reability of each modelling technique. This will be done through multiple methods to test how 

accurate the prediceted  ROP. 

V.3 Simple linear regression Algorithm: 

 

Figure 32: Scatter plot with regression model ROP vs WOB 
 y = 0.325 + 0.038x ………………………V.1 
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The y-intercept of 0.325 can be interpreted this way: when we don't have WOB, the ROP 

will be 0.325(m/s). The slope tells us that if it  8 (t)   that the ROP  would increase  by an 

additional 0.629 m/s.(black point). 

The regression line does not go through every point, instead it balances the difference 

between all data points and the straight-line model.it shows linear relationship 

 

Figure 33: The model performance with WOB 
The figure 33,  shows the predicted values vs actuel values which the model line is linear 

and the point close to them that means the performance of the model is best. The red line represent 

the best fit line 

The table V-8 represent the diffrence between predicte and actual values,  when the 

difference is the smallest the prediction is the better. 
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Table 10: the difference between the actual and predicted values 
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Figure 34:Scatterplot of regression model ROP vs WOB 
 y = 1.477+ -0.00646x. …………………………V.2 

b1= -0.00646 is the model coefficient,that means very weak negative correlation. 

 The model shows that that the relationship between this two parameter it is not linear 

because of the opposite direction of the slop,the black point represent an outliers data. 

 

 

 

 

 

 

 

 

 

 

Figure 35: Scatter plot with regression model ROP vs torque  

Outliers 

Regression slop in the opposite direction 

with negative corellation 

y = 3.15912803e-05X+ 0.1587 
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Model coefficient b1= 0.1587. 

A scatter plot indicates that there is a weak positive relationship between ROP and torque 

(linear relationship). 

Table 11: The model performance verification using a test value of torque. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 12: Comparison between actual and predicted values using multiple linear 

regression. 

The lowest the difference is the best accuracy will be. 
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V.4  The prediction result of multiple linear regression Algorithm:

 

Figure 36: Scatter plot actual and predicted values using multiple linear regression 
  ……V.3 

 

Y is the dependent variable (ROP) and x1, x2 and x3 are the independent variables (WOB, 

RPM, and torque). The values (2.232e-02, 1.743e-05 and -1.477e-03) are the coefficients of the 

model, the value 0.4121, is the intercept. 

From the figure 36, we can observe that the model predictions are not so accurate and that 

maybe due to the quality of data or the chosen model. 

 

Y= 0.4121+2.232e-02 x1+1.743e-05 x2+(-1.477e-03) x3 
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Conclusion general 

A drilling dataset from an oil well in HASSI MESSEOUAD was analyzed. As formation 

properties has a major impact on drill ability, The selection of the appropriate section was based 

on the lithological characteristics and data availability and cleaning and pre-processing of data was 

necessary before input it in the model. After completing this study, a real-time drilling data and 

model was achieved after optimization.  

The aims of this work is to create a machine learning model for drilling optimization by 

maximizing ROP base on real-time drilling data and using simple and multilinear regression 

python models, and optimizing it by modifying controllable parameters. 

A machine learning approach was successfully implemented to select data in the same range 

in well section during model development. After determining all the drilling parameters required 

to be used in rate of penetration model, Multiple Regression analysis is applied to obtain model 

constant. 

The data such WOB, rotary speed (RPM) and torque are the independent parameters were 

used as input and ROP as dependent variable.  

The Modeling and optimization were successfully completed using the machine learning 

approach, updating the model, and predicting and optimizing target parameter wish is the rat of 

penetration (ROP). The Machine Learning models were implemented (simple and multiple linear 

regression), and the simple linear regression algorithm was the best based on the scatter plot and 

code running time. During optimization, and the controllable drilling parameters constraints were 

chosen only to fit in the data range. 

Finally, Results of simple and multilinear regression have shown a nonlinear reliance 

between the features and target of the ROP models. Many suggestions will be outlined below as 

future work: 

1. Previous studies revealed that linear regression achieves remarkable results when using in 

ROP prediction. The limitation in this model was the time with more time on my hands, this 

relationship could definitely be interesting to look at. Thus, a more accurate model will reach better 

predictions and consequently more realistic optimization. 

2. Data quality is of vital importance since this study is based on the relation between data.  

With more WOB and Torque corrections the model accuracy would definitively improve. 

