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ABSTRACT 

Rate of penetration (ROP) is one of the most critical parameters affecting virtually all drilling 

characteristics including technical, operational, economical, safety and other aspects of it. ROP 

evaluation may provide important information which can be applied to improve drilling 

efficiency and decrease the cost of drilling per meter.   

The choice of ROP for every single case is dependent on variety of factors such as diameter of 

the well, target depth, present geological formations, pressure, water depth, hole cleaning, types 

of drilling tools that will be used. Additionally, there are different requirements depending on 

what country or state the well is located in. All these factors must be considered while choosing 

the proper ROP for drilling of every oil well interval.    

In this master thesis several subsea wells of Norwegian Continental Shelf and several wells of 

Sakhalin Offshore location in Russia have been reviewed. Last technological and scientific 

trends and tendencies have been analyzed. A literature study of related topics has been done. 

Possible solutions have been suggested for every analyzed case based on well design, depth, cost 

of work and technologies and geological environments. Analyses have been carried out primarily 

by means of mechanical, hydraulic, stress, loads and safety calculations in different software 

applications including Landmark software applications, Weatherford software applications as 

well as calculations in Matlab software with applying different calculation methods.  

Based on the results of calculations, implemented models and analyses of the related materials 

possible well designs and methods of increasing and optimizing the ROP were found for every 

considered case.       

 

Keywords: Rate of Penetration, Hole Cleaning Efficiency, Pressure Window, Drilling Safety, 

Drilling Optimization, Well Design, Loads, Drilling Tools, RSS, Mud motors, TBS. 
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1. INTRODUCTION  

In this master thesis we analyzed how the rate of penetration can be affected by different factors 

of the drilling process and how it can be optimized to obtain as high ROP as possible without 

losing of drilling efficiency, quality and providing the highest safety standards. In several 

chapters of this thesis we discussed how ROP is related to the type of the directional drilling 

method and to the type of tools used during drilling, how the drill bit choice affects ROP, how 

hydraulic and mud parameters may influence ROP and finally how ROP may be related to well 

path of the well. In the last chapter, ROP model has been developed with consideration of all the 

information from previous chapters. 

In the second chapter of the thesis detailed analysis of the three directional control technologies 

currently available in the market is provided. Steerable mud motors, targeted bit speed systems 

and rotary steerable systems. The main objective of this chapter is to show what the difference 

between these three technologies, what advantages and disadvantages they have and how these 

technologies can affect ROP. For every technology there is separate subchapter with several 

sections where technological and operational aspects of technologies are described. Second 

chapter includes two case field studies where real drilling data from several wells provided and 

analyzed.   

In the first field case we compare TBS technology with conventional mud motor steering 

technology. For this case 13 similar wells from the same oilfield have been chosen, 8 drilled with 

TBS method and 5 drilled with conventional method.  

In the second case we compare RSS technology with conventional mud motor steering 

technology. For this case 18 similar wells from one oilfield have been chosen, 13 drilled with 

RSS method and 5 drilled with conventional method. Drilling parameters from these wells 

analyzed in the same way like in the previous case.  

In the third chapter we analyzed factors of BHA construction and its characteristics that may 

affect ROP. Special attention provided to drill bit characteristics and MWD system properties. In 

the section related to drill bits researched effect of bit design and its wear on ROP. Field data 

provided which shows how important to choose proper bit design for every particular case.  

The fourth chapter analyzes effects of the well path design on ROP. In this chapter several types 

of well paths considered and description for optimization of typical drilling intervals is provided. 

Also, in this chapter effect of build rate or DLS is researched. For this research drilling data from 

six wells has been used. Again, all wells were from the similar environment.  

In the fifth chapter we considered properties of drilling fluids which can influence the ROP. In 

this chapter next properties are analyzed with relation to ROP: density, viscosity, mud filtration, 

solids content and lubrication properties of the mud. In every subchapter provided detailed 

information about ROP and mud properties relation. 

The goal of the sixth chapter is to summarize the data obtained from previous chapters and 

provide a ROP model with reasonable accuracy comparing to real drilling data. For ROP 

simulation in this chapter three wells have been chosen. Multiple regression analysis of drilling 

parameters from these wells has been applied. Drilling variables have been obtained and drilling 

model has been developed.  



2 

 

2. MUD MOTORS, RSS, TBS 

2.1. Mud motors 

2.1.1. Introduction  into mud motors 

Well drilling and directional drilling in particular is the vital part of the modern oil and gas 

industry. Over 50% of all money spent on oilfield development is the money used for well 

drilling and well completion operations. Directional drilling used to wide range of purposes 

including offshore drilling from platforms, facilitation of oil reserves under environmentally 

sensitive areas such as national parks, increasing filtration area in a pay zone by drilling 

horizontal wells thus enhancing production rates from these wells and also allows multilateral 

completions and geo-steering. 

First directional oil wells were drilled in 1933 in the California [1]. Soon after that, 

directional drilling started in the Gulf of Mexico offshore waters. Such wells were mainly drilled 

by using technologies and tools like whip-stocks or jetting to provide deviation of the well 

trajectory in the preplanned direction from the beginning. After that some level of control for 

well paths was achieved by using bottom hole assemblies (BHAs) with several stabilizers 

designed in the way to provide passive control for well trajectory without possibility to change 

the direction during the drilling process itself. 

In 1962 the first system based on using a mud motors with positive displacement and bent 

subs was introduced which provided the first opportunity and practical capability to start 

developing an offshore field from an offshore platform. The system for directional drilling with 

mud motor was introduced in the California and soon begins to spread on the oil rigs of Gulf of 

Mexico. Eventually, it evolved into the modern steerable motor systems that are widely used all 

around the world today [2]. 

Most of the early directional wells have been drilled by a simple ñSò shaped or ñJò shaped 

(also called ñbuild-and-holdò) trajectories. By utilizing such kind of trajectories well may be 

kicked off with the mud motor with bent sub, after that BHA could be changed on the rotary type 

and drilling process can be continued in a rotary mode. The main goal for such well paths was 

not the precise drilling to the chosen target but the displacement of the final bottom hole 

coordinates from the initial coordinates of the top of the drilled well to some preplanned target 

area. In case of necessity of further corrections in trajectoryôs inclination angle and azimuth it 

was necessary to make additional trip-out of the rotary BHA and then run-in the hole a BHA 

with bent sub mud motor to carry out sliding with this motor and change direction of drilling to 

desired one.  Usually, BHA with mud motors were run in for some short distance and then it was 

run out of the hole and replaced with rotary BHA again. So, maintaining the precise control for 

trajectory was a quite hard expensive and not very practical process [3]. 

