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ABSTRACT 

Drilling a well is a cost intangible, because a well costs millions of dollars, so the more dollars that is spent in a 

well, the more oil and gas has to be produced over the life of a well. If costs are not accurate, the economics change after a 

well has been drilled, as a result, the estimated costs are risked i.e. a success factor is placed on the well. The lower the 

factor, the lower the chance of success and an estimated cost can change the risk profit of any well. These days the 

improvement of drilling technology is so challenging, however most of the wells drilled in around the world directional 

wells are. For effortlessness, a directional well is one that is not vertically drilled purposefully or inadvertently. As drilling 

activity expands more and more places are becoming inaccessible hence the need for directional drilling. It is essential to 

comprehend the requirement for directional wells, as well as planning and execution. The idea of directional drilling has 

changed the way wherein wells are drilled everywhere today, from simple deviated wells to horizontals and multilateral 

wells; the wells made an unavailable areas accessible while increasing the area for drainage by each well drilled, with the 

wide application of such methods in the world. This paper represents an overview for directional wells with emphasis of 

the application using real field data, a case study from Poland related to J-shape, S-shape drilling profile .Moreover, 

directional and horizontal drilling provides more access to the oil reservoirs, thereafter more oil will be produced over 

vertical wells. 
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INTRODUCTION 

When drilling started in the early days of the 

search for oil and gas, it used to be vertical drilling only. 

The objective was to reach to a certain depth. True 

measurements of where the well was placed according to 

coordinates below ground were not considered critical. As 

drilling got more challenging, the field of directional 

drilling took off, as directional drilling is able to plan and 

execute very difficult well paths [1]. In everyday drilling, 

the objective is to stay the course and get the well to total 

Depth. The shape of the well could be vertical or 

directional. Keeping the well vertical is one of the most 

challenging tasks [2]. When the length of the drill pipe 

reaches three singles, or one stand, the pipe becomes bent 

because of its own weight sagging in air due to gravity [3], 

similarly, when this pipe is sent underground, it bends 

underweight and tends to deviate in any direction that the 

forces push it. In some instances, this can be acceptable, 

while in others it can be detrimental. Directional drilling is 

the art of intentionally deviating a wellbore along a fixed 

path [4], determined for numerous reasons by the 

operating company in conjunction with the directional 

company. In order to plan a directional well, one must 

know what the objective is of the well and the coordinates 

of the intended target below the surface. [5, 6], Side-

tracking as shown in figure 1 was the first intentional 

method of directional drilling, which was to avoid a fish. 

A fish is an object that fell down the wellbore or got left in 

the wellbore once a piece of equipment broke off. The 

primary objective in this kind of a well is simply to get 

away from the obstruction, and direction is not important, 

some sidetracks are done to find out the extent of the 

reservoir, while others are done to create another wellbore 

in a different direction. Some wells are required to access 

resources below ground that are directly beneath an area 

where a drilling rig cannot be placed due to an obstruction 

at the surface, Inaccessible Location as shown in figure 2. 

These reasons could be the presence of populated area, 

river, mountain, jungle etc. In some instances, it is cheaper 

to place a land rig to drill a deviated well below the sea 

than to place an offshore rig directly above the target area 

[7], One of the most difficult wells to drill is a vertical 

well, so maintaining verticality is challenging, because 

getting a flexible pipe to drill a straight hole is quite a 

challenge [8, 9]. In several occasions, especially in the 

foothills region of Alberta, Canada, keeping a well vertical 

can be a huge task. The reasons are beyond the control of 

the operating company; high dipping beds of the formation 

are created because of tectonic forces in the area [10]. The 

solution has to come in the form of directional drilling, 

where specialized equipment is used to maintain the 

verticality of the wellbore. Conventional forms of using 

specialized bottom hole assemblies fail in such situations, 

because the dip of the formation throws the assembly in a 

different direction each time. One of the special 

applications of directional drilling is the drilling of relief 

wells [11], where a well is drilled to intersect another well, 

which has gone out of control, and is burning or flowing 

hydrocarbons at an uncontrollable rate. The best example 

is that of the Macondo well in Gulf of Mexico, which 

caused the biggest spill of oil in the history of the United 

States. The well was finally brought under control because 

of drilling a relief well that intersected the Macondo well. 

‘Kill mud’ was then dumped into the relief well as per 

figure 3 to seal the flowing well. [12] Directional drilling 

has managed to reduce the costs of drilling offshore by 

https://www.scopus.com/authid/detail.uri?authorId=57203419112
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enabling the operating company to utilize the limited 

amount of space available on an offshore platform and 

maximizing the reach of each additional well, and vast 

majorities of fields are located offshore, and more 

exploration is carried out each day to find resources 

beneath the sea. The cost of each platform is huge; as a 

result, extra effort is made to plan the wells to be drilled 

out of that platform so that they use all the available space. 

If the wells were to be only vertical, several platforms 

would be required to access the entire field, and that would 

be uneconomical. As a result, wells are directionally 

drilled to ‘step-out’ from the platform distances of up to 

10 km each. [13] Since salt is a natural trap for 

hydrocarbons, many oil and gas fields are located in places 

where salt is the cap rock. Drilling through a salt dome can 

be very difficult, as salt is dissolved in the drilling mud 

and makes a huge cave, which then becomes difficult to 

handle. This difficulty arises as a result of not knowing the 

extent of the cave created by the drilling; in not knowing 

that information, one cannot predict the amount of cement 

required to set the casing in place. In such a situation, the 

best scenario is to keep the rig to one side of the salt dome 

and to drill directionally to reach below the salt dome and 

access the hydrocarbons. [14] Horizontal wells have found 

the most application in the industry today, especially in 

Canada where wells are drilled to produce heavy oil deep 

in the ground that was unable to be recovered with 

previous methods. A horizontal well was drilled to a curve 

section, to build the inclination of the wellbore to 90 

degrees. Then held at that angle for a considerable length 

of the wellbore [15]. The horizontal wells are divided into 

several categories: medium, short and long radius. The 

radius refers to how quickly, in the rate of build, the well 

is brought to 90-degree mark [16]. Several types of 

directional wells named J-type and S-type these are known 

by their shapes of the wellbore path. J-type, in this type of 

the well, the wellbore is deviated after a certain depth to a 

planned inclination, and then is held to the target depth. It 

has another name as ‘kick-off & hold,’ or slant well. This 

is the most common type of directional well drilled due to 

the simplicity of its design. The S-type well is similar to 

the J-type in the first part, and then the well is brought 

back to vertical or near vertical to get to the target. S-type 

well is most suited in conditions where a specific 

geological formation or complexity needs to be avoided.                                

 

 
 

Figure-1. Sidetrack applied on different geological 

formations. 

 

 
 

Figure-2. Inaccessible location (Target). 

 

 
 

Figure-3. Relief well for well control. 
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TERMINOLOGIES 

In order to plan a directional well, terminologies 

related to different inputs are so essential. These 

terminologies including, for example, kick-off point, and 

that is well-defined as a point in the wellbore at a given 

vertical depth below the surface up to a given inclination 

at a given build rate. The selection of the kick-off point is 

made by considering the geometrical well path and the 

geological characteristics, the optimal inclination at 200 ft. 

KOP depth since the maximum inclination is 18.87º, 

which is beneath 35º, where if the trajectory planned at 

600 ft. hole problem might happen. [17]. Another example 

is related to build-up rates, initially inclination is built 

from vertical, or dropped back from an existing inclination 

angle at these rates as well as inclination, azimuth, hole 

section, dogleg severity and measured depth are 

considered to play a major role in the terminologies 

mentioned [18]. Several pieces of information are required 

in the calculations of directional drilling, for example, the 

target and that includes the size, shape, primary and 

secondary [19]. Geology is vital like structural description, 

Dips, Fault locations, and Formation hardness [20]. In 

addition, offset well data, directional tendencies, formation 

tops, bit records and problems encountered. Moreover, 

well rig limitations, which involves in pumps, rotary, and 

a draw works. Bottom hole assembly, mud motor, drill 

collars, stabilizers, and others. Drilling parameters, like 

mud type and dogleg severity permissibility. As well as a 

survey available, accuracy requirements. Pipe and collar 

data, which involves in stuffiness factor, buoyancy factor 

and deviation factor. Furthermore, expected well 

productivity and casings [21]. All effort should be made to 

ascertain an achievable target size; the smaller the target 

is, the more difficult it will be to achieve during execution. 

Survey tools required would need to be more accurate, and 

hence the cost of drilling such a well could go up. In ideal 

situations, a circular target size is a 50m radius. Target can 

also have a primary and secondary objective (i.e., the 

geologist might want to obtain information from two 

different zones or formations). In such a case, information 

regarding what angle to approach the second target with, 

or the difference in height between the two targets, would 

determine if the well planning can be achieved or not for 

that specific target [22]. Most of the well planning relies 

heavily on subsurface geological information, and each 

piece of information is critical in proper well planning. For 

instance, formation tops determine casing depths [23], 

which then determine what possible angle the well would 

have to be at each casing depth. The formation tops also 

determine what angle might be planned for a specific 

formation if that formation tends to ‘throw’ the bit into a 

particular direction or tends to drop/build in rotary drilling. 

Similar to geology, the offset well data is another set of 

information crucial to planning a directional well. If an 

offset well had encountered certain problems with relation 

to the directional BHA response, then the lesson learned 

would help in determining the correct BHA for a particular 

section of the well. Having information on formation tops 

could help prevent entering a zone of high pressure 

without a change of the mud system, and thereby prevent a 

catastrophic consequence. Information related to bit usage 

can be best utilized to maximize the rate of penetration for 

each section planned. On a similar note, if adverse 

experiences were recorded in a particular section of the 

well, a change of bit type or structure can be planned for 

optimizing the rate of penetration. Having knowledge of 

key seats, sloughing shale, tight hole and directional 

tendencies can help in averting disasters while drilling 

[24]. 

 

RIG EQUIPMENTS 

In many circumstances, what the rig can deliver 

is the deciding factor in terms of what bottom hole 

assembly can be run in the hole to deliver the desired 

results. For example, if the plan is to drill to a certain 

depth and the calculated rotary torque will exceed the rig 

limitations, then either the well will need to be re-planned 

or a different rig will need to be sought, depending on the 

planning stage. Similarly, if the well is supposed to have a 

certain length of casing run in a hole size, the rig draws 

works/drilling line should be able to pick up the weight of 

the casing string to be run. When planning directional 

wells, a consideration needs to be made for the directional 

tools; these tools tend to have a certain pressure loss 

associated with them, and could result in a higher pressure 

at the standpipe than with conventional rotary drilling. The 

pumps, therefore, need to be able to sustain the required 

pressures in order to successfully drill the desired well [25, 

26]. Depending on the task, bottom hole assembly, BHA 

selection needs to be carefully analysed [27]., by knowing 

what drill pipes, drill collars, stabilizers and down hole 

tools are required, planning can be done to ensure that the 

proper makeup of tools is available at the well site. In 

most contracts, the drilling contractor supplies the basic 

drilling equipment but if there are special requirements, 

those must be supplied by the operating company. These 

specialized drilling equipments can be non-magnetic drill 

pipes/collars, non-magnetic stabilizers, casing wear 

protectors, high torque connections etc. Depending on the 

hole size to be drilled, directional equipment would need 

to be communicated to the directional service provider. If 

rotary, build/drop or hold, bottom hole assembly are 

planned, then knowing the size of available stabilizers 

would help in planning for these bottom hole assembly. 

Each section must have the bottom hole assembly, BHA, 

which has the ability to pass thorough the previous casing; 

therefore, the outer diameter of the BHA must be less than 

the drift of the previous casing [28]. 

 

DRILLING PARAMETERS 

A critical factor in planning is the type of drilling 

fluid to be utilized for the well. Knowing the type and 

formulation of the drilling mud can assist with the proper 

selection of BHA. In some invert mud systems, the 

presence of silicate can be detrimental to the rubber in the 

down hole tools and surface equipment. This can reduce 

the life of a mud motor [29], measurement while drilling 

(MWD) tools and mud pump liners. Together with offset 

data, optimum mud parameters can be obtained at the 

planning stages to prevent bad hole conditions, which can 
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be detrimental to the execution of the directional well. The 

right properties can aid in the directional well execution 

stage by helping the directional driller to slide the BHA 

when required and prevent BHA hanging. On the other 

hand, having an improper drilling mud can result in BHA 

being lost in hole, resulting in either a sidetrack being 

planned or abandonment of the hole. In some cases, there 

is a limitation on the severity of the build or drop rate 

coming from production. This could be due to the 

completion string to follow at the end of the well. As a 

result, the well must be planned to conform to the 

requirements of the build/drop rates [30]. In all directional 

wells, survey instruments play a major role in determining 

the coordinates of the wellbore being drilled in three-

dimensional space. Without the survey tools, the location 

of the BHA (and therefore the wellbore trajectory) cannot 

be monitored. Knowing the presence of nearby wells can 

help to determine which type of survey tool to use in order 

to overcome possible interference in readings due to the 

presence of magnetic casing string. In addition, in cases 

where multiple wells are planned from one main hole, 

having the survey tool with the proper tolerances and 

accuracy would ensure that the well is drilled within the 

window allowed. The survey instrument with the best 

accuracy in the industry is the gyro tool [31], which is 

used in wells where nearby magnetic interference is of 

concern (as is the case with offshore platforms). The basic 

property of the drill pipe and collars are required for 

effective well planning. When drilling short radius wells, 

these properties play a major role in determining the life of 

the pipes/collars. These properties also determine the flow 

and hydraulics requirement of the bottom hole assembly, 

(BHA), as well as flow regimes in and around the BHA. 

Turbulent flow is required for effective hole cleaning and 

proper lifting of cuttings from the bit to the surface [32, 

33]. Wellbore pressures [34], and completion can 

determine the size of the casings to be utilized, and that 

determines the different casing sizes to use. These sizes 

would in turn determine which tool sizes can be planned 

for in-the-hole sizes to be drilled. Some specialized tools 

can only be run in specific hole sizes; therefore, by 

knowing what is required, the proper string can be 

selected. For mud motors, knowing the drift of the casing 

will determine the maximum bend housing angle that can 

pass through the casing, which would result in the 

limitations on the build rate severity of the bottom hole 

assembly.  

 

EXECUTION OF DIRECTIONAL WELLS 

Once the plan is in place and proper equipment 

has been sourced, the next phase is to carry out the drilling 

of the directional well. Having the right people on the job 

cannot be emphasized enough. One of the major reasons 

for problems while drilling a directional well goes back to 

incorrect inputs when measuring the offset angle [35], on 

the motor bend housing from the survey tool. A directional 

driller who knows the area where the well is being drilled 

is an important part of a successful planning and execution 

of the well plan.  If the well is being drilled off a pad or an 

offshore platform, colliding with other wells becomes the 

major concern. This concern is heightened even more 

should the wells nearby be producing hydrocarbons. 