3. No specific constraints were selected during optimization, which would make a more 

realistic and complete model. These bounds can be modified based on drilling vibrations, hole 

cleaning, borehole stability, and pressure variation among other drilling issues. 
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 ستكشاف بيانات الحفر في الوقت الفعلي لتحسينها باستخدام التعلم الآلياعنوان المذكرة: 

 حجاج: أسماء شرافإ                         عزاوي :اللقب                             فرح فاطمة الزهراءالاسم: 

 الملخص

( أحد الأساليب العديدة لتقليل التكلفة والوقت غير ROPعد الحصول على الحد الأقصى لمعدل الاختراق )ي

بما في ذلك  معدل الاختراق،( في آبار حفر النفط والغاز. تؤثر العديد من المعلمات على NPTالإنتاجي )

لدينا عمومية الحفر  أولاً،وما إلى ذلك. تم تطوير الدراسة في أربعة أجزاء.  الأسنان،وتآكل  الفتحات،تنظيف 

كيفية المعالجة  ثالثاً،(. MLنماذج الذكاء الاصطناعي والتعلم الآلي ) الثاني،وتسجيل المعلمات. في الجزء 

تم تنفيذ عرض البيانات وتفسيرها ونماذج التعلم  أخيرًا،حضيرها قبل الاستخدام. المسبقة للبيانات وتنظيفها وت

وتم اختيار القسم الذي يحتوي على أفضل أداء.  ROPالآلي )الانحدار الخطي البسيط والمتعدد( لإنشاء نموذج 

على البت (. يستخدم النموذج عمق البت والوزن ROPتم نمذجة وتحليل معلمة واحدة ) الدراسة،في هذه 

(WOB( وسرعة الدوران )RPM( وعزم الدوران )T كمدخلات لإجراء الانحدار والتنبؤ بـ )ROP الهدف .

من هذا العمل هو دراسة إمكانية تطبيق خوارزميات التعلم الآلي المختلفة للتنبؤ بتحسين بعض معلمات حفر 

 الآبار لتجنب المشاكل وتوفير الوقت والمال

Memory Title: Exploration of real-time drilling data for optimization using 

machine learning 
Name: AZZAOUI          First Name: Farah Fatmazohra             Directed: Asma HADJADJ 

Abstract 
Obtaining the maximum rate of penetration (ROP) is one of many techniques to reduce cost 

and Non-Productive Time (NPT) in oil and gas drilling wells. Many parameters affect ROP, 

including hole cleaning, tooth wear, etc. The study was developed in four parts. First, we have 

generality of drilling and parameter recording. In the second part, artificial intelligence and 

machine learning (ML) models. Third, how to pre-process data, clean and prepare before use. 

Finally, data presentation and their interpretation, machine learning (ML) models (simple and 

multiple linear regression) were implemented to create a ROP model and the section with the best 

performance was selected. In this study, one parameter (ROP) was modelled and analyzed. The 

model uses Bit depth, Weight on Bit (WOB), rotary speed (RPM) and torque (T) as inputs to make 

a regression and predict ROP. The objective of this work is to study the applicability of various 

Machine Learning algorithms to predict optimizing some well drilling parameters to avoid 

problems and save time and money 

Titre du mémoire :  

Nom : AZZAOUI          Prénom :Farah Fatmazohra              Encadreur : Asma HADJADJ  

Résumé 

L'obtention du taux de pénétration maximal (ROP) est l'une des nombreuses techniques 

permettant de réduire les coûts et le temps non productif (NPT) dans les puits de forage pétrolier 

et gazier. De nombreux paramètres affectent la ROP, notamment le nettoyage des trous, l'usure 

des dents, etc. L'étude a été développée en quatre parties. Tout d'abord, nous avons la généralité 

du forage et l'enregistrement des paramètres. Dans la deuxième partie, les modèles d'intelligence 

artificielle et d'apprentissage automatique (ML). Troisièmement, comment pré-traiter les données, 

les nettoyer et les préparer avant utilisation. Enfin, la présentation des données et leur 

interprétation, des modèles d'apprentissage automatique (ML) (régression linéaire simple et 

multiple) ont été mis en œuvre pour créer un modèle ROP et la section la plus performante a été 

sélectionnée. Dans cette étude, un paramètre (ROP) a été modélisé et analysé. Le modèle utilise la 

profondeur de bits, le poids sur les bits (WOB), la vitesse de rotation (RPM) et le torque (T) comme 

entrées pour effectuer une régression et prédire le ROP. L'objectif de ce travail est d'étudier 



 

 

l'applicabilité de divers algorithmes d'apprentissage automatique pour prédire l'optimisation de 

certains paramètres de forage de puits afin d'éviter les problèmes et d'économiser du temps et de 

l'argent 
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