Bent sub mud motors were used for directional drilling only in correction runs until the end 

of 1980ôs. In 1985 the steerable motors technology was introduced. This technology dramatically 

increased the effectiveness of directional drilling by providing the opportunity to control the well 

path while drilling without additional runs. In the same time, other technologies increasing the 

efficiency of well path trajectory control were introduced which greatly improved capabilities of 

directional drilling. Applying BHAs with MWD systems and steerable motors provided to the 

industry the possibility to drill more complex and more prolonged well path trajectories. 
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Horizontal wells were found to be an efficient way of enhancing production from certain types of 

reservoirs. 3-D seismic technology began to give resource managers the ability to define much 

smaller and more complicated reservoir traps. LWD capability provided the ability to evaluate 

the formations as the well was being drilled. This ultimately led to geo-steering that allowed the 

wellbore to be guided based on real-time measured formation parameters rather than simply 

relying on a predetermined geometrical trajectory. 

Today, most of the directional wells drilled with using of a steerable mud motors. This type of 

bottom hole assembly uses a fluid power and bent sub to apply some hydraulic pressure to the 

drilling bit, so that it becomes possible to drill in the wanted direction with necessary dog-leg 

severity. The directional control or steering is provided by sliding operations. In the process of 

sliding the drill string is oriented in some particular direction called tool-face direction. During 

sliding only drilling bit is rotating by the hydraulic power of mud motor while the rest of the 

drilling string stays without rotation. Innovations in mud motorôs construction, materials and 

technologies of its application continue to be one of the important questions in the drilling 

industry for more than 50 years now. Steerable motors have become one of the most effective 

and reliable tools by which effective directional drilling process can be provided. Another 

important trait of mud motor application is its low price comparing to other directional drilling 

tools such as RSS. In total, drilling motor today is an effective, reliable well tested and relatively 

cheap tool for directional drilling control. 

ROP of drilling with motors is both a strong and a weak trait for the mud motor ï depending on 

some particular circumstances. Directional control by carrying out sliding operations can be a 

quite slow process - ROP can be twice lower than in rotational mode. Though the total rate of 

penetration for one BHA run usually still is substantial enough because most of the time we 

donôt have to slide and apply slide mode only to correct well path while drilling. After correction 

with sliding is completed, it is possible to continue drilling a straight section in rotational mode 

with higher ROPs. In rotational mode mud motor provides additional ROP because in this mode 

hydraulic power from motor and rotary power are combined thus providing higher horsepower 

values at the drilling bit on the bottom. This advantage of mud motors means that in other 

competing technologies such as RSS the similar principle of hydraulic energy use must be 

applied in some way. Otherwise, ROP of drilling long sections with trajectoryôs parameters 

stabilization will be higher with steerable mud motors due to small amount of direction 

corrections or absence corrections at all [3]. 

2.1.2. Mud motors construction  

Drilling mud motors consist of five major elements: 

1. Dump Sub Assembly 

2. Power Section      

3. Drive Assembly 

4. Adjustable Assembly 

5. Bearing Section (Mud Lubricated or Sealed) 

The gear reduced type of mud motor may also contain a gear reducer assembly located inside the 

bearings section. Some motors have mud lubricated bearings sections. 
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Figure 2.1. Mud motor construction dump sub assembly 

Dump sub assembly is used to prevent problems with pressure and wet trips. The assembly is 

activated by hydraulic power. The main element of the assembly is the valve at the top side of 

the mud motor. During RIH operations it allows to fill the drill string with mud as well as drain 

the string during ROOH operations. When the drilling pumps work, dump sub valve 

automatically closes and drilling mud flows through the mud motor [5]. 

¶ Power Section 

The power section of mud motors is an adaptation of one of the types of hydraulic pumps with 

positive displacement. Basically, power section can convert hydraulic power of the drilling mud 

flow into mechanical horsepower of the drill bit. 

There two main components of the power section it is the rotor and the stator. The stator is a 

metal tube (typically steel tube) that contains inside it some elastomer bonded to it walls. The 

elastomer has lobes of helical pattern on its body. The rotor is a helical steel rod with lobes that 

fits the pattern of the elastomer. When the stator and rotor are assembled together it become 

possible for drilling fluid flowing through the mud motor to provide some pressure drop across 

the lobes and  cause the rotor stem to turn around inside stator. Thatôs the basic pattern of the 

mud motor work. 

Output characteristics of the power section are dictated by the length and pattern of the lobes. 

The fundamental feature of the design for any stator and rotor that rotor always has one less lobe 

comparing to the motor. Illustrations in Figure 2.2 show different lobe cross-section from 3:4 to 

9:10 lobe-ratio. Generally, when lobe-ratio is lower, the motor rotation speed is higher but the 

torque on the drill bit is lower [5]. 
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Figure 2.2. Stator and rotor cross-sections 

Another characteristic of power section is its length. Power sections can be described by amount 

of stages. One stage is a one helical rotation of the stator. A power section with three stages 

contains one more full helical rotation comparing to a two stage. The pressure differential on the 

power section becomes greater with more stages included which provide higher values of torque. 

These characteristics are used to vary the characteristics of mud motors. It is possible to change 

power section on one motor to change its characteristics. 

¶ Drive Assembly 

Drive assembly is utilized to compensate eccentric rotation of rotor inside stator and convert it to 

concentric rotation. The drive assembly main elements are the drive shaft and drive joints 

connected to the shaftôs ends. These joints are modeled to withstand the torque high magnitudes 

of the power section [5].  

¶ Adjustable Assembly 

The adjustable assembly allows setting the mud motor dog leg build rate from 0 to 3 degrees. 

This design provides the opportunity to vary build rate of the motor for every particular drilling 

case depending on the well path. Wear pads are located below and above the adjustable assembly 

bend to minimize adjustable components wear [5]. 

¶ Bearing Section (Mud Lubricated or Sealed)  

The bearing section includes bearings (thrust type and radial type) and bushings. They are used 

for transmission of loads to the drill string from the drill bit. The bearing section may contain oil 

filled, sealed, mud lubricated or pressure compensated assemblies. Bearing in the sealed 

assemblies are not interacts with drilling mud and as mud flow is not used for lubrication, all of 

it can be directed straight to the drill bit thus maximizing its hydraulic efficiency, providing 

better bottom-hole cleaning and as a result longer drill bit life and increased ROP. If bearing are 

mud lubricated then 4-10% of the mud is used to lubricate the bearings. The mud then exits 

directly above the drill bit to the annulus [5]. 