Planning for anti-collision [36], starts with a collection of 

survey data from all the nearby wells. These are input into 

well planning software to map out the distances between 

wells. This information is then used by the directional 

driller on the well site to navigate through the web of other 

wells in the vicinity. One of the plots generated to view 

this data is referred to as a spider plot. Due to the 

intricacies of well planning and execution, a proximity 

analysis is also performed to measure more accurately the 

distances to the nearby wells. This analysis is referred to 

as a travelling cylinder. This involves imagining a cylinder 

with a given radius enclosing the wellbore from one depth 

to the next. Any well entering this cylinder or approaching 

closer than the radius of the cylinder to the central well is 

plotted and displayed graphically. Another way to 

understand this plot is to consider someone riding a water 

slide. The person is always in the Centre of the slide as 

he/she slides down, but in three-dimension, the relative 

position to the ground is always changing. If that person 

stops at some point and looks outside, he/she can see 

where the other wells are with respect to his or her 

position. This same scenario is displayed in a travelling 

cylinder with the subject well always at the Centre of the 

plot. As with all programs, there is limited accuracy to the 

tools used in calculating the surveys for a directional well 

[37] and some of these tools are more accurate than others 

in determining the position of the wellbore, while others 

are prone to some degree of error. Besides the error from 

the mathematical model of calculations for each tool, there 

is another source of error which is introduced by the down 

hole changes in magnetic field. This change in magnetic 

interference could possibly remain undetected, thereby 

resulting in error associated with azimuth. A study was 

carried out in this regard by (Wolff & De Wardt, 1981), 

where an ellipsoid of uncertainty was proposed along the 

well path to show the probable envelope of the likely 

position of the well based on the error of the survey 

measurement. This method attempted to quantify the 

systematic error associated with either a gyro or other 

measurement tools, and the error due to misalignment of 

the tool in the hole, depth measurement and inclination. 

Understanding this uncertainty is paramount to 

understanding the problems associated with drilling a 

directional well. As briefly mentioned earlier, formations 

have a natural tendency to push the drilling assembly in a 

certain direction. Having the knowledge of the existence 

of these tendencies can aid a directional driller in making 

the right decision about ‘sliding’ or rotating [38]. In the 

process of sliding, the bend housing of the mud motor is 

utilized and the drill string is held stationary from the 

surface and slowly lowered in the hole allowing the bit, 

which is rotated by the power section of the mud motor, to 

be directed towards the intended course of the well path. 

As can be inferred from this action, this process slows 

down drilling considerably; sometimes lowering the rate 

of penetration to less than half of the rotating rate of 

penetration. Using the tendency of the formation, the 

directional driller can plan for the turn, cut down on the 
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sliding, and hence increase the overall rate of penetration. 

For proper execution procedure, a directional driller 

always ‘looks ahead’ to know what to expect from his 

BHA in hole. Due to the makeup of BHA, the survey tools 

are always behind the mud motor by a distance that varies 

with the service provider, but is around 15 m behind the 

bit. Given the action carried out, the directional driller 

calculates the probable course that the BHA [39], the 

directional driller updates his model and takes the 

necessary course of action to keep the well on the well 

plan. Since not everyone in the team has access to the well 

planning software, a well plot is usually displayed in the 

shack of the directional driller, the company 

representative’s office and in the town office of the 

operating company. On the well site, the responsibility of 

updating the well plot lies with the directional driller, 

while the drilling engineer updates the well plot in town. 

The idea is to have a one-look assessment of the progress 

being made on the directional drilling.  

 

SURVEY TOOLS 

Several types of survey tools are utilized, with the 

most common, cheapest tool known as a Totco. This tool 

only provides inclination and is primarily used for 

measuring the inclination in a vertical well. It carries a 

disc of negative film, similar to the one found in old 

camera, along with a timer which, when activated, takes a 

snapshot of the deflection unit. The Totco can be dropped 

or run on a slick line through the drill string. Once the 

timer is activated, the Totco is then retrieved with a slick 

line or pulled out of hole along with the drill string, and 

the disc is developed to know the deviation of the hole 

[40]. Gyros are the most reliable surveying tools in the 

market today, and they are referenced as the benchmark 

for all surveys. A significant advantage of these tools is 

the fact that they do not require a non-magnetic medium to 

take the surveys; they have the magnetic compass replaced 

by a gyro compass disc [41] controlled by a high 

revolution electric motor. Just like the single/multi-shot 

tools, the gyro can measure both inclination and azimuth 

of the wellbore. It consists of a camera, timer and the 

gyrocompass. Figure 4 displays the compass section of the 

gyro tool.  The operation of a gyro tool is different from a 

multi- or single-shot tool. A gyro first need to be oriented 

to a known direction and the timer is set. It is then run in 

hole to the survey point where the survey is acquired and 

the tool is then retrieved to the surface and the survey is 

downloaded. When run on wireline, the Gyro tool is 

powered by the wireline and the surveys can be taken at 

different places and sent to the wireline logging unit in 

real time. This method gives instantaneous results to 

enable the directional driller to make necessary decisions. 

In some scenarios, the gyro tool is run in hole with a side-

entry sub and sliding is done based on the tool-face 

provided by the gyro. The only problem with this method 

is that the string cannot be rotated. Regardless of the 

manner in which the gyro tool is run, one thing is certain: 

it has to have the instrument properly centralized within 

the drill string. For this to happen, two methods are 

utilized: steel centralizers and rubber fingers. 

Measurement while drilling (MWD) tools are the most 

common surveying tools in directional wells these days. 

The biggest advantage these tools have with respect to the 

other tools is that normal drilling can be carried out while 

surveying. In the case of a gyro or single/multi-shot tools, 

one needs to stop drilling while the tools are run in hole 

and retrieved before the survey can be retrieved. [42]. this 

can cause the string to get stuck in a hostile environment, 

with a possible worst-case scenario of losing the string in 

the hole. With the MWD, surveys are sent on the fly and 

decisions are made with respect to the next course of 

action by the directional driller, MWD is based on the 

principle of sending pressure pulses up the mud column 

inside the drill string, where a pressure transducer installed 

on the standpipe picks up the pulses. The computer to 

meaningful numbers to be displayed then translates these 

pulses. The directional driller to orient his motor bend 

housing to the desired direction uses the rig floor display. 

It also displays the survey data for the wellbore. There are 

two types of MWD tool modulation mechanisms: positive 

pulse and negative pulse [43]. In the negative pulse 

modulation method, the tool diverts part of the drilling 

fluid to the wellbore by a side port. This lowers the 

standpipe pressure by a certain amount. When this is done 

in sequence, pressure pulses are created and picked up by 

the pressure transducer on the surface. In the other 

method, a pressure wave is created by closing and opening 

a port inside the drill string with no loss towards the 

annulus. This momentary closing of the port raises the 

pressure inside the string and then creates a drop in 

pressure when opened. Each closed position translates to a 

binary one, and each open translates to a binary zero. The 

surface computer into meaningful data then translates the 

sequence of zeros and ones. With advancements in 

technology, this positive pulse mechanism has been 

upgraded to a continuous siren technology where a rotor 

and stator are utilized with the speed of the rotor varied to 

produce the zeros and ones. This upgrade in technology 

resulted in faster data rates to the surface and 

revolutionized the data streaming.  Another form of MWD 

is known as the electromagnetic (EM) tool [44]. In this 

form of the tool, the signal is sent via electromagnetic 

waves up through the formations and to the receivers 

strategically placed in a grid on the surface. The signal is 

picked up by the receivers and translated into data by the 

surface computers. This method eliminates the need for 

using the drilling fluid as a medium to transport the signal 

to the surface. As a result, the best application for this type 

of tool is in an underbalanced drilling environment where 

air, nitrogen or foam is utilized as the drilling fluid. Since 

the mode of transmission is not drilling fluid, the data rate 

is much higher when compared with regular mud pulse 

systems. A limitation of the EM tool is the depth to which 

drilling needs to be conducted; deeper depths would 

require a signal boost, which would result in faster 

draining of batteries and hence shorter battery life. 

Another limitation could be from the formation; certain 

formations tend to attenuate the electromagnetic signal 

more than others. In this case, prior field knowledge would 



                                VOL. 16, NO. 22, N0VEMBER 2021                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2021 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              2310 

help to plan better and could, in some cases, determine 

that an EM tool cannot be run.  

 

 
 

Figure-4. Gyro compass section (Courtesy 

Baker Hughes). 

 

ROTARY STEERABLE SYSTEM 

With conventional directional drilling done with 

the aid of mud motors, there was a need for a system that 

would be able to steer the well to the desired direction and 

inclination without the need for stopping the drill string to 

slide. A new tool was sought which would enable the 

steering in a completely rotational mode only. This idea 

translated into what is known as Rotary Steerable Systems 

(RSS) [45, 46], RSS deploys two methods of deflecting 

the string into the desired direction: point and push. In the 

push-the-bit system, the drill string is pushed into a 

specific direction by mechanical means in the form of 

metallic pads. The system comprises of electronics, a 

power section and a mechanical section that delivers the 

push to the wellbore. Once the directional driller decides 

on the course of action, he sends a command down to the 

tool via a sequence of flow variations, and the electronics 

in the tool recognizes these pre-programmed sequences. It 

then translates them into the direction of push required, 

which is opposite of the desired direction (i.e., if the 

directional driller wishes to turn the wellbore to N 40 

degree E, the tool would activate the pad to be pushing in 

the direction of S 40 degree W in order to achieve a 

direction of N 40 degree E). There are a set of three pads 

placed at 120 degree apart. The push is generated by a 

pointing device inside the housing, which diverts a 

fraction of the flow towards the pads. This squirt of fluid 

is enough to generate a push; the pads collapse after they 

pass the point where the push was required and give way 

to the next pad, which then pushes and collapses, and so 

on. The pointing device is held stationary with respect to 

the collar so the pointing can take place in one direction 

only. The tool has a set of accelerometers and 

magnetometers [47], which update internally the 

inclination and azimuth so that the tool can self-correct if 

the command is to hold at a particular inclination or 

azimuth. This provides an extra piece of information to the 

directional driller, enabling him to know the survey right 

at the bit. This feature facilitates quick decision-making 

and helps to keep a smooth wellbore. The tool is powered 

by a set of turbines, which enables the tool to stay inside 

the hole longer without a need to replace batteries. One 

advantage of this system is that it has a completely 

rotating collar along with the pads; no part of the collar is 

stationary at any point. Unlike the push-the-bit system, 

point-the-bit system utilizes mechanisms by which the bit 

is ‘pointed’ in one direction so that the rotation of the drill 

string would be guided in one particular direction only. 

Several vendors have developed RSS systems to achieve 

the pointing mechanism, that have similarities yet 

technically different from one another. Figure 5 shows 

point-the-bit system developed by Baker Hughes. The tool 

has a set of ‘fins’ that engage with the wellbore and keep 

the steering unit stationary while the rest of the string 

rotates. This helps the unit to be pointed in one direction; 

the fins are collapsed by sending commands to the RSS 

before the tool is pulled out of hole to prevent damage to 

the fins. The tool has a modular design, which enables the 

tool to receive commands from the MWD tool that is 

attached to it; this eliminates the need for sending 

commands via flow rate change. Instead, the surface 

computers are used to send the command down to the 

MWD [48], the tool comprises of a power module, 

steering head and electronics module.  Another system is 

the Halliburton Geo-Pilot point-the-bit system. It consists 

of a shaft supported by two bearings inside an outer 

housing measuring almost 18ft in length. Rotary seals at 

each end completely enclose the tool.  

 

 
 

Figure-5. Point-the-Bit RSS system. (Courtesy of Baker 

Hughes). 

 

RESULTS AND DISCUSSIONS 

 

Approaches to True Vertical Depth 

This is the projection of the measured depth 

along the vertical axis. In other words, if the well is 

vertical, the true vertical depth and measured depth would 

be the same from start to finish but if the well deviates, 

there would be a difference between the two depths 

depending on the inclination of the wellbore. In the 

following figures (Figures 6-9), the difference would be 

displayed graphically. 

 

Approaches to J-type Well Calculations 

Figure-6 displays the schematic of a J-type well 

where the radius of curvature for the build section, R, is 

less than the total displacement of the target presented by 

D2. Here, V1 is the TVD at the start of kick-off point, V2 

is the TVD at the end of the curve at B and V3 is the final 

TVD of the target. B signifies the point at which the curve 
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has been completed, and C points out the depth at TD 

(Total Depth) of the well.  

 

Build-up Rate is defined as BUR = 
°/30m

30
    …………. [1] 

 

Radius of Curvature R = 
180 𝑥 30

𝐵𝑈𝑅 𝑥 𝜋
        …………………. [2] 

 

Ø = 90° - Cos -1 [
𝑅

√(𝑉3−𝑉1)2+(𝐷2−𝑅)2
] + Tan -1[ 

𝐷2−𝑅

(𝑉3−𝑉1)
]   …. [3] 

 

Note: If the value of (D2-R) turns out to be 

negative, then the absolute value needs to be considered 

for calculation purpose. In addition, if calculating in feet, 

the BUR and radius calculations would have the 30 

replaced with 100. Once Ø is calculated, the rest of the 

variables are calculated as follows: 

 

MD @ B = V1 + 
Ø

𝐵𝑈𝑅
         ……………………………. [4] 

 

V2 = V1 + R Sin Ø            ……………………………. [5] 

 

D1 = R (1 – Cos Ø)            ……………………………. [6] 

 

MD @ C = MD @ B + √(𝑉3 − 𝑉2)2 + (𝐷2 − 𝐷1)2   . [7] 

 

For a case where the radius of curvature R is 

greater than the total displacement of the target D2 shown 

in Figure-7, the rest of the calculations are the same except 

the calculation of Ø. Figure-8 represents the schematic of 

a J-type well from Jasionka where the outcome looks 

similar to Figure-7. 

 

Ø = 90° - Cos -1 [
𝑅

√(𝑉3−𝑉1)2+(𝑅−𝐷2)2
] - Tan -1[ 

𝑅−𝐷2

(𝑉3−𝑉1)
]  [8] 

 

Approaches to S-type Well Calculations 

For calculating the different parameters of an S-

type well and that is allied with other scholars like [49], 

Figure-9 displays the basic definitions and similar to a J-

type well, there are two scenarios to consider. In the first 

scenario, the sum of the two radii (R1+R2) is less than the 

total target displacement, referred to as D3. BUR is 

calculated in the same manner as before and so is the drop-

off rate, DOR. DOR is the rate of drop from point C to 

point D in Figure-8. 

 

R1=  
180 𝑥 30

𝐵𝑈𝑅 𝑥 𝜋
 , R2 = 

180 𝑥 30

𝐷𝑂𝑅 𝑥 𝜋
    …………………………. [9] 

 

In order to calculate Ø, several steps have to be 

taken: 

 

X = D3 – (R1+R2), Angle β = Tan -1 (
𝑋

(𝑉4−𝑉1)
)   ……. [10]        

                             

OF =
𝑉4−𝑉1

𝐶𝑜𝑠 β 
 , OG =√𝑂𝐹2 − (𝑅1 + 𝑅2)2 , Angle FOG = 

Sin-1 (
𝑅1+𝑅2

𝑂𝐹
) ………………………… [11] 

 

Ø = Angle FOG + β………….………………………. [12] 

 

Given Ø, the rest of the variables are calculated 

as follows: 

 

MD @ A = V1 + 
Ø

𝐵𝑈𝑅
………...………………………. [13] 

 

V2 = V1 + R1 Sin Ø…………………………………. [14] 

 

D1 = R1 (1 – Cos Ø) ………………...………………. [15] 

 

MD @ C = MD @ A + OG…….……………………. [16] 

 

V3 = V2 + OG Cos Ø………..………………………. [17] 

 

D2 = D1 + OG Sin Ø……………...…………………. [18] 

 

MD @ D = MD @ C + 
Ø

𝐷𝑂𝑅
     ………………………. [19] 

 

MD @ E = MD @ D + (V5 – V4)   …………………. [20] 

 

In the second scenario, the sum of radii (R1+R2) 

is greater than the final target displacement D3. Figure-10 

graphically displays the scenario. Figure-11 shows the 

results from Banaka PGP-3 Well and similarly looks the 

same as figure 10. In this scenario, the calculations are the 

same as the last, with the exception of the following: 

 

X = R1 – (D3 – R2)         ……………………………. [21] 

 

Ø = Angle FOG – β         ……………………………. [22] 

 

The above scenarios of S- and J-type well 

calculations assumes that the well is vertical from the 

surface to the kick-off point, and that the trajectory is in a 

single plane d that is allied with other scholars like [50]. In 

cases where the trajectory is in three-dimension with 

changes in azimuth besides inclination, formulas that are 

more sophisticated would be required. For such cases, 

advanced well planning software is available. In addition, 

if the target coordinates are provided in horizontal plane 

coordinates N/S, E/W, then the horizontal displacement of 

the target can be calculated as follows: 

 

D3 = √𝑁/𝑆 𝐶𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒2 + 𝐸/𝑊 𝐶𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒2   …. [23] 
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Figure-6. Schematic of a J-Type Well, R<D. 

 
 

Figure-7. Schematic of a J-Type Well, R>D. 

 

 
 

Figure-8. Schematic of a J-Type from Jasionka 10K Well Plan #1. 
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Figure-9. Schematic of an S-Type Well, R1+R2 < D3. 

 
 

Figure-10. Schematic of an S-Type Well, l, R1+R2 > D3. 

 

 
 

Figure-11. Schematic of a S-Type from Banaka PGP-3 Well Plan #1. 
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CONCULSIONS 

For drilling a directional well, a survey tool is 

necessary. There are many survey tools available in the 

market and their selection is dependent on the application 

desired. These survey tools range from Totco and gyro to 

MWDs. For benchmarking surveys, the best survey tool is 

the gyro that is run after the well is drilled. Knowing the 

exact placement of each well would help to determine the 

well plan for the other wells on the pad in order to avoid 

collision. Having looked at the most common RSS 

systems, their advantage lies in an environment where 

high day rates are encountered. Their excessive cost in 

such environments are justified with their ability to 

continuously steer through tough and challenging 

environments, providing higher rates of penetration 

compared with conventional mud motors. In areas that 

have, extremely low sliding ROP compared with rotary 

ROP, RSS systems are certainly an advantage. Areas that 

have stratigraphic challenges also present a strong case for 

the use of RSS, with their ability to place the well in best 

part of the reservoir by geo-steering within thin beds. The 

agitator tool was designed with a specific goal in mind: to 

help the operator in drilling longer horizontals by 

overcoming the torque and drag experienced while sliding 

a steerable motor assembly through the section.  

 

ACKNOWLEDGMENT 

We did not require any funding for the current 

research. The work was conducted with integrity, and 

honesty. On behalf of the co-author, the corresponding 

author states that there is no conflict of interest. 

 

REFERNCES 

 

[1] Benny Poedjono, Erhan Isevcan, Guy Joseph 

Lombardo and Simon McCulloch. Managing Drilling 

Risk and Uncertainty Standard in Well Placement”, 

International Petroleum Technology Conference, 

2009. 

[2] A. McCabe. 1989. Well Vertical Movement on 

Platform Wells. DOI: 10.2523/19241-MS, 

Conference, Conference: Offshore Europe. 

[3] P. J. Haagensen and T. I. Grøttum. 2017. Fatigue 

Assessment of Drill Pipes. 

DOI: 10.1115/OMAE2017-62696, Conference: 

ASME 2017 36th International Conference on Ocean, 

Offshore and Arctic Engineering. 

[4] Steiner Bakke. 1986. Directional Drilling: The State 

of the art. 

[5] David William Wright. 1991. Sidetracking. 

Dissertation: M.Arch. Clemson University, 

Manuscript Archival Material: Source QAI. 

[6] E. Kotlyarova, A. Ermolaev and S. Efimov. 2019. 

Selection of Optimal Sidetracking Options for 

Underground Gas Storage Wells. DOI: 10.3997/2214-

4609.201901886, Conference: Horizontal Wells 

Challenges and Opportunities. 

[7] Ellis H. Austin. 1983. Offshore Rig Types. DOI: 

10.1007/978-94-009-7261-2_6, In book: Drilling 

Engineering Handbook. 

[8] Helmut Herrmann, and Herbert Bucksch. 2014. 

Vertical well. DOI: 10.1007/978-3-642-41714-

6_220560, In book: Dictionary Geotechnical 

Engineering/ Wörterbuch GeoTechnik. 

[9] Bashir Busahmin, Saed N. H and Gamal Alusta. 2017. 

Analysis of Hole Cleaning for a Vertical Well. Open 

Access Library Journal volume 4(e3579): 10DOI: 

10.4236/oalib. 

[10] J. C. Scott. 1951. Folded Faults in Rocky Mountain 

Foothills of Alberta, Canada. DOI: 

10.1306/3D934346-16B1-11D7-8645000102C1865D, 

AAPG Bulletin 35. 

[11] Helmut Herrmann and Herbert Bucksch. 2014. Relief 

Wells. DOI: 10.1007/978-3-642-41714-6_181480, In 

book: Dictionary Geotechnical 

Engineering/Wörterbuch GeoTechnik. 

[12] Warren Tommy, Houtchens Bruce and Madell Garret. 

2005. Directional Drilling with Casing, DOI: 

10.2118/79914-MS, SPE Drilling & Completion 

20(01). 

[13] E. Salmazo et al. 2013. The influence of Salt Domes 

in Drilling Well Activities. DOI:  10.5419/bjpg2013-

0004, Brazilian Journal of Petroleum and Gas. 7(2): 

43-55. 

[14] S. D. Joshi. 2003. Cost/Benefits of Horizontal Wells. 

DOI: 10.2118/83621-MS.  

[15] Helmut Herrmann and Herbert Bucksch. 2014. 

Horizontal well. DOI: 10.1007/978-3-642-41714-

6_81435, In book: Dictionary Geotechnical 

Engineering/Wörterbuch GeoTechnik. 

[16] M. E. Hossain and M. R. Islam. 2021. Advances in 

horizontal well drilling. DOI: 10.1016/B978-0-12-

820193-0.00004-6, In book: Drilling Engineering. 

[17] R. Adrian, R. Melisa and N. Novrianti. 2017. Kick-

Off Point (KOP) and End of Buildup (EOB) Data 

Analysis in Trajectory Design. DOI: 