2.1.3. Mud motor technologies 

Impossibility of providing trajectory corrections with steerable motor while rotating is a main 

drawback of this technology. Another drawback it is the inability of a mud motor to drill straight 

sections without carrying out corrections by sliding time to time. When the tangent sections 

drilled with higher ROP begins to deviate from its course, it becomes necessary to apply sliding 

corrections decreasing the ROP and consequently increasing the cost of drilling. These issues 

have been considered and as a result different types of motors that can provide high level of 

stabilization in tangent section have been developed. Thus the need for sliding operations in 
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tangent sections was decreased. Eventually, adjustable gauge stabilizers (AGS) have been 

introduced. AGS became valuable in a variety of situations by allowing correction of well path 

while rotating a whole drilling string with drilling motor. Although, the AGS has one serious 

drawback ï it may provide corrections only in two dimensions, up or down thus it is impossible 

to control azimuth direction by means of AGS without sliding. However, it is still possible to 

avoid considerable amounts of sliding by applying AGS, in some cases sliding can be avoided at 

all. Another benefit of the AGS is a high reliability of operations with this tool and relatively low 

cost of AGS. Additional reliability is achieved considering the fact that AGS and mud motor are 

separate BHA units. Thus, if AGS fails it is still will be possible to steer the wellbore according 

to the planned trajectory by sliding with mud motor if it will be necessary [35]. 

2.1.4. Mud motor control techniques 

Using a bent sub mud motor to drill tangent sections is comparable in some way to using the 

older rotary BHAs which were often used for directional drilling in the past. Upper stabilizers 

(usually 1 or 2) placed above the mud motor in the assembly will increase drop rate and 

stabilizers placed below the motor close the drill bit will increase build rate [6]. But if we will 

look closer at the rotation principle of a bent sub motor assembly, we will see a much more 

complex applications of oscillating lateral drill bit forces. These forces vary as the drill string 

with mud motor bent sub is rotated. These forces have the net effect of stabilization, building or 

dropping trajectories just the same way like their rotary assembly counterparts. Though, 

differently from their assembly-predecessors, the forces applied to the drill  bit are changing 

seriously within one rotation of a drilling string and discontinuous in general. 

AGS used to be the one of the common methods to control inclination while using a rotating 

assembly with a mud motor. AGS typically installed above the mud motor, work by the principle 

of applying continuous force on the drill  bit in the given direction, but only up or down. This 

principle is very similar to principles how some of the rotary assemblies work on dropping or 

building intervals. One of the advantages of AGS is that the AGS stabilizer diameter may be 

changed while BHA is down on the bottom, thus there is no need in additional ROOH operation. 

Every time when bent sub is in use near the drill bit, forces are applied to the drill bit in lateral 

directions while rotation happens. So, rotating the motor with bent housing is not similar to a 

rotary assembly movements ï the process may be described as periodical.  

The motor bent sub points down, and the stabilizer is used above such motor. We can sum and 

resolve full string rotation of these forces in some final direction which may be called the net 

drop. 

When the AGS is in retracted position, the collar placed above the mud motor typically may lie 

on the bottom-hole and the collars weight has to be lifted if the motor bent sub with a bit pointed 

upward. In such configuration the drilling bit usually builds angle in periods when lateral loads 

applied to the bit. If the motor bent sub position points down, it adds some distortion to the drill 

string. The final direction of rotation of the drilling string is upward. Lateral loads may vary 

functionally depending on orientation of the motor bent sub or tool-face.  If collars near the 

bottom-hole, the drilling bit tends to be leveraged in the upward direction. To sum that up, we 

may say that the drilling bit below a motor bent sub undergoes different periodic variations in 

forces (lateral forces) and the net effect of these variations (drop or build) may be controlled by 

means of changing the stabilizerôs placed above the motor bent sub. 
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The necessity to steer a mud motor along the given well trajectory may be duplicated by varying 

other drilling parameters within a single bent sub rotation, if this variable (a) was powerful 

enough to influence a change in the motor drilling direction and (b) could be accurately triggered 

to occur at any bent housing angular position as the string is rotating. Using of an AGS is one of 

the methods to accomplish it [7]. By application of periodic lateral loads to the drill  bit, the 

drilling collars work against the pull of gravity, resulting in an upward force.  

2.1.5. Mud motor problems 

Although, in many cases it could be favorable to carry out directionally oriented drilling with 

hydraulic steerable mud motor, there are some cases and situations where mud motor cannot be 

applied in an efficient way. In some particular applications, carrying out a well path correction 

with a steerable motor may become a slow and expensive process. For example, if the trajectory 

is complicated and corrections must be carried out by sliding of relatively long intervals through 

abrasive or hard rock, this may subsequently lead to considerably lower ROP on extended time 

periods. Eventually this even can lead to a complete impossibility to continue directional 

steering. In such situation, mud motors may be abandoned in a favor of other rotary systems 

which can deliver trajectory deviation without stopping rotation of the drill string. Though, it 

worth to mention that such rotary steerable systems are often much more expensive and usually 

not so reliable like mud motors, they often may become the only possible mean of cost-effective 

directional drilling process. 

2.1.6. Steerable mud motors operational and technological aspects 

Many constructive and technological improvements have been suggested and provided for the 

directional mud motors since its first introduction. There are several important milestones of this 

evolution Figure 2.3.  

 

Figure 2.3. Technology to improve the performance of positive displacement directional motors has steadily improved. 

Steerable mud motorôs advantages: mud motors are used with MWD systems to control the well 

path in real time. Itôs cheap and widely available in different sizes and characteristics. Also, 

these tools are easy to operate and maintain, there are relatively few amount of moving parts and 

level of reliability is quite high [9]. 

Fundamental limitations for motors: steerable mud motors are better suited for building simple 

well trajectories. Motors have limitations affecting their ability to maintain the proper level of 

directional control in some particular environment. 

Drilling with mud motors is divided by intervals of sliding.  On these intervals trajectory is 

guided in preplanned direction while during periods of rotation there is no active trajectory 
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control. Problems related to this are grouped in Table 2.1. The ROP is usually reduced during 

sliding by 40-60% and at some depth it may become impossible to continue effective sliding. 

Bulk part of inefficiencies and limitations are related to the fact that the well is needed to be 

drilled without rotation of the drilling string or with technical limitations of the mud motors 

including rotation limits for particular dogleg values. Upgrades of the mud motor construction 

and parameters cannot solve many of the problems since these problems are based on the 

fundamental steerable mud motor characteristics. 

Common sliding problems Common Rotating problems 

Inability to slide Vibrations (motor failures, MWD failures) 

Maintaining orientation Accelerated bit wear 

Poor hole cleaning Poor hole quality logs 

Limited bit selection Poor performance in air 

Low effective ROP  

High tortuosity  

Build rate formation sensitive  

ECD fluctuations  

Differential sticking  

Buckling and lock up  

Table 2.1. Deficiencies of steerable motor directional drilling systems 

Steerable motors improvements:  

- New power sections with higher performance that can deliver more hydraulic power to 

the drill  bit.  

- Drill bits with a special design to improve steerable mud motor performance. Such bits 

allow higher WOB while drilling with motors. Goal for other drill bit improvements is to 

provide better stabilization while drilling with steerable motors especially in sliding mode 

[11]. 

- Mechanical systems have been introduced to reduce friction especially while sliding. 