https://www.researchgate.net/scientific-contributions/2012472575_Benny_Poedjono?_iepl%5BgeneralViewId%5D=8yrSHuab18SlU1FvW49150Btvr99TXb4QXuv&_iepl%5Bcontexts%5D%5B0%5D=searchReact&_iepl%5BviewId%5D=SLAlsry0BAlJglcMfT3S7H02NAaiIno88PXX&_iepl%5BsearchType%5D=publication&_iepl%5Bdata%5D%5BcountLessEqual20%5D=1&_iepl%5Bdata%5D%5BinteractedWithPosition1%5D=1&_iepl%5Bdata%5D%5BwithoutEnrichment%5D=1&_iepl%5Bposition%5D=1&_iepl%5BrgKey%5D=PB%3A304469127&_iepl%5BtargetEntityId%5D=PB%3A304469127&_iepl%5BinteractionType%5D=publicationViewCoAuthorProfile
https://www.researchgate.net/scientific-contributions/2014730477_Erhan_Isevcan?_iepl%5BgeneralViewId%5D=8yrSHuab18SlU1FvW49150Btvr99TXb4QXuv&_iepl%5Bcontexts%5D%5B0%5D=searchReact&_iepl%5BviewId%5D=SLAlsry0BAlJglcMfT3S7H02NAaiIno88PXX&_iepl%5BsearchType%5D=publication&_iepl%5Bdata%5D%5BcountLessEqual20%5D=1&_iepl%5Bdata%5D%5BinteractedWithPosition1%5D=1&_iepl%5Bdata%5D%5BwithoutEnrichment%5D=1&_iepl%5Bposition%5D=1&_iepl%5BrgKey%5D=PB%3A304469127&_iepl%5BtargetEntityId%5D=PB%3A304469127&_iepl%5BinteractionType%5D=publicationViewCoAuthorProfile
https://www.researchgate.net/scientific-contributions/2014787614_Guy_Joseph_Lombardo?_iepl%5BgeneralViewId%5D=8yrSHuab18SlU1FvW49150Btvr99TXb4QXuv&_iepl%5Bcontexts%5D%5B0%5D=searchReact&_iepl%5BviewId%5D=SLAlsry0BAlJglcMfT3S7H02NAaiIno88PXX&_iepl%5BsearchType%5D=publication&_iepl%5Bdata%5D%5BcountLessEqual20%5D=1&_iepl%5Bdata%5D%5BinteractedWithPosition1%5D=1&_iepl%5Bdata%5D%5BwithoutEnrichment%5D=1&_iepl%5Bposition%5D=1&_iepl%5BrgKey%5D=PB%3A304469127&_iepl%5BtargetEntityId%5D=PB%3A304469127&_iepl%5BinteractionType%5D=publicationViewCoAuthorProfile
https://www.researchgate.net/scientific-contributions/2014787614_Guy_Joseph_Lombardo?_iepl%5BgeneralViewId%5D=8yrSHuab18SlU1FvW49150Btvr99TXb4QXuv&_iepl%5Bcontexts%5D%5B0%5D=searchReact&_iepl%5BviewId%5D=SLAlsry0BAlJglcMfT3S7H02NAaiIno88PXX&_iepl%5BsearchType%5D=publication&_iepl%5Bdata%5D%5BcountLessEqual20%5D=1&_iepl%5Bdata%5D%5BinteractedWithPosition1%5D=1&_iepl%5Bdata%5D%5BwithoutEnrichment%5D=1&_iepl%5Bposition%5D=1&_iepl%5BrgKey%5D=PB%3A304469127&_iepl%5BtargetEntityId%5D=PB%3A304469127&_iepl%5BinteractionType%5D=publicationViewCoAuthorProfile
https://www.researchgate.net/scientific-contributions/2014771528_Simon_McCulloch?_iepl%5BgeneralViewId%5D=8yrSHuab18SlU1FvW49150Btvr99TXb4QXuv&_iepl%5Bcontexts%5D%5B0%5D=searchReact&_iepl%5BviewId%5D=SLAlsry0BAlJglcMfT3S7H02NAaiIno88PXX&_iepl%5BsearchType%5D=publication&_iepl%5Bdata%5D%5BcountLessEqual20%5D=1&_iepl%5Bdata%5D%5BinteractedWithPosition1%5D=1&_iepl%5Bdata%5D%5BwithoutEnrichment%5D=1&_iepl%5Bposition%5D=1&_iepl%5BrgKey%5D=PB%3A304469127&_iepl%5BtargetEntityId%5D=PB%3A304469127&_iepl%5BinteractionType%5D=publicationViewCoAuthorProfile
https://www.researchgate.net/publication/304469127_Managing_Drilling_Risk_and_Uncertainty_Standard_in_Well_Placement?_iepl%5BgeneralViewId%5D=8yrSHuab18SlU1FvW49150Btvr99TXb4QXuv&_iepl%5Bcontexts%5D%5B0%5D=searchReact&_iepl%5BviewId%5D=SLAlsry0BAlJglcMfT3S7H02NAaiIno88PXX&_iepl%5BsearchType%5D=publication&_iepl%5Bdata%5D%5BcountLessEqual20%5D=1&_iepl%5Bdata%5D%5BinteractedWithPosition1%5D=1&_iepl%5Bdata%5D%5BwithoutEnrichment%5D=1&_iepl%5Bposition%5D=1&_iepl%5BrgKey%5D=PB%3A304469127&_iepl%5BtargetEntityId%5D=PB%3A304469127&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/publication/304469127_Managing_Drilling_Risk_and_Uncertainty_Standard_in_Well_Placement?_iepl%5BgeneralViewId%5D=8yrSHuab18SlU1FvW49150Btvr99TXb4QXuv&_iepl%5Bcontexts%5D%5B0%5D=searchReact&_iepl%5BviewId%5D=SLAlsry0BAlJglcMfT3S7H02NAaiIno88PXX&_iepl%5BsearchType%5D=publication&_iepl%5Bdata%5D%5BcountLessEqual20%5D=1&_iepl%5Bdata%5D%5BinteractedWithPosition1%5D=1&_iepl%5Bdata%5D%5BwithoutEnrichment%5D=1&_iepl%5Bposition%5D=1&_iepl%5BrgKey%5D=PB%3A304469127&_iepl%5BtargetEntityId%5D=PB%3A304469127&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/scientific-contributions/2124218789_A_McCabe?_sg%5B0%5D=tRp2nfa2vvcH2SA6-jQuMYXjZmmYtmFZaM3NU3C1HxT5IOlpeCLRpRlmVkyclY1G1aELEbg.X4u-ximayAOxAuIfrqUic1aZkiKoUhYFJVCywmKtW9dajQnkss3iiKQkbJfnw3lCWLDj-rc5CRTuyGXOQ2YQwQ&_sg%5B1%5D=xSSe_YvB7jy9MhxPF-r_TwFsrJuGrGjSFetyoZiFUrAUuabS3L-f19FV283R8pXwlmEi1lSmVD99txgH.3wlN_KvaulbdVfz8qcvGsk2_1NSW6qjUi8CM5TYFC--DVtSztGs_UqYb57mh9YD7jthKbtKv6xSQU55b2kWC8w
https://www.researchgate.net/scientific-contributions/2133608979_P_J_Haagensen?_sg%5B0%5D=_vsY5SqPZrOejSulXD__9DYByKdv9uOMU2HAqgFHW1fZoyuUrYC_h3C_FcFuWkOnia_deBg.7mQkkGSnv1K5SjE2tXOmdDoObVZo1Mtbpsg0Z3vi1N5pOM6N82ReJdgkSG5tVzaSVpoYyRFdWMyyYZtU_b1j2A&_sg%5B1%5D=7114ihS0ANXzG3AtrK1wZjUFi4PoXyfL6fXXrbr6d1Ux0Q5BaNkTzT0QyBqC60P5m6BQ7q_GSrDC339q.eGTYiHGNmIKfsaro586DELR1b4hqSmRRwki6ymlq8g6ebTFBc8FwjD0s3Qqgdk56zE_elMLZmBSOZTc0vRMpSQ
https://www.researchgate.net/scientific-contributions/2133584231_T_I_Grottum?_sg%5B0%5D=_vsY5SqPZrOejSulXD__9DYByKdv9uOMU2HAqgFHW1fZoyuUrYC_h3C_FcFuWkOnia_deBg.7mQkkGSnv1K5SjE2tXOmdDoObVZo1Mtbpsg0Z3vi1N5pOM6N82ReJdgkSG5tVzaSVpoYyRFdWMyyYZtU_b1j2A&_sg%5B1%5D=7114ihS0ANXzG3AtrK1wZjUFi4PoXyfL6fXXrbr6d1Ux0Q5BaNkTzT0QyBqC60P5m6BQ7q_GSrDC339q.eGTYiHGNmIKfsaro586DELR1b4hqSmRRwki6ymlq8g6ebTFBc8FwjD0s3Qqgdk56zE_elMLZmBSOZTc0vRMpSQ
https://www.researchgate.net/scientific-contributions/2101000790_Steiner_Bakke?_iepl%5BgeneralViewId%5D=mCNKwgSePZCBGYL2kLQeEpVRLlD6M1WKpM1p&_iepl%5Bcontexts%5D%5B0%5D=searchReact&_iepl%5BviewId%5D=k1tfL7FX9zMtOB6YNNwX021dxz45i0kjjWtV&_iepl%5BsearchType%5D=publication&_iepl%5Bdata%5D%5BcountLessEqual20%5D=1&_iepl%5Bdata%5D%5BinteractedWithPosition1%5D=1&_iepl%5Bdata%5D%5BwithEnrichment%5D=1&_iepl%5Bposition%5D=1&_iepl%5BrgKey%5D=PB%3A295980705&_iepl%5BtargetEntityId%5D=PB%3A295980705&_iepl%5BinteractionType%5D=publicationViewCoAuthorProfile
https://www.worldcat.org/search?q=au%3AWright%2C+David+William.&qt=hot_author
https://www.researchgate.net/scientific-contributions/2157932522_E_Kotlyarova?_sg%5B0%5D=c_RZ4z95H0K3JJ1DvGqQYOziPuMmQfCKadWCz3A25DSIzYiFLqCXusDnG_8a3KmzwEO3gCE.-zSBeHie824VLWBvX7NtYEMAW-tkYCSldysqbxaRBk_NeZXuK8vNUo-kkmagicAkZAiY3Ooz4z893gV4nRoZEQ&_sg%5B1%5D=dlkwryA0jqXWBJGAJetNQzU2-erpBml-HZ-cS0EPQEWpWyCRWKsq1kraK1H-x7uHubrncUciuwavG5dG.t0OUHhCGnmnf1Lr0Qd5U_b31yTG2KxfJ9s-eXyks0igetqKp5YEcld9_RTQ46Anwy_PE5lstrskpdM0y6gQEwg
https://www.researchgate.net/scientific-contributions/2157942199_A_Ermolaev?_sg%5B0%5D=c_RZ4z95H0K3JJ1DvGqQYOziPuMmQfCKadWCz3A25DSIzYiFLqCXusDnG_8a3KmzwEO3gCE.-zSBeHie824VLWBvX7NtYEMAW-tkYCSldysqbxaRBk_NeZXuK8vNUo-kkmagicAkZAiY3Ooz4z893gV4nRoZEQ&_sg%5B1%5D=dlkwryA0jqXWBJGAJetNQzU2-erpBml-HZ-cS0EPQEWpWyCRWKsq1kraK1H-x7uHubrncUciuwavG5dG.t0OUHhCGnmnf1Lr0Qd5U_b31yTG2KxfJ9s-eXyks0igetqKp5YEcld9_RTQ46Anwy_PE5lstrskpdM0y6gQEwg
https://www.researchgate.net/scientific-contributions/2157939102_S_Efimov?_sg%5B0%5D=c_RZ4z95H0K3JJ1DvGqQYOziPuMmQfCKadWCz3A25DSIzYiFLqCXusDnG_8a3KmzwEO3gCE.-zSBeHie824VLWBvX7NtYEMAW-tkYCSldysqbxaRBk_NeZXuK8vNUo-kkmagicAkZAiY3Ooz4z893gV4nRoZEQ&_sg%5B1%5D=dlkwryA0jqXWBJGAJetNQzU2-erpBml-HZ-cS0EPQEWpWyCRWKsq1kraK1H-x7uHubrncUciuwavG5dG.t0OUHhCGnmnf1Lr0Qd5U_b31yTG2KxfJ9s-eXyks0igetqKp5YEcld9_RTQ46Anwy_PE5lstrskpdM0y6gQEwg
https://www.researchgate.net/scientific-contributions/2076812876_Ellis_H_Austin?_sg%5B0%5D=ilEu4Zl6divK5NS-JC_1XV-Qg6WGADAaxUyuBU0Ypj3tX_MTDQLEPZF18zQOfrwDaSunL9M.XZX1cx52F3xMieEmj3g619jLujXv5pNLLx5wpzNJZS15rW4wyPeChCyh56eGFDrQh0MHOMGguAGjf4XGBVF27g&_sg%5B1%5D=FZ0iZ0BfLU1Wx9vonEmLtYQwYl65ZAV9Jw8_RVZnwV7HmhY-VW1odUzO_LoK34ihKp5qTDudIiYkgzT2.jOP1170C_MGFmdU_MzxilStsj3v4SjyHl7WAX4eiuFbstpn-C_nAtOlcgcsdsX1amoQsCm2IHbK249589NPbPg
https://www.researchgate.net/profile/Bashir_Busahmin2?_iepl%5BgeneralViewId%5D=bQjOZA9bxmz0bCuszcIlpNCg4kCSa0GVGvFi&_iepl%5Bcontexts%5D%5B0%5D=searchReact&_iepl%5BviewId%5D=smtdDcfXecYkIu6BLDBb2rXGpynnIjLzTQZ3&_iepl%5BsearchType%5D=publication&_iepl%5Bdata%5D%5BcountLessEqual20%5D=1&_iepl%5Bdata%5D%5BinteractedWithPosition2%5D=1&_iepl%5Bdata%5D%5BwithoutEnrichment%5D=1&_iepl%5Bposition%5D=2&_iepl%5BrgKey%5D=PB%3A316998270&_iepl%5BtargetEntityId%5D=PB%3A316998270&_iepl%5BinteractionType%5D=publicationViewCoAuthorProfile
https://www.researchgate.net/scientific-contributions/2127967695_Saed_NH?_iepl%5BgeneralViewId%5D=bQjOZA9bxmz0bCuszcIlpNCg4kCSa0GVGvFi&_iepl%5Bcontexts%5D%5B0%5D=searchReact&_iepl%5BviewId%5D=smtdDcfXecYkIu6BLDBb2rXGpynnIjLzTQZ3&_iepl%5BsearchType%5D=publication&_iepl%5Bdata%5D%5BcountLessEqual20%5D=1&_iepl%5Bdata%5D%5BinteractedWithPosition2%5D=1&_iepl%5Bdata%5D%5BwithoutEnrichment%5D=1&_iepl%5Bposition%5D=2&_iepl%5BrgKey%5D=PB%3A316998270&_iepl%5BtargetEntityId%5D=PB%3A316998270&_iepl%5BinteractionType%5D=publicationViewCoAuthorProfile
https://www.researchgate.net/profile/Gamal_Alusta?_iepl%5BgeneralViewId%5D=bQjOZA9bxmz0bCuszcIlpNCg4kCSa0GVGvFi&_iepl%5Bcontexts%5D%5B0%5D=searchReact&_iepl%5BviewId%5D=smtdDcfXecYkIu6BLDBb2rXGpynnIjLzTQZ3&_iepl%5BsearchType%5D=publication&_iepl%5Bdata%5D%5BcountLessEqual20%5D=1&_iepl%5Bdata%5D%5BinteractedWithPosition2%5D=1&_iepl%5Bdata%5D%5BwithoutEnrichment%5D=1&_iepl%5Bposition%5D=2&_iepl%5BrgKey%5D=PB%3A316998270&_iepl%5BtargetEntityId%5D=PB%3A316998270&_iepl%5BinteractionType%5D=publicationViewCoAuthorProfile
https://www.researchgate.net/publication/316998270_Analysis_of_Hole_Cleaning_for_a_Vertical_Well?_iepl%5BgeneralViewId%5D=bQjOZA9bxmz0bCuszcIlpNCg4kCSa0GVGvFi&_iepl%5Bcontexts%5D%5B0%5D=searchReact&_iepl%5BviewId%5D=smtdDcfXecYkIu6BLDBb2rXGpynnIjLzTQZ3&_iepl%5BsearchType%5D=publication&_iepl%5Bdata%5D%5BcountLessEqual20%5D=1&_iepl%5Bdata%5D%5BinteractedWithPosition2%5D=1&_iepl%5Bdata%5D%5BwithoutEnrichment%5D=1&_iepl%5Bposition%5D=2&_iepl%5BrgKey%5D=PB%3A316998270&_iepl%5BtargetEntityId%5D=PB%3A316998270&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/scientific-contributions/2115703721_J_C_Scott?_sg%5B0%5D=UAcpL9OdREuI0RlDwWuq83bJCEKD8DyjiIvDwrp3INnCLWXkfmeEiGULXr1xOa6PmsdOVnY.WB-njtBJPc7hOTPtIvulub2Kd1JDwMoFV0FooJXYiCqUvdI0mXNNldt3osOC37TV1F6ihQORHglnZbgpMBk1bQ&_sg%5B1%5D=cxbpAAn1Y9jByRTpTJz094kB6JvvAe1AIVSFUOZ4de0X9Bbc8uEjcgES4ukMav21FJRtX2NCgr5DMBzU.9qCJSK4gCcwJrpO3xfL8u-cZO3Su2FNHnDmUehGWbGDGho2-jrcT_VPhvzYlWClgvvztYqb6xHcb5aXSozCMCQ
https://www.researchgate.net/scientific-contributions/Houtchens-Bruce-2027112111?_sg%5B0%5D=3e5dby90Fx23segNmRgsQBukrSG3fyn3VJlpjQ5iNjCtRuEuuGufnC5fkmKf4r43avJMBpw.R5_1n3CgJ3gpvQl7cp0WUUbMYpTL8zmD3oFibZGnwHlAp2tHBs-64qdFw7ozRFH_3V0-qv9BNp3fHT_fLpZiTQ&_sg%5B1%5D=caPF46Fm7_nXZeR-PEh9qXdrT6VQMuPnfytXNB7VsHWT_K6__-XNU4S_LSjTOZRT-jh_1ls.2Gv9K9GTha2vp89Zm2cKZM8TUjViV4qKtRx-NEAT9TcOOfFWQtWR1ohOdrJT8V1HgQkCdLbVjsDdXZHhYvTQog
https://www.researchgate.net/scientific-contributions/Madell-Garret-2026928135?_sg%5B0%5D=3e5dby90Fx23segNmRgsQBukrSG3fyn3VJlpjQ5iNjCtRuEuuGufnC5fkmKf4r43avJMBpw.R5_1n3CgJ3gpvQl7cp0WUUbMYpTL8zmD3oFibZGnwHlAp2tHBs-64qdFw7ozRFH_3V0-qv9BNp3fHT_fLpZiTQ&_sg%5B1%5D=caPF46Fm7_nXZeR-PEh9qXdrT6VQMuPnfytXNB7VsHWT_K6__-XNU4S_LSjTOZRT-jh_1ls.2Gv9K9GTha2vp89Zm2cKZM8TUjViV4qKtRx-NEAT9TcOOfFWQtWR1ohOdrJT8V1HgQkCdLbVjsDdXZHhYvTQog
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2118%2F79914-MS?_sg%5B0%5D=UYf-RqUKrkyTiVA4w7vuhvKI4MBHFHtPE0WfBElTU7QPwBuk4B-wtdFCoO1hAOkaFf8LK1g6gf38-2xOT-q8ThfIog.LQSiY8CPUfYUePoCPx-qsqEfHNcCZlR9tcA2re8nasDuQGnN_J0JgAh8EpU3mwweu2ol7qbmx89oiloW3kWwGg
https://www.researchgate.net/scientific-contributions/E-Salmazo-2114337356?_sg%5B0%5D=OfgQnVoeuTqNsg7wUrtaiKiPsloLSN-8xRziKUVfJExKq9QGs-xDn2iy7XeoNBrAwkTwt2E.Gf1Sq0IncnyZka8pMZSHDU_AwgFtV0gQhX8Tr-iUA5QOEtYxPhehYDggXUu02-Lbe-GtWgOyoKcmZ1PZ0Ombew&_sg%5B1%5D=hnL79u_Pl1CHc3eK4glPE1mTIAEXjYigWZSU3ZcNLR0OhRInUMeWkZWT9SDByAdKdzMbaEM.7GXBEWU20jCYon7WQGP9f8k6nzK2vD7Y3ggLi02ZLWOfv3jht8bvqvObJMp6HWo_lW8mJk_C2DUDWmWr4ZIEkA
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5419%2Fbjpg2013-0004?_sg%5B0%5D=v1LU8zWpKvmOICShg8QbD2MATTgUuY60b2aJ7T5v32_4_xql9m6sdM_IO0uxYxuMukyOWReNXkXNIAXwf0w9VNV0Sg.A1pirHigR7aNjsphstWSBbRv5nMdf6R3hpcVbvTNE_ms6OrWg4KfyZFNmUg3PeCJ_jvr422CVxWZhIueYAu6Xg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5419%2Fbjpg2013-0004?_sg%5B0%5D=v1LU8zWpKvmOICShg8QbD2MATTgUuY60b2aJ7T5v32_4_xql9m6sdM_IO0uxYxuMukyOWReNXkXNIAXwf0w9VNV0Sg.A1pirHigR7aNjsphstWSBbRv5nMdf6R3hpcVbvTNE_ms6OrWg4KfyZFNmUg3PeCJ_jvr422CVxWZhIueYAu6Xg
https://www.researchgate.net/scientific-contributions/S-D-Joshi-2014491854?_sg%5B0%5D=rXPOfN0ViWMZabsgzD2_M-_pyU4udSgz9Xvr_J_ar2iuuc1hZyYhv6TdN-F7W_3w6UqtN0k.UBYaW5V3xanJMhjH12bZKQLH8JoPWZ3d3rCcVVMpeLkmisW6XdukxsfBPBm8gopHz50gwI_p6_Bt3EKFJHP4mQ&_sg%5B1%5D=U3kiwyQWuPQz-Q1bzC6YE3jzN5h1KAOp15i8Re09fubS9WcI4WJpbj822M3dwm1z5ktD6-U.pedNXToNMCA6-_B8KFv1Q3gxt7LgFeHDHc2picAectk6uu9EtVSbnjvQagVz-zccz7_lS7b1w4eBIDrZiUeYSg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2118%2F83621-MS?_sg%5B0%5D=A1qUcSwHXNjLpnEKzHdQ0O82S3FgA3sGmqIPepFcGgen3I4jZMJZNFNntc9lXWYTpNBUIl_CrdAGgtdH7RBa4OXddQ.27mPeZQwyp9WYWH3__WF8nzh6iKqvpaOAeIz_mileK9lfrN5oiwfgssLMCdMCf7F-hDZqwIk-oQji4EYej9_Hw
https://www.researchgate.net/scientific-contributions/Helmut-Herrmann-2125985840?_sg%5B0%5D=gFW5UFIbfbNjxm4jYPjVPHeNMRyMresB603_leh4OnF_g6Ibv_F8ZvJtK_A27kBq0wo_D8A.V2pmK9xlmELqu29vULG18lpZwiIESe-ic2RWL9qS0UyUPXgeowZ8QEgWZuezYPNUo9jIBry9jONHYo4iT60x6Q&_sg%5B1%5D=g46tLVz3luZeh3YziFkPGNoodqo96nexlur_IeNo0WcfIC7CHXG-fyrdWNseGGxS3FFCnFE.QdzS19HkbBqK4fAOrDnOx9zpCy8cXcvmTAZTEEt7j4v1KLDC9BUd9MIKG-dgmmb21ZLSEkkFTifUroVAzeAGMQ
https://www.researchgate.net/scientific-contributions/Herbert-Bucksch-2126015375?_sg%5B0%5D=gFW5UFIbfbNjxm4jYPjVPHeNMRyMresB603_leh4OnF_g6Ibv_F8ZvJtK_A27kBq0wo_D8A.V2pmK9xlmELqu29vULG18lpZwiIESe-ic2RWL9qS0UyUPXgeowZ8QEgWZuezYPNUo9jIBry9jONHYo4iT60x6Q&_sg%5B1%5D=g46tLVz3luZeh3YziFkPGNoodqo96nexlur_IeNo0WcfIC7CHXG-fyrdWNseGGxS3FFCnFE.QdzS19HkbBqK4fAOrDnOx9zpCy8cXcvmTAZTEEt7j4v1KLDC9BUd9MIKG-dgmmb21ZLSEkkFTifUroVAzeAGMQ
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2F978-3-642-41714-6_81435?_sg%5B0%5D=iD6_bY8PVC9cPPdQihJmxM4fm4kvhIVM_8rXwi_GkcrxPe3zKjJFmV8RQTWZ-mIzq4K1JUGTS5IahbJSvoHNYQ4f2Q.sKX2Zt91DAue-FAOlDpQA7mXLjf5TGw7TWk0YJaoc96mwLIH-c3V0D4IUB9elsO4pl20ExX1wjuueQzBI2NKlg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2F978-3-642-41714-6_81435?_sg%5B0%5D=iD6_bY8PVC9cPPdQihJmxM4fm4kvhIVM_8rXwi_GkcrxPe3zKjJFmV8RQTWZ-mIzq4K1JUGTS5IahbJSvoHNYQ4f2Q.sKX2Zt91DAue-FAOlDpQA7mXLjf5TGw7TWk0YJaoc96mwLIH-c3V0D4IUB9elsO4pl20ExX1wjuueQzBI2NKlg
https://www.researchgate.net/scientific-contributions/MEnamul-Hossain-2182505973?_sg%5B0%5D=qw7BR3HBOaXUXNog6WwixZCm4gGo3l4d8vkfr1_Rhijix51EcKYVH5SELEwgRQhfGf1ndhw.0p90OJ8CuYPL0YUWFq8WgQvEJB8nTRuyUXGifJTxEzZe1ecZVj_rnK6tECoxlbauroFOq1sKve_MY0GbocefqQ&_sg%5B1%5D=VxhPcEoEDSVnqBMMSjhVTw8V_75DHC-N4eiEP0R-RbmyWcLMbIWWp71N_ymSAyPy-jGkR3Y.fnZJOCYWKw3r4rgUJ2kvkAnHKVLsHW6nJPxY9LCxY19vp2E_mKYyvJEVZs-eDFpBieh38GUkbruanWTo-J2elg
https://www.researchgate.net/scientific-contributions/MRafiqul-Islam-2182539120?_sg%5B0%5D=qw7BR3HBOaXUXNog6WwixZCm4gGo3l4d8vkfr1_Rhijix51EcKYVH5SELEwgRQhfGf1ndhw.0p90OJ8CuYPL0YUWFq8WgQvEJB8nTRuyUXGifJTxEzZe1ecZVj_rnK6tECoxlbauroFOq1sKve_MY0GbocefqQ&_sg%5B1%5D=VxhPcEoEDSVnqBMMSjhVTw8V_75DHC-N4eiEP0R-RbmyWcLMbIWWp71N_ymSAyPy-jGkR3Y.fnZJOCYWKw3r4rgUJ2kvkAnHKVLsHW6nJPxY9LCxY19vp2E_mKYyvJEVZs-eDFpBieh38GUkbruanWTo-J2elg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FB978-0-12-820193-0.00004-6?_sg%5B0%5D=sGXhmbi0qVUjI8wVyWt-Hqgzn6nirriWuf6wEGHqsV1H1BJPm0HuhRrBQCYEvcWa4aAYckl2Zt_RAgvJAKsVnLkClw.QTC8Rtb4mKlf86WL7XAe0yTLgH7bz8SHAT9PNEdNCe6uJ8IZFWoEbLlBHd3mk2nXAhlOmjZ2HAlJlaITr26_gQ
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FB978-0-12-820193-0.00004-6?_sg%5B0%5D=sGXhmbi0qVUjI8wVyWt-Hqgzn6nirriWuf6wEGHqsV1H1BJPm0HuhRrBQCYEvcWa4aAYckl2Zt_RAgvJAKsVnLkClw.QTC8Rtb4mKlf86WL7XAe0yTLgH7bz8SHAT9PNEdNCe6uJ8IZFWoEbLlBHd3mk2nXAhlOmjZ2HAlJlaITr26_gQ
https://www.researchgate.net/scientific-contributions/Rafhie-Adrian-2128850206?_sg%5B0%5D=XzVFhNHdJgVvJRa3wv5Wmxov-K5_5CRVtaz0p1O2SjMIAFy7SZuYg3c0or35uMZz4yqc_2s.lu7l1cQawL_NLndvnym60tGPezgn4GVgxIqmbz4pKNm3I56MUAL2Ph16bB3viUs9hO9zGLVRA2NFUASGyR4CyQ&_sg%5B1%5D=bDy1nmOUV3UGNQLieDRDpOoiDpw0LeZpGkNCLyxZBDCjIISwpOFDu4L3UQBC5A_1I79rwO4.ga0TNslrNfqiQxvZlJSWh1ycVLgU8iYussBzAJjgmkCgwYICjtzZHKKyJyrCQG6GbfS06GLyw8_Sas84gV8T3w
https://www.researchgate.net/scientific-contributions/Rycha-Melisa-2128860163?_sg%5B0%5D=XzVFhNHdJgVvJRa3wv5Wmxov-K5_5CRVtaz0p1O2SjMIAFy7SZuYg3c0or35uMZz4yqc_2s.lu7l1cQawL_NLndvnym60tGPezgn4GVgxIqmbz4pKNm3I56MUAL2Ph16bB3viUs9hO9zGLVRA2NFUASGyR4CyQ&_sg%5B1%5D=bDy1nmOUV3UGNQLieDRDpOoiDpw0LeZpGkNCLyxZBDCjIISwpOFDu4L3UQBC5A_1I79rwO4.ga0TNslrNfqiQxvZlJSWh1ycVLgU8iYussBzAJjgmkCgwYICjtzZHKKyJyrCQG6GbfS06GLyw8_Sas84gV8T3w
https://www.researchgate.net/profile/Novrianti-Novrianti?_sg%5B0%5D=XzVFhNHdJgVvJRa3wv5Wmxov-K5_5CRVtaz0p1O2SjMIAFy7SZuYg3c0or35uMZz4yqc_2s.lu7l1cQawL_NLndvnym60tGPezgn4GVgxIqmbz4pKNm3I56MUAL2Ph16bB3viUs9hO9zGLVRA2NFUASGyR4CyQ&_sg%5B1%5D=bDy1nmOUV3UGNQLieDRDpOoiDpw0LeZpGkNCLyxZBDCjIISwpOFDu4L3UQBC5A_1I79rwO4.ga0TNslrNfqiQxvZlJSWh1ycVLgU8iYussBzAJjgmkCgwYICjtzZHKKyJyrCQG6GbfS06GLyw8_Sas84gV8T3w