These systems provide energy to the string to reduce the frictional contact of the borehole 

wall and the drill string.  

- Sensors for monitoring formation properties and inclination closer to the bit. This opens 

opportunity to geo-steering and provides drilling data that helps the drilling engineer 

optimize the performance of their tools [12].  

Steerable mud motors in conjunction with MWD systems still capable to successfully drill most 

of the borehole types typical for modern oil and gas industry. These motors are also capable to 

drill  some of the 3D-designed wells. However, it worth to remember that just because these 

motors can drill a well according to the planned well path does not automatically mean that using 

such motors is always the most efficient and cost effective method to drill it.  
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2.2. TBS technology  

2.2.1. Introduction  for TBS technology 

Targeted bit speed technology has been derived from a conventional directional drilling with 

mud motor bent housing in a conjunction with some MWD tools. This technology has the similar 

advantages to RSS (rotary-steerable system) drilling, and allows full directional control in all 

three dimensions, without the need of quitting rotating for sliding operations. Steering of the 

drilling string is carried out by modulating the flow of the fluid inside the drilling string. This 

flow modulation creates small oscillations in the mud motor flow rate. This technology allows 

high-frequency variations in parameters of drilling to control drill bit speed which meantime 

allows steering the well in any target direction. In some cases the planned DLS cannot be 

achieved by means of TBS drilling technology, so in such situation it is possible to use the motor 

in a conventional way ï it still can be oriented in the target direction and sliding can be carried 

out using standard steerable mud motor techniques for directional drilling [14]. 

The primary goal of the targeted bit speed (TBS) method of drilling is the repeatability of a 

drilling speed modulated in some particular direction of drilling. The rate of penetration (ROP) 

of the bit must be controlled with precision so each segment of arc of string rotation is divided 

with the same variations of speed throughout drilling string rotations. To carry out consistent and 

precise ROP target boundaries, the lowest and highest drill bit speeds are targeted at the same 

tool-face values, with every revolution of the drilling string and motor bent sub. Drill bit speed 

modulation repeatability will equate a ROP modulation with high level of precision which in its 

turn should maximize the efficiency of this method. If the targets start to vary and become 

inconsistent and not clear, then the outcome well bore trajectory direction will be changed after 

of each rotation and the tendency of direction build will become unpredictable and wandering 

between different tool-face values. 

High quality of the well path is a vital property to consider optimizing performance of any tool in 

the drilling string and BHA.  Well path shape and borehole size seriously effect drill bit loads 

especially when stabilizers enter in the sections with unstable parameters of borehole trajectory. 

Such factors impact negatively on the steerability of the BHA in what could otherwise be a 

properly controlled drilling environment. It is especially important when chosen drill bit does not 

suit well to chosen mud motor. In such situations fluctuations in drill bit load may occur. 

Bits with gauges of longer length have shown considerably better building rates, better well path 

and borehole quality and better directional drilling control than drill bits with short gauges in 

multiple cases. Testing shows that, by means of proper drill bit stabilization, mud motor 

assembly which employed by the targeted bit speed (TBS) method could definitely provide a 

high quality trajectory of borehole without ledges and other negative factors [8]. 

In this chapter we will research the real field results from the several wells, where TBS 

technology has been used to drill wells with S-shaped well paths. S-shaped trajectories are some 

of the most challenging for drill ing with continuous drill string rotation and bottom hole 

assembly with a steerable mud motor because it is necessary to drill the curve section, provide a 

firm hold of the angle in the tangent section and then drop the borehole angle by using the same 

drilling tools. Such concept of one single BHA for drilling whole well was not possible before 

the TBS technology has been introduced. This chapter is focused on the possible improvements 
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that can be achieved in the directional control and in the resultant ROP by using the TBS 

method.  

2.2.2. TBS technology basics 

Targeted bit speed (TBS) is one of the periodic steering methods. TBS method employs an 

oscillating flow rate applied to the mud motor with bent sub to provide a well path control while 

drilling with rotation. Timing flow rate changes to some specific predefined bent-housing tool-

face, so it becomes possible to drill well paths of any complexity. Flow variations is a cause for 

small differences in the axial drilling rate and when combined with a motor bent sub, the drilling 

bit drills actively further toward the target direction. These flow differences are applied 

continuously to the same position of the angle of the mud motor bent housing.  Drilling string 

rotated such way that any 3-dimensional well path may be chosen by the drilling engineer. In 

some ways, this method is quite similar to the method of sliding by intervals of the drill string, 

but the highlight is that we do not have to stop rotation of the drilling string to provide the well 

path control during drilling. Instead, drilling string rotates continuously with the same speed 

while the drilling bit speed alone changes depending on the angular position in the hole [15]. 

The periodical flow is accomplished by application of simple fluctuations of pressure within the 

drilling string which is generated by a telemetry device (MWD system). Pressure pulses typically 

are timed to a mud motor housing position. Such pressure changes manage oscillations of the 

fluid volumes entering the drilling mud motor so the rotation bit speed can be varied as a tool 

faceôs function. It allows the mud motor to drill through a disproportional volume of rock at the 

specific tool-face segment in the hole thus causing the well path to follow in the higher bit speed 

direction. 

The mud motor bent typically equal to 1.15-1.5 degrees at the adjustable mud motor bent sub 

and the borehole trajectory is curved down to the right (Figure 2.4). It is the typical borehole and 

mud motor position if the mud motor slides in a downward well path. In such situation the 

drilling bit turns round while the motor bend holds it toward particular side of the borehole or 

tool-face. As well as, when we use TBS, the angular position at which the drill bit speed should 

be maximal if the string is continuously rotated. The mud motor can be rotated 180 degrees from 

the planned well trajectory (Figure 2.5). In such position, mud motor speed will be minimized 

while the TBS method is applied. As we repeat the sequence, it is become possible to maintain 

inclination angle drop of the trajectory [15]. 

 

Figure 2.4. Rotated motor pointed in the direction of borehole curvature  

 

Figure 2.5. Rotating motor pointed against the direction of borehole curvature  
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Figure 2.6. Bent sub and motor shown dropping inclination using upper stabilizer   

 

 

Figure 2.7. Bent sub and motor shown building inclination without using upper stabilizer  

Considering the different applications of the rotary BHA principles in the way they are typically 

applied to motors with bent housing, we may say that method of periodical variations of some 

particular drilling parameters as a tool-face function is not totally a new technique; although, 

TBS applies such pattern to provide control on trajectory in 3-dimensions instead of two 

dimensions. Thus, this technology has all the benefits of proven products like RSS technology 

while the cost of drilling is lower.  