                                VOL. 16, NO. 22, N0VEMBER 2021                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2021 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              2315 

10.24273/jgeet.2017.2.2.302. Journal of Geoscience 

Engineering Environment and Technology. 2(2): 133. 

[18] R. Muneer1, M. K. Zahoor, F. Mehmood, A. Khan, 

and M. R.Latif. 2021. Directional Well PLlanning: 

Effect of Kick off Point on Build up Rate. 

ci.Int.(Lahore),27(6),6073-6075,2015 ISSN 1013-

5316; CODEN: SINTE 8 6073 Nov.-Dec). 

[19] M. Enamul Hossain. 2016. Horizontal and Directional 

Drilling. DOI: 10.1002/9781119083931.ch10, In 

book: Fundamentals of Drilling Engineering. 

[20] Yuan Liao. 2016. Fault location. DOI: 

10.1049/PBPO075E_ch9, In book: Power Distribution 

Automation. 

[21] P. Kukian, I. Milsom, D. M. Smith and V. Coveney. 

2015. Precise quantification of deformation of the 

BHA for improved performance in directional 

drilling. DOI: 10.2118/173861-MS, Conference: SPE 

Bergen One Day Seminar. 

[22] M. Enamul Hossain, M. Rafiqul Islam. 2021. 

Advances in directional drilling. DOI: 10.1016/B978-

0-12-820193-0.00003-4, In book: Drilling 

Engineering.. 

[23] S. Ogilvie, D. Barr, P. Roylance and M. Dorling. 

2015. Structural geology and well planning in the 

Clair Field. DOI: 10.1144/SP421.7, Geological 

Society London Special Publications. 

[24] I.D. Mukhametgaliev, А. K. Agliullin R. A. Ismakov, 

and A. R. Yakhin. 2020. The development of the 

modeling of the BHA for directional drilling. DOI: 

10.5510/OGP20200400461, SOCAR Proceedings.. 

[25] C. P. Chugh, Ken Steele and Sharma. 2020. Design 

Criteria for Drill Rigs: Equipment and Drilling 

Techniques. DOI: 10.1201/9781003077732, ISBN: 

9781003077732. 

[26] A.F. Krasnyshev et.al. 2004. Directional drilling rigs. 

[27] I. D. Mukhametgaliev, А. K. Agliullin, R. A. 

Ismakov, M. E. Loginova and A. R. Yakhin. 2020. 

Development of the modeling of the BHA for 

directional drilling. DOI: 10.5510/OGP20200400461, 

State Petroleum Technical University, Ufa, Russi, 

SOCAR Proceedings.  

[28] B. A. Fayaz, A. Sunny and N. Nazeel. 2014. Bottom 

Hole Assembly and Mud Motor for Directional 

Drilling. Biosciences Biotechnology Research Asia 

11(SE):201-206, DOI: 10.13005/bbra/1411. 

[29] S. S. Zaurbekov, Б. Калиев and M. Z. 

MuzaparovProper,  A. V. Kochetkov. 2014. Selection 

of Drill String Bottom-Hole Assembly for Directional 

Well Drilling. Chemical and Petroleum Engineering 

50(9-10), DOI: 10.1007/s10556-014-9945-3. 

[30] B. Antony Fayaz, Akhil Sunny and Nazeel Nazeel. 

2014. Bottom Hole Assembly and Mud Motor for 

Directional Drilling. Biosciences Biotechnology 

Research Asia 11(SE):201-206, DOI: 

10.13005/bbra/1411. 

[31] X. Yan, H. Lan, I. D. Moore and B. Ma. 2021. Flow 

Properties of Fresh Mud (Drilling Fluid) Used in 

Horizontal Directional Drilling. Journal of Pipeline 

Systems Engineering and Practice 12(1): 04020063, 

DOI: 10.1061/(ASCE)PS.1949-1204.0000517. 

[32] R. R. Rosas, J. A. N. Uresti, E. J. Zeegers and J. P. 

Lips. 2002. Acquisition of Directional Survey Data 

with Adapted Logging Tools, DOI: 10.2118/74398-

MS. 

[33] Busahmin B., Saeid, N.H., Alusta, G., Zahran, E.-

S.M.M. 2017. Review on hole cleaning for horizontal 

wells. ARPN Journal of Engineering and Applied 

Sciences. 12(16): 4697-4708. 

[34] T.T. Fury Mottram and H. Miedema. 2014. Collar 

data description. 

[35] Y. Xie, M. Ouyang, Hu Zhao and Y.Feng. 2020. 

Wellbore pressure management of offshore wells 

during casing running in narrow safety pressure 

window formations. Journal of Petroleum Science and 

Engineering 199: 108284, DOI: 

10.1016/j.petrol.2020.108284. 

[36] N. Sharma et al. 200. Optimizing Directional Drilling 

While Minimizing the Risk of Well Collision in 

Offshore Drilling. DOI: 10.2118/124246-MS. 

[37] S. J. Sawaryn; et al. 2018. Well-Collision-Avoidance 

Management and Principles. SPE Drill & Compl. 

33(04): 335-350, Paper Number: SPE-184730-PA. 

[38] A. Krishnan and A. Kulkarni. 2020. Mm Well 

Trajectory Survey of a Directional well. 

[39] C. Carpenter. 2020. Slide-Drilling Guidance System 

Optimizes Directional Drilling Path. Journal of 

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.24273%2Fjgeet.2017.2.2.302?_sg%5B0%5D=_WiBXUCA37IP0trfS9Am32lIzAt4ucGkaOLCP6jf2FlAZ96aiSXmZ_DidWWnNFLZqQYSz5-wpge15QL6mZgRIgw54Q.hIjN-cyKb2pl3OW6aRwN9yUxhIxJPoG7ynbOrb0iB_nRIHhLlEG58lDg_SCKwvJyyU5oJfh_7UAkSQ-9-VFLlQ
https://www.researchgate.net/scientific-contributions/M-Enamul-Hossain-2132588531?_sg%5B0%5D=iUUFSVLQEt0pxPuUfWe_wviqc_P32aIT6axW3_0dB1sgJpRz2EcMiFs4iSRohFTldEq0PrM.opPSAQt-ALpJwa9k26LJeEUwTZ8h_cjvFjzr-GTZ5ZZKdY7fO3FCp8yUIqd9Ij5hCs7sEQlXay6LxfWfA_Pbgw&_sg%5B1%5D=oU1HtZcWXgZylUKy3ov89AiS0BECtLG6eOAE_BPRoZZ3yrczlE0fqt96AHwP-y_3JIaekTA.3RRzs_1zUEcD72iUKNGLdpQiuG2ciC6uDbwM6y2GGKscvPozKWCUygdHBG3bEIMJaxk55ocrDhXEHsEFAE861w
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1002%2F9781119083931.ch10?_sg%5B0%5D=53xRw0MBKBhbcbcB_XLnrQ0oA-EJNmXgxcczzatCgFDEWMzezy1UccZN6fpfU3uGyf97HIubnwWsQOru_Qh5sAyG9g.Mr5770jbtJSwD-ROwm9slhjNprda4V1sZnOWsH-zYICcoOh5CRaIqei60OETFeCjHiy2xoZ_ajoZk07VCFF7yw
https://www.researchgate.net/scientific-contributions/Yuan-Liao-2131408444?_sg%5B0%5D=OOBqU4bzHilzq22uuOurXwnVnzFN1n7xiqrU51_E1DII_hKWlAX091sexXCqyz3pWpzy9r4.vCLYv546cIt6U2DL8HbCBsAOGNk7HOqSFMQDnGDQ3Bn6TVPCLzA_vwCjGvsxiPp8xKNdl8xJCOk-TvoZy48s4A&_sg%5B1%5D=eYPtRsOy-W8ttrMyFcmKVxUlwXZm_Sdii6H_QnB6BZB8EFTGWEkw9lVFIEFWc1xE10NL1RY.i_FNtzSMUjXq5LdvYh7QQfQsATelipd3hwXEKTIm_W4buPD5Z96ZvbnGTPfVaing5w1S_iWDQmac8oveeNd84g
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1049%2FPBPO075E_ch9?_sg%5B0%5D=4VczNT6JLqanmO-quBMDPMTN8WpKwLIyWZQf5RYC5tADDXOEPZk5dIZfJsEITtq34E-SydPgciTORPX-oSBd8afE6Q.elZqXu_yZDqMpN8dBu59MbSXfgbwx67OQs3HDM8HZRpbkI2nIHJQdDPB1S_OHslm-030QuNCzxLddTbhs0y5Ig
https://www.researchgate.net/profile/Przemyslaw-Kukian?_sg%5B0%5D=92knBq4SQ58rKn5GRiHJtkeXC_jGLlMrGIwAkjq2ACNYyxSi9elOqprEyV30lcetehFOxCM.vyzvKRwkhhYFxH_BUWYWtFofzbcGTNk0n6IY6z5uukEgeIcP8nEOIIQ1VMaSF7jgH8i0n2xAxEEdlVgdUSq-2g&_sg%5B1%5D=OkYSMSDGMTa3tp3GnVK3BajteU09iBIgI6ZllFXEz_kw19QghE8aIpDY8aFP60n22yQuvWc.FIzXcuazB4COxKiXnaqshaaFSkliNWQ57mlpMnZCGH6iwIfcXK3efD4VYfmDb7P--NXuTf-PKhMtEqeXdQvI7A
https://www.researchgate.net/scientific-contributions/Ian-Milsom-2106466195?_sg%5B0%5D=92knBq4SQ58rKn5GRiHJtkeXC_jGLlMrGIwAkjq2ACNYyxSi9elOqprEyV30lcetehFOxCM.vyzvKRwkhhYFxH_BUWYWtFofzbcGTNk0n6IY6z5uukEgeIcP8nEOIIQ1VMaSF7jgH8i0n2xAxEEdlVgdUSq-2g&_sg%5B1%5D=OkYSMSDGMTa3tp3GnVK3BajteU09iBIgI6ZllFXEz_kw19QghE8aIpDY8aFP60n22yQuvWc.FIzXcuazB4COxKiXnaqshaaFSkliNWQ57mlpMnZCGH6iwIfcXK3efD4VYfmDb7P--NXuTf-PKhMtEqeXdQvI7A
https://www.researchgate.net/scientific-contributions/Daniel-Minett-Smith-2106057697?_sg%5B0%5D=92knBq4SQ58rKn5GRiHJtkeXC_jGLlMrGIwAkjq2ACNYyxSi9elOqprEyV30lcetehFOxCM.vyzvKRwkhhYFxH_BUWYWtFofzbcGTNk0n6IY6z5uukEgeIcP8nEOIIQ1VMaSF7jgH8i0n2xAxEEdlVgdUSq-2g&_sg%5B1%5D=OkYSMSDGMTa3tp3GnVK3BajteU09iBIgI6ZllFXEz_kw19QghE8aIpDY8aFP60n22yQuvWc.FIzXcuazB4COxKiXnaqshaaFSkliNWQ57mlpMnZCGH6iwIfcXK3efD4VYfmDb7P--NXuTf-PKhMtEqeXdQvI7A
https://www.researchgate.net/scientific-contributions/Vincent-Coveney-2106551393?_sg%5B0%5D=92knBq4SQ58rKn5GRiHJtkeXC_jGLlMrGIwAkjq2ACNYyxSi9elOqprEyV30lcetehFOxCM.vyzvKRwkhhYFxH_BUWYWtFofzbcGTNk0n6IY6z5uukEgeIcP8nEOIIQ1VMaSF7jgH8i0n2xAxEEdlVgdUSq-2g&_sg%5B1%5D=OkYSMSDGMTa3tp3GnVK3BajteU09iBIgI6ZllFXEz_kw19QghE8aIpDY8aFP60n22yQuvWc.FIzXcuazB4COxKiXnaqshaaFSkliNWQ57mlpMnZCGH6iwIfcXK3efD4VYfmDb7P--NXuTf-PKhMtEqeXdQvI7A
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2118%2F173861-MS?_sg%5B0%5D=97sxMEgdnVdAfHFjecjNCccONvHnACIEKPBHH6yZjzvD5W4XBfwyi1NlPa9SBmC7ybFZZ1RXITouVQ_AtliSL5UhwQ.2Aftc63wE3nIS_b0huhL08tMbF_l0746azvs8MaKAEpuglK_kaLsp9bn2HM9vZvI5to6mjJcaCmFLZYgZZR2dA
https://www.researchgate.net/scientific-contributions/MEnamul-Hossain-2182505973?_sg%5B0%5D=XfiRiHk8IfJanbarEweNlOTqGITw_ZvO98cZwQkGzOSrrZrLqhYSQfN2_AY7bJODyvgF7Cs.dIqml6G5Ux63Mmk9U315aLoUMsbQUhMqGKiXIt3mENxFkLfr6nN6IL5_EQwstUTgdo4IsXePLAKdY5iCm86iTQ&_sg%5B1%5D=0JIC1sc8Zlfj83m7tuLrHB3DESbD1A7RZsL4CTXecXBJO0uyvUbgCcd7XoLTvhmglYvxSUk.Eh6hDYYe-6RBenIr2oLo5gIoXL5s7nhI4OxUY_TFDHTYKWa__0ErKVQxhPriuRWfZ7rU1bNI1MHjQwJgwi04Nw
https://www.researchgate.net/scientific-contributions/MRafiqul-Islam-2182539120?_sg%5B0%5D=XfiRiHk8IfJanbarEweNlOTqGITw_ZvO98cZwQkGzOSrrZrLqhYSQfN2_AY7bJODyvgF7Cs.dIqml6G5Ux63Mmk9U315aLoUMsbQUhMqGKiXIt3mENxFkLfr6nN6IL5_EQwstUTgdo4IsXePLAKdY5iCm86iTQ&_sg%5B1%5D=0JIC1sc8Zlfj83m7tuLrHB3DESbD1A7RZsL4CTXecXBJO0uyvUbgCcd7XoLTvhmglYvxSUk.Eh6hDYYe-6RBenIr2oLo5gIoXL5s7nhI4OxUY_TFDHTYKWa__0ErKVQxhPriuRWfZ7rU1bNI1MHjQwJgwi04Nw
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FB978-0-12-820193-0.00003-4?_sg%5B0%5D=KpAHkvHWU92SjW2n_jZptMUsWM3Tzg-LZDT7JfkTftrfZSnRWeUVtT-boGZ-GMfRz-b7j2EOdI4h_hCricnjdcrFJg.3JvPWH_8GUUMuvSgVnzIe2eWKHxxTm7BoOsor4Y4gSx9idTggnrSvnmJAhmGnjsJU1eBtzBImH8yt6C4FwDvOg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FB978-0-12-820193-0.00003-4?_sg%5B0%5D=KpAHkvHWU92SjW2n_jZptMUsWM3Tzg-LZDT7JfkTftrfZSnRWeUVtT-boGZ-GMfRz-b7j2EOdI4h_hCricnjdcrFJg.3JvPWH_8GUUMuvSgVnzIe2eWKHxxTm7BoOsor4Y4gSx9idTggnrSvnmJAhmGnjsJU1eBtzBImH8yt6C4FwDvOg
https://www.researchgate.net/profile/Steven-Ogilvie?_sg%5B0%5D=mwqvwzEmWpECo4scGi3rbmN6S7Rps-HPEDYaIxN8aGlNg0XQfwyMv2w3ZZHx12wC3BnDoYI.djMU7GtdNF5Sg0x9KMbJrWZQ9XPNI5aJII8IIR0wnvWnMy8hhJIvOMi6QBNmxIHBiSRw_TXFinP9nfcEoSy1-A&_sg%5B1%5D=IRPG_Vt83dIHDon4azaDbcqgRe-PwvyrHGt3Fxz_LxDxMJwViva_J66q2S1puGuIriLcves.ZhAbPhChNgIo4lawQYxqxr0YJcTgMhjilLyQ6xAkP18R8d27Mk8WLB8svgVPwPgtKm9d9Yf-2wivBbqFQ4NXcg
https://www.researchgate.net/scientific-contributions/David-Barr-2073719405?_sg%5B0%5D=mwqvwzEmWpECo4scGi3rbmN6S7Rps-HPEDYaIxN8aGlNg0XQfwyMv2w3ZZHx12wC3BnDoYI.djMU7GtdNF5Sg0x9KMbJrWZQ9XPNI5aJII8IIR0wnvWnMy8hhJIvOMi6QBNmxIHBiSRw_TXFinP9nfcEoSy1-A&_sg%5B1%5D=IRPG_Vt83dIHDon4azaDbcqgRe-PwvyrHGt3Fxz_LxDxMJwViva_J66q2S1puGuIriLcves.ZhAbPhChNgIo4lawQYxqxr0YJcTgMhjilLyQ6xAkP18R8d27Mk8WLB8svgVPwPgtKm9d9Yf-2wivBbqFQ4NXcg
https://www.researchgate.net/scientific-contributions/Paul-Roylance-2073720825?_sg%5B0%5D=mwqvwzEmWpECo4scGi3rbmN6S7Rps-HPEDYaIxN8aGlNg0XQfwyMv2w3ZZHx12wC3BnDoYI.djMU7GtdNF5Sg0x9KMbJrWZQ9XPNI5aJII8IIR0wnvWnMy8hhJIvOMi6QBNmxIHBiSRw_TXFinP9nfcEoSy1-A&_sg%5B1%5D=IRPG_Vt83dIHDon4azaDbcqgRe-PwvyrHGt3Fxz_LxDxMJwViva_J66q2S1puGuIriLcves.ZhAbPhChNgIo4lawQYxqxr0YJcTgMhjilLyQ6xAkP18R8d27Mk8WLB8svgVPwPgtKm9d9Yf-2wivBbqFQ4NXcg
https://www.researchgate.net/scientific-contributions/Matthew-Dorling-2073669599?_sg%5B0%5D=mwqvwzEmWpECo4scGi3rbmN6S7Rps-HPEDYaIxN8aGlNg0XQfwyMv2w3ZZHx12wC3BnDoYI.djMU7GtdNF5Sg0x9KMbJrWZQ9XPNI5aJII8IIR0wnvWnMy8hhJIvOMi6QBNmxIHBiSRw_TXFinP9nfcEoSy1-A&_sg%5B1%5D=IRPG_Vt83dIHDon4azaDbcqgRe-PwvyrHGt3Fxz_LxDxMJwViva_J66q2S1puGuIriLcves.ZhAbPhChNgIo4lawQYxqxr0YJcTgMhjilLyQ6xAkP18R8d27Mk8WLB8svgVPwPgtKm9d9Yf-2wivBbqFQ4NXcg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1144%2FSP421.7?_sg%5B0%5D=E9ci-6h5WTYHqdmG9baLzu4_V-D84ka5pd-2SHFKQgoLqYlU68N1hwvmLrifngsRnnQ448vzx-36mHeiTkV45HvheA.FDdG9h2oTVlOv9WoBMc2TygRDBv1RvB5rJWtE6fO6bXCiAlZN-x0Mf0YyocpMXbdmFQZXSreE_t6zuLJ2UCGEg
https://www.researchgate.net/scientific-contributions/ID-Mukhametgaliev-2171402820?_sg%5B0%5D=agN8e4timhwFN2zlx1v9Q2UAaF9XtpdRUI69EE8miOkNY8HwlsxcGXRgfuYD6eBWktVuPZU.ezqeuvhAGUo4nAxGKKbFcNSDfFFU1J-Rk3u1ISZbcoSId1gqG4z1wEywDX7z7ZTSS8e_HmPsuk07AstAlArRvA&_sg%5B1%5D=dhcx_HVDi4xS1tj_RyCigUQKQ7Y9lHibpa4D409ZQjI7FKvlnaZfRWnLKDmuQuTTF91MYD8.9n-phziXtz4ABEiNW-mR79vgO_20__ADMm_iUa_kwdv4DLXTMnJ4MGiXynt7_uTztxkdw72EABwvu4RcHN4nog
https://www.researchgate.net/scientific-contributions/AK-Agliullin-2187355598?_sg%5B0%5D=agN8e4timhwFN2zlx1v9Q2UAaF9XtpdRUI69EE8miOkNY8HwlsxcGXRgfuYD6eBWktVuPZU.ezqeuvhAGUo4nAxGKKbFcNSDfFFU1J-Rk3u1ISZbcoSId1gqG4z1wEywDX7z7ZTSS8e_HmPsuk07AstAlArRvA&_sg%5B1%5D=dhcx_HVDi4xS1tj_RyCigUQKQ7Y9lHibpa4D409ZQjI7FKvlnaZfRWnLKDmuQuTTF91MYD8.9n-phziXtz4ABEiNW-mR79vgO_20__ADMm_iUa_kwdv4DLXTMnJ4MGiXynt7_uTztxkdw72EABwvu4RcHN4nog
https://www.researchgate.net/scientific-contributions/RA-Ismakov-2187301116?_sg%5B0%5D=agN8e4timhwFN2zlx1v9Q2UAaF9XtpdRUI69EE8miOkNY8HwlsxcGXRgfuYD6eBWktVuPZU.ezqeuvhAGUo4nAxGKKbFcNSDfFFU1J-Rk3u1ISZbcoSId1gqG4z1wEywDX7z7ZTSS8e_HmPsuk07AstAlArRvA&_sg%5B1%5D=dhcx_HVDi4xS1tj_RyCigUQKQ7Y9lHibpa4D409ZQjI7FKvlnaZfRWnLKDmuQuTTF91MYD8.9n-phziXtz4ABEiNW-mR79vgO_20__ADMm_iUa_kwdv4DLXTMnJ4MGiXynt7_uTztxkdw72EABwvu4RcHN4nog
https://www.researchgate.net/scientific-contributions/AR-Yakhin-2187346083?_sg%5B0%5D=agN8e4timhwFN2zlx1v9Q2UAaF9XtpdRUI69EE8miOkNY8HwlsxcGXRgfuYD6eBWktVuPZU.ezqeuvhAGUo4nAxGKKbFcNSDfFFU1J-Rk3u1ISZbcoSId1gqG4z1wEywDX7z7ZTSS8e_HmPsuk07AstAlArRvA&_sg%5B1%5D=dhcx_HVDi4xS1tj_RyCigUQKQ7Y9lHibpa4D409ZQjI7FKvlnaZfRWnLKDmuQuTTF91MYD8.9n-phziXtz4ABEiNW-mR79vgO_20__ADMm_iUa_kwdv4DLXTMnJ4MGiXynt7_uTztxkdw72EABwvu4RcHN4nog
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5510%2FOGP20200400461?_sg%5B0%5D=jmEIoXmvYix-PNggzB9LDRIDByQGRxloaTjQcTCifmAkINdfg5prHdBrOtDf-OXQu7AfEwXNBoZJbwoDSC-tPrZIMg.fZvEihb_4rvpetl7UcpKw3IpfjTdCto0_v-Q74AQ0JNFHXW-TUx-xwEzH5ZZDDX7-3kuj3Y-orcaD0fomftMxw
https://www.researchgate.net/scientific-contributions/CP-Chugh-2178566633?_sg%5B0%5D=Da6M4bM0pxBPfC1Lh7HTiEbK4ZP75oBHh9DVHJu6QZRTYJD3gXMV67nEuJ7_QaSDI-lStLg.M7b0Pc-uCw0Nkq12L2GQHauEUNW0ovW39RH_1K8rCxniB8GDI4uUSgVCwtLpLuOrk9TAWySijOGif3Kww5Th9A&_sg%5B1%5D=De0kyG7PB7oUK9NnZy7rkBxGZo0EOVS9285FamPywNb-oYwkN1f85YqmX-BOZFwe57OT1CE.1inTsEGwvlEkXgo4dx0_v-AbVWLsvrjtlPXINLsQ6wVCB1wvPWAHXjZp3ym9SHRFpqy5q52DlaEb-lOszuX3Gg
https://www.researchgate.net/scientific-contributions/Ken-Steele-2178630985?_sg%5B0%5D=Da6M4bM0pxBPfC1Lh7HTiEbK4ZP75oBHh9DVHJu6QZRTYJD3gXMV67nEuJ7_QaSDI-lStLg.M7b0Pc-uCw0Nkq12L2GQHauEUNW0ovW39RH_1K8rCxniB8GDI4uUSgVCwtLpLuOrk9TAWySijOGif3Kww5Th9A&_sg%5B1%5D=De0kyG7PB7oUK9NnZy7rkBxGZo0EOVS9285FamPywNb-oYwkN1f85YqmX-BOZFwe57OT1CE.1inTsEGwvlEkXgo4dx0_v-AbVWLsvrjtlPXINLsQ6wVCB1wvPWAHXjZp3ym9SHRFpqy5q52DlaEb-lOszuX3Gg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2F9781003077732?_sg%5B0%5D=f5g-ugskw4CRCr-Mpolbr-2Ns8k87WuhIfvRr64rbjke37nEg9P9Mbloa3ThQKx7FpClKwQt3uR1du_SUj6ai1H0Sw.egiKfvwnHyeWGR2Tnpg-95TV5Idt7p7xcBrAc2OWhycRKtXWc1HaacHSbH7HMdYCmA1NqOEeYFPvN628ySWGqw
https://www.researchgate.net/scientific-contributions/AF-Krasnyshev-2097562916?_sg%5B0%5D=stG8zuuRf2ZgIttVA5_vE9gPvnifS8nXT1Lp2TT_Oik6ae3f3QU2QB8JC_bB41QDdufHMX0.XnmPNR-m5b_tGz7pOIPbk3-uWyeLtdBk6rRw_WVkuCyCrf-2Wi0EpVucNU1Afm9_oFEUCSte0yuu3MY1qyMQjw&_sg%5B1%5D=AZRO30MV2Ah6Ggc7j69zVdajZaBD87QFseCTk1kshSk9MVrOXhZZZ8Dg8aiLYLM6Nd5YmVA.KsTIKMSsLm3UmB3zi5NOb0dRYlBfVpSPoOHVGSAVboKfZ30baTsCfFpm46eXoPP8yo8rJYxY5794ohIiVWF5tg
http://dx.doi.org/10.5510/OGP20200400461
https://www.researchgate.net/scientific-contributions/B-Antony-Fayaz-2078429866?_sg%5B0%5D=RFzAE0y6oD-qy1sXxDswvqZsp5S85rIak9I_8gV-9B0ShzW0d3FV3DNYfU_x2BXGnnUVYos.1i3mbm2ChuZKDEzaBY9VUxDoFpqZiWmioiuKTkzOhQrcVbMXCh7Uck4Vy8mrqrVokufqhqaiZnzoZmSKVagKQg&_sg%5B1%5D=HZK2GuTEsn-Se3-w4xPkplCBHD3s2z0YrP3jB2dXrMldmK0a_0CMO1lQI3OOcXVJD6VA4FI.ntj5DO5abNio4a_lFo90_2Oig15y958Xs-2Z3t9qJ7A0DlRx6jeoBXb9C4rz8HB4PRWe5XN9QlcwcSRiTN7HUw