TBS method was invented and tested in the USA. It was quickly accepted as a low BUR assist 

tool. Original tests confirmed that small drill bit sizes show higher build-up rates (BURs), when 

larger drill bit sizes show lower BURs in the same environment. For example, a 4.75 inch TBS 

tool with a 6 inch drill bit can provide build-up rate around 2.5 - 3.0 degrees per 100ft. Larger 
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TBS tool sizes, like 8.5 inch tool with 12.25 inch drill bit for instance, can achieve BUR equal to 

0.5 - 1.0 degree in the same environment [16]. 

Applications of TBS method [14]: 

1. Control of TVD (Vertical control) 

2. Drilling horizontal sections 

3. Hold of the angle in tangential sections 

4. Drilling wells with S-type trajectories 

TBS method is especially effective for tangential and horizontal intervals, where it is necessary 

to hold the current angle only correcting it time to time. Low build up rates are very helpful in 

such situations and can provide very high precision of drilling [16]. Long tangential sections as 

well as horizontal tangential sections are difficult to drill with a hold since the drill string is 

fighting geological and other natural tendencies which can lead to a natural angle build, drop or 

turn in any direction, and sometimes geology can severely affect the drilling tendency. Wells 

with a S-type trajectory are one of the most complicated cases for applying TBS method, since 

the same BHA has to be used to drill all of the wellbore sections ï vertical section, build section, 

tangent section, drop the angle section and finally a vertical section again. In the process of 

drilling all of these sections proper directional drilling control for azimuth and inclination should 

be provided while continuously rotating. Though, in some situations it is possible to provide 

some amount of sliding. But if the amount of sliding will be too high then it may be assumed that 

applying TBS technology on the particular well was failed. 

2.2.3. TBS method advantages 

1. TBS system effect easy to prove. Thus this technology became commercially successful 

relatively fast. The technology provides combination of accurate directional control with using 

MWD systems and the PDM hydraulic horsepower which guarantee high level of reliability, 

measurement capabilities and drilling effective capacity. TBS method and related technologies 

used in conjunction with this method are well understood by specialists in the oil industry. TBS 

drilling concept is easy to grasp by both office and rig-site personnel even if they have minimal 

experience. Minimal theoretical explanation and technical experience are required [14]. 

2. TBS method allows the full 3-dimensional directional control with continuous rotation of the 

drilling string [16]. 

3. Since the fact that TBS method uses a conventional mud motor with a bent sub in its typical 

BHA, it can be used for steering while drilling by carrying out drilling in sliding mode to control 

azimuth and inclination of the. Actually, it could be the biggest advantage of targeted bit speed 

method [14]. The directional driller can stop TBS drilling in any point of time and start to steer 

the drill string in a conventional way by orienting mud motor in the hole and drilling by slides. 

Sliding operations during TBS drilling are usually carried out when planned DLS cannot be 

achieved only by means of TBS technology. 

4. The ROP is considerably increased due to the lack of slides and continuous drill string rotation 

in combination with additional hydraulic horsepower from the mud motor. This significantly 

increases the hydraulic power at the bit even comparing to RSS drilling [14]. 
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5. There are two possible ways to control direction of the drilling for TBS method from the 

surface.  The first one is sending hydraulic pulses by changing pump flow rate during short 

periods of time. The second one is sending some RPM sequence by changing rotation rate of the 

drill string [14]. 

6. Design of the TBS system allows transmission of formation evaluation in the same time with 

the process of directional control [14]. 

7. Large experience of using and repairing mud motors and MLWD systems in general 

guarantees good understanding how to maintain the TBS system providing high reliability of this 

system on the same level like it is for conventional sliding drilling. The tools are easy to 

transport and repair due to existed infrastructure and well defined methods of tool maintenance. 

Most of the TBS system elements may be transported by air, thus it is possible to use such 

equipment in remote operations and in offshore drilling [16].  

8. Lost in hole situationôs cost almost the same as it is for conventional mud motor drilling 

method. It is a big advantage comparing to the cost of loss for one RSS unit [14]. 

2.2.4. Comparing TBS method with conventional mud motor directional drilling method 

(case study 1) 

2.2.4.1. Wells chosen for research 

Chosen wells have been drilled on the same oilfield in the same area. Analysis of the drilling 

parameters on these wells can provide a great opportunity to gather the data about TBS method 

performance in a similar environment establishing metrics and research well-to-well 

improvements in performance. In this chapter of the thesis we will describe in details the drilling 

process of the wells using TBS technology and compare the data with several baseline wells 

drilled by conventional mud motor BHAs applying sliding modes. These baseline wells were 

selected with the purpose to represent a typical for considered oilfield well design and run 

performance in general. 

All the wells were drilled using water-based mud with almost identical properties. The targets for 

the wells were placed in the same reservoir formations made up of dolomites, limestone and 

anhydrites. Before the TBS technology has been introduced, such wells were drilled by means of 

steerable mud motors and PDC drill bits. Sliding mode operations often was close to 30% of the 

total time of drilling. Typically, the rate of penetration in the sliding mode decreases on 50% and 

more from the ROP in rotating mode. Thus some reduction in time for sliding could result in a 

significant busting of the overall ROP making drilling process cheaper and faster. 

2.2.4.2.Wells drilled with conventional technology with sliding intervals (without TBS) 

Five wells chosen for comparison have S- or L-shaped well paths. Average measured target 

depth (target MD) is 3200 meters. Most of these well drilled in four or five bit runs. During the 

run 1 it is necessary to kick off and start to build angle. Average angle needed to be achieved is 

21 degree. This angle will be then held during the tangent section drilling. During the runs 

number 2 and 3 tangent section is drilled. At the end of the tangent section itôs necessary to drop 

the angle back to o degree. Drop angle is carried out during bit run number four. Additional runs 

are possible due to drill bit wear or other emergency situations like mud losses. Average rotor vs. 

slide ratio for selected wells is 84.3% / 15.7% on a metrage basis with an average ROP of 6.96 

meters per hour (Figure 2.11, Figure 2.12). 
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2.2.4.3.Wells drilled with TBS method 

For this case 8 wells have been selected. All of the wells drilled on the same oilfield with 5 wells 

drilled with using conventional mud motor sliding method. Wells consisted of a build angle 

section, tangent section, and drop angle section. Typically most of these wells drilled for three or 

four runs. During the 1
st
 run drill string drill s out of shoe of previous casing and then builds 

angle to 10-15 degrees after what drill string pulled out to change a drill bit.  During 2
nd

 run 

angle is built up to 20-25 degrees and then held with this inclination value during tangent 

section. After ROP gets significantly lower drill string will be pulled out for another bit change. 

During 3
rd

 run there is usually a continuation of tangent section with angle hold. At some point 

drop angle section starts so the 20-25 degrees angle is dropped to vertical or close to vertical 

with values of inclination from 0 to 3 degrees. Drilling is continued to target depth. There are 

additional runs are possible most of all due to the drill bit wear or other emergency situations. 

Average interval length of continuous drill string rotation is 98.0%. On the figure 2.11 values of 

slide percentage are provided for every considered well.  

2.2.5. Observations for TBS method 

Although all of the wells have a similar construction and design and drilled on the same oilfield, 

there are considerable differences in ROPs and drilling times of these wells. Possibly, one of the 

explanations for such a difference is that the rig crews as well as directional drillers and MWD 

engineers became more familiar with technology from well to well thus improving efficiency of 

their decisions and actions and by this decreasing the amount of slide and increasing the ROP. 

On a basis of separate drilling intervals, some improvements are recognized from well to well. 

For example on some wells with higher values of inclination angles total ROP is higher and slide 

percentage is lower than on other wells where inclination is lower. Percent of drill string rotation 

increased from 84.3% in the wells drilled with conventional method to 98.06% for well drilled 

with TBS method. Drilling rates of each of the TBS well show significant improvements (9.59 

m/hr) comparing to the wells drilled with conventional technology (6.96 m/hr). 

2.2.6. Conclusions/recommendations for TBS method 

Targeted-bit-speed method allows effective continuous 3-dimensional directional drilling control 

for S-type and J-type trajectories of the wells.  

Considering the fact that the selected wells with TBS as well as with conventional method were 

drilled  with essentially almost the same types of equipment, same drilling parameters and mud 

properties, allowing us to provide consistent and clear analysis of efficiency of every method and 

evaluate advantages and disadvantages for it. 

To utilize the full potential of targeted bit speed technology, it is crucial to improve mud 

cleaning system and provide a proper control for mud parameters. 

ROP increased in all of the wells with TBS method applied. Percentage of sliding vs. percentage 

of rotating significantly decreased on footage and time basis. Average ROP for TBS wells 

significantly higher. Percent sliding decreased on 14.0%.  Average rate of penetration has been 

increased by 27.5%. Also, several wells were drilled with TBS method with 0% of sliding which 

means that efficiency of TBS method on these wells is the same as for RSS technology.  
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Figure 2.8. Typical BHA for TBS drilling  

 

Figure 2.9. Well paths for some of the selected wells 
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average ROP with TBS - 229.3 m/day  

avergae ROP without TBS - 167.2 m/day  

Figure 2.10. Comparison of ROP  (m/day) for wells drilled with and without TBS method 

 

Figure 2.11. Percentage of sliding for the wells drilled with and without TBS method 
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Figure 2.12. Percentage of rotating for the wells drilled with and without TBS method 

2.3. Rotary steerable systems  

2.3.1. Rotary steerable systems basics 

Rotary steerable systems (RSS) can overcome some of the mud motor limits. 

 

Figure 2.13. Early rotary steerable tool concepts 

RSS are the directional tool that allows maintaining inclination and azimuth of the well path in 

the targeted direction while continuously rotating the drilling string. There are different concepts 

of rotary steerable systems today.   

First mention about mechanical RSS can be found somewhere in 1960-s literature sources. The 

fundamental concept of these systems has lots of similarities to the modern rotary steerables. 

figure 2.13a shows a system concept created in 1955 [17]. This concept uses an eccentric non-

rotating sleeve which allows directing the drill bit in a target direction.  

Another system is shown on the figure 2.13b. This type of system was patented in the year 1959 

[18]. This system used guide shoes activated by hydraulic power with stub near the drill  bit to 

provide control for the trajectory in a manner that is quite similar to some of the modern types of 

RSS. The guiding shoe was powered by pressure of the mud flow and could be retracted or 



18 

 

activated without ROOH operations. The main goal of creating such tools back there was to 

eliminate the necessity of additional ROOH and RIH operations for setting whipstock on the 

bottom.  

There are much more examples of tools that were patented with the purpose of more effective 

directional drilling before steerable mud motors started to dominate the oil market. Tools 

provided directional control by pointing the drill bit or by pushing the drill bit in the target 

direction. Modern RSS tools are very similar to these first concepts. Though, none of these old 

steerable systems were successful commercially. 

The early RSS tools were mechanical because such things common for the modern world like 

hydraulic MWD systems, downhole electronics, computers and control systems did not exist at 

the time of introducing RSS concepts. Work on RSS was abandoned as mud motor directional 

systems got widely accepted and commercially successful. The wide spread of mud motors as a 

directional control tool over the RSS concepts was related to the fact that mud motors can be 

oriented from much easier and more consistently than the RSS sleeves [3]. 

The lack of any success of the first RSS did not prevent the further research attempts in this 

direction. After almost 40 years of directional control by steerable motors, new wave of interest 

grew to the rotary steerable system concept due to the increasing complexity of well trajectories. 

One of the reasons why RSS technology was resurrected after several decades of mud motors 

monopoly is growing necessity in drilling ERD wells. The capability of mud motors was not 

enough to meet the requirements of efficient and cost effective drilling of ERD wells. The 

horizontal limit for wells drilled by BHAs with mud motors was equal to 16,000 ft (almost 

5000m). On the lower depths quality of trajectory control is significantly worse and direction 

control itself becomes much more complicated. RSS tools allow to increase lateral reach of the 

wells almost twice up to 28,000 ft. Direction control was also improved. Nowadays the 

maximum reach MD for rotary steerable systems is more than 35,000 ft [19]. 

Another area where RSS became highly appreciated is offshore drilling with its complex ERD 

horizontal wells with complicated geometries of well paths. Steerable mud motors are not 

suitable for some of such wells and most probably use of motors will  not be economically 

effective even if it would be technically possible. 

Figure 2.14 shows an example of the trajectory of the well that can be drilled with RSS system. 

According to the drilling program it was required to carry out 255 degree azimuth turn and hold 

the inclination angle value above 88 degrees. In addition it was necessary to provide strict anti-

collision control due to the lots of neighboring drilled wells.  
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Figure 2.14. Well path drilled  with RSS that could not be drilled with steerable motor 

Extended reach wells trajectories are continuing to become more and more widespread because 

of the capabilities of rotary steerable systems. Drilling with RSS provides serious advantages 

making drill ing of challenging ERD wells possible. These advantages will be reviewed in the 

next section related to RSS technological and operational aspects. 

2.3.2. Rotary steerable system technological and operational aspects 

In this thesis technological aspects of the rotary steerable systems will be reviewed on the 

example of Weatherford ñRevolutionò Rotary Steerable System. 

Modern rotary steerable system designs were introduced to the industry in the early 1990ôs. Two 

basic RSS concepts currently exist. The first one is ñpush-the-bitò and the second one is ñpoint-

the-bitò concept. Pushing the bit method refers to exerting lateral side force applied on the drill  

bit during drilling process. Pointing the bit is more complicated from the technological point of 

view and involves bending the BHA so that the drill bit is pointed in the planned direction. 

Point-the-bit is generally considered as being superior to push-the-bit concept, resulting in 

smoother well bore trajectories with increased dogleg capabilities [20]. 

 

Figure 2.15. Comparison of push the bit and point the bit technologies 

RSS development was driven by the technological opportunities and economic advantages which 

could be acquired due to steering the wellbore trajectory while continuously rotating the drill 

string. Operatorôs demand was driven by the growing difficult y of well profiles, some of which 
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were not possible to drill using only conventional steering systems available at this time. There 

are advantages provide by applying RSS in the directional drilling process [20]: 

-  Save time spent on aligning of tool face while steering with motor; the RSS tool controls 

it automatically. 

-  Over 50% increase of total ROP while rotary drilling instead of sliding with a mud 

motor. 

- Improved hole cleaning which results in a higher consistency of ECD values comparing 

to steering process with a mud motor. 

-  Drag is significantly reduced comparing to motor sliding. The result is a more consistent 

WOB and reduced stress on down-hole equipment. 

-  Less possibility of the drill string stuck if itôs rotating most of the drilling time. 

-  Deviation rate is more consistent because there are no changes in drilling modes between 

sliding and rotation for producing the required DLS. 

- PDC drill bits with more aggressive designs can be applied and optimized for ROP 

performance, rather than a balance between ROP performance and ability to control tool 

face while using a mud motor. 

- Well profiles are smoother, without transition ledges resulting from changes between 

sliding and rotating modes. 

- Improved quality of MLWD data due to continuous rotation process. Slide intervals 

would have to be reamed to obtain the same level of results. 

- Reduced possibility of wet trips. These wet trips can result in slower tripping in and out 

speeds and are associated with motor draining. 

2.3.3. Operational overview 

The Weatherford Revolution system is the 4.75 inch RSS applying the point-the-bit technology 

in its construction which improves wellbore quality and drill bit life. This RSS uses a near drill 

bit stabilizer for orientation of the drill bit axis with the desired borehole trajectory direction. 

Testing and experience show that point-the-bit technology drills smoother and cleaner wells by 

cutting formations with the face of the drill bit. The Weatherford RSSôs simple and compact 

design makes it cost-effective, reliable and easy to scale-up for various tool sizes [20]. 

 
Figure 2.16. The 4 3/4ïinch rotary steerable system 
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A non-rotating RSS sleeve is used with special paddles to restrict it from simultaneous rotation 

with the whole drill  string. RSS drive shaft is constructed to send torque through the down-hole 

tool to the drill bit. Rotation between the central RSS shaft and the non-rotating sleeve drives a 

hydraulic pump. The pump generates the force necessary to offset the drive shaft within the RSS 

sleeve in the required direction. When changes in trajectory direction are necessary, hydraulic 

pistons are energized and thus activated to provide deflection of the shaft from the sleeve of 

stabilizer centerline. Shaft deflection forces the drill bit to point in the opposite direction [20]. 

 

Figure 2.17. Shaft deflection during steering process 

The RSSôs inner navigation control system directs the internal hydraulic system via a solenoid 

operated electrically. The solenoid provides energy to some particular pistons, controlling by 

these means tool-face and trajectory deflection. 

 

Figure 2.18. Deflection of RSS during testing 

If  the outer sleeve needs to begin to roll, the RSS electronics make the hydraulic system to 

maintain the required deflection and tool-face settings. Sensors installed on the central shaft can 

measure actual deflection, actual drill  string tool-face, and relative rpm between the shaft and 

sleeve. Power for the control system is provided by internal lithium batteries. The electronics 
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insert houses a near-bit inclination sensor, and also has a provision for near-bit gamma ray and 

azimuth measurements. Uplink telemetry can be accomplished with mud pulse via an internal 

connection with MLWD system [20]. 

Deviation rates and tool-face values are set from the surface using changes of rpm. Parameters 

can be changed in 4-9 minutes. The Weatherford RSS can operate in 4 modes [20]: 

1) Drilling mode in which energized pistons maintain preplanned deflection rate and direction of 

drilling. 

2) Pump-back mode energizes all pistons making the outer sleeve rigid. It is holding the shaft 

concentric with the stabilizer sleeve. This mode recommended for back-reaming and tripping 

operations. 

3) Stiff mode (similar to previous mode) the pistons are energized up to 100% duty cycleïunlike 

pump-back mode actuating pistons when some correction is necessary. 

4) Neutral mode in which all pistons are not energized and the outer sleeve is free to move 

relative to the RSS shaft. Any time when drill -string rotation stops, the RSS tool automatically 

goes into neutral mode. It is not recommended to use neutral mode for reaming. 

2.3.4. RSS BHA configuration 

The standard RSS BHA configuration may consist of the next elements [20]: 

 

Figure 2.19. BHA wi th RSS (drilling straight) 

The RSS outer sleeve, dog sub and stabilizer are all have true gauge or close to it. Testing and 

experience show that this is the optimal BHA configuration for maximum directional drilling 

performance with the RSS tool. The RSS is capable to provide DLS up to 12 degrees per 100 ft 

or even more in some cases. At 90 degrees inclination values tests have shown that with zero 

deflection parameter the RSS tool tends to hold inclination angle or provide a slight build. This is 

rock formation dependent and thus it may vary to some degree from one well to another. 

To build inclination angle at 6 degrees per 100 ft with this RSS tool with little or no turn, a 0 

degree tool-face and 50% deflection should be selected. The resulting surveys should be checked 

and then settings should be adjusted accordingly to obtain the required DLS and counteract any 

azimuth turn. Better to be aware that rock formation changes can have a considerable impact on 

RSS tool response. The BHA achieves the build by deflecting the outer sleeve upwards and 

internal RSS shaft downwards, which in its turn pushes the drill collar above the pivot stab 

downwards. The pivot stab points the dog-sub and drill bit upwards to build inclination angle. 

This is illustrated on the figure below: 
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Figure 2.20. BHA with RSS (drilling with deflection)  

To drill in any other direction it is necessary to change the tool-face. To generate different DLS, 

it is necessary to change the deflection. The RSS tool may take some time to react on applied 

changes in settings, but typically only a couple of minutes. 

2.3.4.1.   Tool configuration considerations 

The RSS is typically run with the MLWD system. This allows the directional driller to see 

operational data from the RSS such as actual tool-face, actual deflection, down-hole rpm and 

confirmation of changes in settings. RSS can be run stand-alone as well (without MLWD). 

Although, run without the MLWD, the directional driller would not see any real-time data 

related to the RSS performance, or whatôs even more important, the data about receiving settings 

changes by tool. The only way to check the performance of the RSS will be to analyze the 

MLWD surveys. This will significantly reduce the possibility to detect problems in time and thus 

will decrease the ability to stay on the projected well path [20]. 

The point-the-bit RSSs are usually run in a couple with PDC bits. Unlike for push-the-bit RSS, 

gauge length and side cutting ability are less critical, so drill  bit optimization and selection is 

more similar to the principles applied to conventional rotary BHAs [20]. It worth to remember 

that there is no necessity to include features into the drill  bit design to allow the chosen BHA to 

maintain tool-face easily which is normally required for mud motors. Thus, more aggressive 

cutting elementôs angles can be applied with the point-the-bit RSS to maximize drilling rate. 

More detailed information about drill bit selection for RSS can be found in chapter 3.2 related to 

drilling bits. 

2.3.4.2.   Drilling parameter considerations 

Drilling fluid  flow and pump pressure are typically selected according to the requirements for the 

MLWD tools. WOB usually is not an issue which can affect on the choice of the RSS. However, 

RPM is an important factor because all signals and commands for setting changes are transmitted 

by changing the RPM values. Thus it is important to know in advance the RPM range that can be 

provided by the drilling rig equipment including: 

- The maximum and minimum RPM that the drilling rig can provide for consistent rotation off-

bottom. 

- Possible or planned drilling RPM range while on the bottom. 
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Figure 2.21. RSS size configurations 

 

2.3.4.3.Drilling practices 

The RSS BHA should be treated as a rotary assembly during drilling process. It is important to 

optimize drilling parameters to avoid vibration, downhole shocks, and stick-slips. 

The point-the-bit RSS is capable to operate at up to 250-290 rpm, but due to stick-slip problem 

down-hole rpm may become higher than this, as well as the drill bit can even stop for a period of 

time that may turn off the tool. In case of significant stick-slip, directional performance suffers 

and maintaining constant tool-face and deflection rate wil l be more difficult  [20]. 

If stick-slips are seen during drilling on the bottom, the drill  bit should be raised off the bottom 

on 5-15m and after that the rpm should be increased. It may become necessary to change the 

rotary table or top drive to other model providing higher RPM and then return to drilling process 

slowly increasing WOB, to see did the increased rpm improved the stick-slip parameter. If the 

increase of RPM doesnôt have any effect, then it is necessary to reduce the WOB. Combination 

of different RPM / WOB variations should be tried to reduce the stick-slips. The ROP decrease 

will  be seen, but it should be remembered that it always better to have good directional control 

with moderate ROP than high ROP with reduced directional control. Reduced directional control 

may lead to situations when the drilling interval or even the whole well may be needed to be re-

drilled.  

If the stick-slip cannot be reduced by all methods stated above then engineers should consider 

the possibility of running a different type of drill bit. Also, lubricants may be added in the 

drilling mud to reduce stick-slip generated by the drill bit. 

If the stick-slip problem is seen on and off the bottom of the well, then the most probable reason 

for that is a combination of the BHA interaction and drill -string interaction with the wellbore 

trajectory. Some lubricants should be added to the drilling mud system in this case to decrease 
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the stick-slips. Hole cleaning quality also need to be checked as a poor hole cleaning may be 

another reason for stick-slip occurrence. BHA and drill string for subsequent bit runs should be 

improved or altered according to the drilling environments to reduce the possibility of any 

components causing stick-slip and torque & drag.  

2.3.4.4. Mud and lost circulation materials 

The RSS tools typically are very tolerant to adding lost circulation materials (LCM) in the mud 

because there are no restrictions inside RSS small enough to become blocked by LCM. Most 

often, the limiting factor for using LCM of some particular size is MWD tools.  MWD pulser, 

normally has the smallest LCM size restrictions in the BHA, typically safe size of LCM particles 

for adding it in the mud flow without applying pipe filters or activating valves is 3-5 mm. 

The RSS should be resistant to many different mud types. Before running the tools with some 

new type of mud a rubber compatibility check must be carried out to ensure that the drilling mud 

does not significantly affect the diaphragms and rubber seals. 

2.3.4.5. Tight hole / stuck pipe 

Using RSS reduces the possibility of stuck pipe compared to directional drilling with 

conventional mud motors since the drill string is rotating most of the time, including when 

steering is necessary and stops only when we need to make pipe connection or when setting the 

RSS tool (about 15 seconds). The constant rotation benefits borehole cleaning. Before changing 

the RSS settings directional driller must ensure that torque and drag are not an issue to avoid 

possible stuck.  

If the pipe is stuck, the rotary steerable systemôs design allows withstanding maximum over-pull 

values according to its specifications. Jarring on the RSS is highly not recommended unless if it 

is really essential. 

2.3.5. RSS and steerable motors 

Commercial RSS tools were available for about 20 years [3]. Initially it was considered that the 

only application for these tools is the most difficult wells. However, soon it was clear that RSS 

can provide wide range technical advantages over mud motors [21]. Thus RSS have experienced 

continuous growth up until now. RSS technology now accounts for more than 20% of the 

directional drilling footage.  

The rotary steerable systems are still more expensive comparing to steerable mu motors. Costs of 

manufacturing, development, maintenance as well as operational costs for RSS are still on a high 

side. Rotary steerable systems are much more complex than mud motors and that partially means 

that they less reliable. Figure 2.22 shows a comparison of rotary steerable systems reliability 

with other technologies used in directional drilling [22].  
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Figure 2.22. RSS reliability will follow a well established industry trend. 

Directional wells can have construction and well path of different complexity from simple wells 

with J-type trajectory up to extremely complex constructions with several sidetracks, extended 

horizontal reach section and complex well paths with parameters changed in all three 

dimensions. Wells with more challenges usually drilled in a high spread investment 

environment. Such wells make up the main fraction of the projects where rotary steerable 

systems are used. About 90% of all deepwater wells, more than 50% of offshore wells, and only 

3% of wells on surface are using RSS technology according to reports [22]. So, the continued 

growth of RSS will require making this technology more affordable for the less expensive 

drilling environments. 

2.3.6. RSS and steerable motors comparison (case study 2) 

In this section gathered the results of data analysis from 13 directional wells drilled with RSS 

and 5 wells drilled with mud motors. All of the wells drilled in the same area on the same oilfield 

and have a similar construction and well paths. 

Figure 2.23 shows one of the typical BHAs used for a RSS drilling on the chosen oilfield.   

 

Figure 2.23. Typical RSS BHA 

Figure 2.24 shows typical well path for the selected group of wells. 
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Figure 2.24. One of the well trajectories drilled with RSS 

On the figure 2.25 shown geo-steering image of the horizontal section of one of the wells drilled 

with RSS. 

 

Figure 2.25. Horizontal section of one of the wells drilled with RSS 

On the figure 2.26 shown the graph with average ROPs for all of the chosen wells drilled both 

with RSS and mud motors. These values include only ROP data for section drilled with 6 inch 

drill bit since on the selected oilfield RSS is used only for this section.  

As it can be clearly seen from the graph, average ROP for the wells drilled with RSS is 

significantly higher comparing to the ROP for the wells drilled with mud motor. The main 












































































































































