https://www.researchgate.net/scientific-contributions/Akhil-Sunny-2078441520?_sg%5B0%5D=RFzAE0y6oD-qy1sXxDswvqZsp5S85rIak9I_8gV-9B0ShzW0d3FV3DNYfU_x2BXGnnUVYos.1i3mbm2ChuZKDEzaBY9VUxDoFpqZiWmioiuKTkzOhQrcVbMXCh7Uck4Vy8mrqrVokufqhqaiZnzoZmSKVagKQg&_sg%5B1%5D=HZK2GuTEsn-Se3-w4xPkplCBHD3s2z0YrP3jB2dXrMldmK0a_0CMO1lQI3OOcXVJD6VA4FI.ntj5DO5abNio4a_lFo90_2Oig15y958Xs-2Z3t9qJ7A0DlRx6jeoBXb9C4rz8HB4PRWe5XN9QlcwcSRiTN7HUw
https://www.researchgate.net/scientific-contributions/Nazeel-Nazeel-2078391882?_sg%5B0%5D=RFzAE0y6oD-qy1sXxDswvqZsp5S85rIak9I_8gV-9B0ShzW0d3FV3DNYfU_x2BXGnnUVYos.1i3mbm2ChuZKDEzaBY9VUxDoFpqZiWmioiuKTkzOhQrcVbMXCh7Uck4Vy8mrqrVokufqhqaiZnzoZmSKVagKQg&_sg%5B1%5D=HZK2GuTEsn-Se3-w4xPkplCBHD3s2z0YrP3jB2dXrMldmK0a_0CMO1lQI3OOcXVJD6VA4FI.ntj5DO5abNio4a_lFo90_2Oig15y958Xs-2Z3t9qJ7A0DlRx6jeoBXb9C4rz8HB4PRWe5XN9QlcwcSRiTN7HUw
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.13005%2Fbbra%2F1411?_sg%5B0%5D=jBJhmG3j_8Gjfy5QjWYV8C6o9Euhj7Zl9UpktWkRsqykATFtmop7se27UCQSSEohfhGw_aBcLn7OUA1-5l4JwKnyGg.GFDLw3xkd7tLd8TyPII8N1FQww6MNF5zOx9T8eFvVg5UK0Yrf57AclQnPB4o10uvvP4216TTkD9dzQ_zPSg_Rw
https://www.researchgate.net/profile/Sharputdi-Zaurbekov?_sg%5B0%5D=qFz_NzTYZ1guaUVJQ5zs2kemIIX5pRlwqlbDd_GiU69JOeg4ClVylg2ksANrzm7bj9_uzig.5gSXxsmxgfnQedGJwPdmt668WE48bytP_Lu_xol6RyIITCsZquJi8WImVVNeozp3sCvHXtZWbAepfxSTwWdgiA&_sg%5B1%5D=IYZNdj7-oJx8yZtD01rifOU1Xs5xAzsNnbpixW-_vSqGQ4bXaKt6ViuU5Gnlg25122WvHj4.tqPOcuPlV6tyQK_LW1m6MPGz2CR2X9_6dWlt_e3S3uuDBjhtK2QGKJKMzgxWaBwjAHrydux5EBMLIBr3tM7zww
https://www.researchgate.net/profile/Bakytzan-Kaliev-2?_sg%5B0%5D=qFz_NzTYZ1guaUVJQ5zs2kemIIX5pRlwqlbDd_GiU69JOeg4ClVylg2ksANrzm7bj9_uzig.5gSXxsmxgfnQedGJwPdmt668WE48bytP_Lu_xol6RyIITCsZquJi8WImVVNeozp3sCvHXtZWbAepfxSTwWdgiA&_sg%5B1%5D=IYZNdj7-oJx8yZtD01rifOU1Xs5xAzsNnbpixW-_vSqGQ4bXaKt6ViuU5Gnlg25122WvHj4.tqPOcuPlV6tyQK_LW1m6MPGz2CR2X9_6dWlt_e3S3uuDBjhtK2QGKJKMzgxWaBwjAHrydux5EBMLIBr3tM7zww
https://www.researchgate.net/scientific-contributions/M-Zh-Muzaparov-2060905104?_sg%5B0%5D=qFz_NzTYZ1guaUVJQ5zs2kemIIX5pRlwqlbDd_GiU69JOeg4ClVylg2ksANrzm7bj9_uzig.5gSXxsmxgfnQedGJwPdmt668WE48bytP_Lu_xol6RyIITCsZquJi8WImVVNeozp3sCvHXtZWbAepfxSTwWdgiA&_sg%5B1%5D=IYZNdj7-oJx8yZtD01rifOU1Xs5xAzsNnbpixW-_vSqGQ4bXaKt6ViuU5Gnlg25122WvHj4.tqPOcuPlV6tyQK_LW1m6MPGz2CR2X9_6dWlt_e3S3uuDBjhtK2QGKJKMzgxWaBwjAHrydux5EBMLIBr3tM7zww
https://www.researchgate.net/scientific-contributions/M-Zh-Muzaparov-2060905104?_sg%5B0%5D=qFz_NzTYZ1guaUVJQ5zs2kemIIX5pRlwqlbDd_GiU69JOeg4ClVylg2ksANrzm7bj9_uzig.5gSXxsmxgfnQedGJwPdmt668WE48bytP_Lu_xol6RyIITCsZquJi8WImVVNeozp3sCvHXtZWbAepfxSTwWdgiA&_sg%5B1%5D=IYZNdj7-oJx8yZtD01rifOU1Xs5xAzsNnbpixW-_vSqGQ4bXaKt6ViuU5Gnlg25122WvHj4.tqPOcuPlV6tyQK_LW1m6MPGz2CR2X9_6dWlt_e3S3uuDBjhtK2QGKJKMzgxWaBwjAHrydux5EBMLIBr3tM7zww
https://www.researchgate.net/scientific-contributions/A-V-Kochetkov-2068656866?_sg%5B0%5D=qFz_NzTYZ1guaUVJQ5zs2kemIIX5pRlwqlbDd_GiU69JOeg4ClVylg2ksANrzm7bj9_uzig.5gSXxsmxgfnQedGJwPdmt668WE48bytP_Lu_xol6RyIITCsZquJi8WImVVNeozp3sCvHXtZWbAepfxSTwWdgiA&_sg%5B1%5D=IYZNdj7-oJx8yZtD01rifOU1Xs5xAzsNnbpixW-_vSqGQ4bXaKt6ViuU5Gnlg25122WvHj4.tqPOcuPlV6tyQK_LW1m6MPGz2CR2X9_6dWlt_e3S3uuDBjhtK2QGKJKMzgxWaBwjAHrydux5EBMLIBr3tM7zww
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs10556-014-9945-3?_sg%5B0%5D=-5y_pM8k0QDyxgVa04IGoR6vT2gtF-_AHMh_c6ytr-J6axMQ-jM-00e1--JzF55WCkgxCu72BhSAANAyC1ZUduooHA.wm6nZiKEV_xIZVgpg0119CUxUOXFZwoqkjL0U1mgE0NUQHlKb9RzNWB2kr6m2wM1hbB_0SEMnUyZjk7I-QqmQw
https://www.researchgate.net/scientific-contributions/B-Antony-Fayaz-2078429866?_sg%5B0%5D=hYX-vx5e1gkTMlcUxP2qJsDyWyNDh_6OwoUPCUguRr1Er86EJaswzL8zr-RUuJTWkT62WJw.OF3W6I9X5ItgEVFSToFuLVNMutR460xnDBIv_ka-wTUYojJqdY27ylkbC-e7fxkcUkKPDayEs4g6cXhUBQ8zCg&_sg%5B1%5D=SSNcckTZKD9zf3sNyQbds20bZrtB1lJImIHZO-XX_S97UrUBXF4aM40jThekkr-Xj7Obe3E.aOPpzBNk7JJTH7Sz_Iy3PS528DHShihZxlhMd5ecC2Jz2HRYhbFhWl-ksMHvho-dM_F5VBeH51vJ2HGjfiYpCQ
https://www.researchgate.net/scientific-contributions/Akhil-Sunny-2078441520?_sg%5B0%5D=hYX-vx5e1gkTMlcUxP2qJsDyWyNDh_6OwoUPCUguRr1Er86EJaswzL8zr-RUuJTWkT62WJw.OF3W6I9X5ItgEVFSToFuLVNMutR460xnDBIv_ka-wTUYojJqdY27ylkbC-e7fxkcUkKPDayEs4g6cXhUBQ8zCg&_sg%5B1%5D=SSNcckTZKD9zf3sNyQbds20bZrtB1lJImIHZO-XX_S97UrUBXF4aM40jThekkr-Xj7Obe3E.aOPpzBNk7JJTH7Sz_Iy3PS528DHShihZxlhMd5ecC2Jz2HRYhbFhWl-ksMHvho-dM_F5VBeH51vJ2HGjfiYpCQ
https://www.researchgate.net/scientific-contributions/Nazeel-Nazeel-2078391882?_sg%5B0%5D=hYX-vx5e1gkTMlcUxP2qJsDyWyNDh_6OwoUPCUguRr1Er86EJaswzL8zr-RUuJTWkT62WJw.OF3W6I9X5ItgEVFSToFuLVNMutR460xnDBIv_ka-wTUYojJqdY27ylkbC-e7fxkcUkKPDayEs4g6cXhUBQ8zCg&_sg%5B1%5D=SSNcckTZKD9zf3sNyQbds20bZrtB1lJImIHZO-XX_S97UrUBXF4aM40jThekkr-Xj7Obe3E.aOPpzBNk7JJTH7Sz_Iy3PS528DHShihZxlhMd5ecC2Jz2HRYhbFhWl-ksMHvho-dM_F5VBeH51vJ2HGjfiYpCQ
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.13005%2Fbbra%2F1411?_sg%5B0%5D=P5o1dzpSYgzaYJPp3jI0AwRoTuMOxb6CAKgsu7d_VFzHEdlCRtDTY3zJ0sLqgZCCmqllCU-LvgNMfPG3kwvO7xIi3Q.LDYRINk7p7Qop_DQwP2rmcY7pC0wtUloMtUPD_-elVNmbrCXs5OyPASGbIJRfps22ZUx7i_FWD-jA646MXrbnQ
https://www.researchgate.net/profile/Xuefeng-Yan?_sg%5B0%5D=sr90lPCuHqBt3AKn7j3WzQ1v9HVss8mLzTSq2aOY7auZaI1GVYSfnW0fE7Y6qcoZDJyvbeI.Nt7bOkB3mWgaxEoU0fW0xvG71ss4yUdsGZ_ATC4AV_-nysqpJxmdQU3fzi2h3eO-lR1cL4daLMKf67FrrNnCKw&_sg%5B1%5D=z6A1KHMMwf4BPfsYADeWb6PJ96mxsHT9H_-2PwT9bdGouQMGzeRR2FYRW8zVYaDKtosdfPc.ovksXno9QLntQRzrsLPcnLch7kWgixb-uNvvs0MLjf9Tnq5eQ7KemDaODoWkxVkWw-Wr6fgjT9TCL0aI2QNgOw
https://www.researchgate.net/scientific-contributions/Haitao-Lan-2135097817?_sg%5B0%5D=sr90lPCuHqBt3AKn7j3WzQ1v9HVss8mLzTSq2aOY7auZaI1GVYSfnW0fE7Y6qcoZDJyvbeI.Nt7bOkB3mWgaxEoU0fW0xvG71ss4yUdsGZ_ATC4AV_-nysqpJxmdQU3fzi2h3eO-lR1cL4daLMKf67FrrNnCKw&_sg%5B1%5D=z6A1KHMMwf4BPfsYADeWb6PJ96mxsHT9H_-2PwT9bdGouQMGzeRR2FYRW8zVYaDKtosdfPc.ovksXno9QLntQRzrsLPcnLch7kWgixb-uNvvs0MLjf9Tnq5eQ7KemDaODoWkxVkWw-Wr6fgjT9TCL0aI2QNgOw
https://www.researchgate.net/scientific-contributions/Ian-D-Moore-81438182?_sg%5B0%5D=sr90lPCuHqBt3AKn7j3WzQ1v9HVss8mLzTSq2aOY7auZaI1GVYSfnW0fE7Y6qcoZDJyvbeI.Nt7bOkB3mWgaxEoU0fW0xvG71ss4yUdsGZ_ATC4AV_-nysqpJxmdQU3fzi2h3eO-lR1cL4daLMKf67FrrNnCKw&_sg%5B1%5D=z6A1KHMMwf4BPfsYADeWb6PJ96mxsHT9H_-2PwT9bdGouQMGzeRR2FYRW8zVYaDKtosdfPc.ovksXno9QLntQRzrsLPcnLch7kWgixb-uNvvs0MLjf9Tnq5eQ7KemDaODoWkxVkWw-Wr6fgjT9TCL0aI2QNgOw
https://www.researchgate.net/scientific-contributions/Baosong-Ma-2189140443?_sg%5B0%5D=sr90lPCuHqBt3AKn7j3WzQ1v9HVss8mLzTSq2aOY7auZaI1GVYSfnW0fE7Y6qcoZDJyvbeI.Nt7bOkB3mWgaxEoU0fW0xvG71ss4yUdsGZ_ATC4AV_-nysqpJxmdQU3fzi2h3eO-lR1cL4daLMKf67FrrNnCKw&_sg%5B1%5D=z6A1KHMMwf4BPfsYADeWb6PJ96mxsHT9H_-2PwT9bdGouQMGzeRR2FYRW8zVYaDKtosdfPc.ovksXno9QLntQRzrsLPcnLch7kWgixb-uNvvs0MLjf9Tnq5eQ7KemDaODoWkxVkWw-Wr6fgjT9TCL0aI2QNgOw
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1061%2F(ASCE)PS.1949-1204.0000517?_sg%5B0%5D=qtuwfmdkC5-9lmQ5wCA_VwEDKEe2TRifMnO6-Jj8RaW_8gZD2lGAJ4RNQSBrQf9rqHerzv6slI8aokKh7oU8qyJJWw.b7wRBQYpu_SiMsLzdnb0KBkhkLKYGyvlAIpFYY1BOJFfFszqSiWn0oDPsGBUvKTT3bJJUzFvN4_x-Ig-4gXdcg
https://www.researchgate.net/scientific-contributions/R-Rodriguez-Rosas-2027230489?_sg%5B0%5D=hmdDPSmb0BxLO950tqmFRKNot6SJMrmyg6b9U_-TIkTHjcFRj3osLUvt_0Z_YRWYZYMJMoE.-vC4m0JtSUAgauAgwcbpJDFD6EeGqlUA-ypj25N3VpgJN0t91bLQTV7BQoXv9ZI5nJif9XjbKa-gDl8SodnVHw&_sg%5B1%5D=GoC2fVa_ep-_L_tEUkmmdikGcZTMKK-4-71JjpOLt0B7KKLsRqnbehOaiFmWFZh97UlXJ90.uB7iJNPd3EnrM88Y7nIIgb-056sYXV7vHUvybZtckbvoPIIaFKWEf1HyOWXHXhzM1sRUoeHhYkvqtKyA3gEjXg
https://www.researchgate.net/scientific-contributions/JA-Nino-Uresti-2026909528?_sg%5B0%5D=hmdDPSmb0BxLO950tqmFRKNot6SJMrmyg6b9U_-TIkTHjcFRj3osLUvt_0Z_YRWYZYMJMoE.-vC4m0JtSUAgauAgwcbpJDFD6EeGqlUA-ypj25N3VpgJN0t91bLQTV7BQoXv9ZI5nJif9XjbKa-gDl8SodnVHw&_sg%5B1%5D=GoC2fVa_ep-_L_tEUkmmdikGcZTMKK-4-71JjpOLt0B7KKLsRqnbehOaiFmWFZh97UlXJ90.uB7iJNPd3EnrM88Y7nIIgb-056sYXV7vHUvybZtckbvoPIIaFKWEf1HyOWXHXhzM1sRUoeHhYkvqtKyA3gEjXg
https://www.researchgate.net/scientific-contributions/E-J-Zeegers-2026907437?_sg%5B0%5D=hmdDPSmb0BxLO950tqmFRKNot6SJMrmyg6b9U_-TIkTHjcFRj3osLUvt_0Z_YRWYZYMJMoE.-vC4m0JtSUAgauAgwcbpJDFD6EeGqlUA-ypj25N3VpgJN0t91bLQTV7BQoXv9ZI5nJif9XjbKa-gDl8SodnVHw&_sg%5B1%5D=GoC2fVa_ep-_L_tEUkmmdikGcZTMKK-4-71JjpOLt0B7KKLsRqnbehOaiFmWFZh97UlXJ90.uB7iJNPd3EnrM88Y7nIIgb-056sYXV7vHUvybZtckbvoPIIaFKWEf1HyOWXHXhzM1sRUoeHhYkvqtKyA3gEjXg
https://www.researchgate.net/scientific-contributions/J-P-Lips-2027191921?_sg%5B0%5D=hmdDPSmb0BxLO950tqmFRKNot6SJMrmyg6b9U_-TIkTHjcFRj3osLUvt_0Z_YRWYZYMJMoE.-vC4m0JtSUAgauAgwcbpJDFD6EeGqlUA-ypj25N3VpgJN0t91bLQTV7BQoXv9ZI5nJif9XjbKa-gDl8SodnVHw&_sg%5B1%5D=GoC2fVa_ep-_L_tEUkmmdikGcZTMKK-4-71JjpOLt0B7KKLsRqnbehOaiFmWFZh97UlXJ90.uB7iJNPd3EnrM88Y7nIIgb-056sYXV7vHUvybZtckbvoPIIaFKWEf1HyOWXHXhzM1sRUoeHhYkvqtKyA3gEjXg
https://www.researchgate.net/scientific-contributions/J-P-Lips-2027191921?_sg%5B0%5D=hmdDPSmb0BxLO950tqmFRKNot6SJMrmyg6b9U_-TIkTHjcFRj3osLUvt_0Z_YRWYZYMJMoE.-vC4m0JtSUAgauAgwcbpJDFD6EeGqlUA-ypj25N3VpgJN0t91bLQTV7BQoXv9ZI5nJif9XjbKa-gDl8SodnVHw&_sg%5B1%5D=GoC2fVa_ep-_L_tEUkmmdikGcZTMKK-4-71JjpOLt0B7KKLsRqnbehOaiFmWFZh97UlXJ90.uB7iJNPd3EnrM88Y7nIIgb-056sYXV7vHUvybZtckbvoPIIaFKWEf1HyOWXHXhzM1sRUoeHhYkvqtKyA3gEjXg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2118%2F74398-MS?_sg%5B0%5D=kkwjJ8kyeasPqAD_GklaY_dv-ZT-r2M5KVGVZppysVznWTXOhULQFzien0dpYmcD69hBxgoiMAk4zRw1cFAveop7mA.u1nPGlKD_5xcH5uywetDgTi_UTBI0kZktXmq4YB-qjm9gUTVYh5PeTxUIR620qJk1kU6fwX3TD1sonMOrXMzWQ
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2118%2F74398-MS?_sg%5B0%5D=kkwjJ8kyeasPqAD_GklaY_dv-ZT-r2M5KVGVZppysVznWTXOhULQFzien0dpYmcD69hBxgoiMAk4zRw1cFAveop7mA.u1nPGlKD_5xcH5uywetDgTi_UTBI0kZktXmq4YB-qjm9gUTVYh5PeTxUIR620qJk1kU6fwX3TD1sonMOrXMzWQ
https://www.scopus.com/authid/detail.uri?authorId=57203419112
https://www.scopus.com/authid/detail.uri?authorId=6602519171
https://www.scopus.com/authid/detail.uri?authorId=54404629800
https://www.scopus.com/authid/detail.uri?authorId=55803093400
https://www.scopus.com/authid/detail.uri?authorId=55803093400
https://www.scopus.com/record/display.uri?eid=2-s2.0-85028463932&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85028463932&origin=resultslist
https://www.scopus.com/sourceid/21100200825?origin=resultslist
https://www.scopus.com/sourceid/21100200825?origin=resultslist
https://www.researchgate.net/profile/Toby-Mottram?_sg%5B0%5D=5OzpJbo8TiE2UO3isir9n0x1548nNCIGImP_fRcj4iG2c7Bv70L0yaMAlR9BH0RVXV5nF8A.5ehheraA7UygLsfNab_QMG01CRCDiYTNzhzihfLVwag3J-cN1qOMBzMddHbv1JJ6XmrcUlmv7wJtbctQ_GN7Xg&_sg%5B1%5D=GwEgY--U512_X_Zk1eRMyVdWAJTGkfC3MB6vreId3Y2pUws3WcjihKA8CUXMkhFXFbSlLzs.a_ToFq-iu5A4mFJV944nJWPhouSOY_udO-_R4w2Tu0mlqT1IE24zY2XlYILL-A6c1hkI3RCjl65xSQU0GH6-Yw
https://www.researchgate.net/scientific-contributions/Hanna-Miedema-2053305073?_sg%5B0%5D=5OzpJbo8TiE2UO3isir9n0x1548nNCIGImP_fRcj4iG2c7Bv70L0yaMAlR9BH0RVXV5nF8A.5ehheraA7UygLsfNab_QMG01CRCDiYTNzhzihfLVwag3J-cN1qOMBzMddHbv1JJ6XmrcUlmv7wJtbctQ_GN7Xg&_sg%5B1%5D=GwEgY--U512_X_Zk1eRMyVdWAJTGkfC3MB6vreId3Y2pUws3WcjihKA8CUXMkhFXFbSlLzs.a_ToFq-iu5A4mFJV944nJWPhouSOY_udO-_R4w2Tu0mlqT1IE24zY2XlYILL-A6c1hkI3RCjl65xSQU0GH6-Yw
https://www.researchgate.net/scientific-contributions/Yuhong-Xie-2187463598?_sg%5B0%5D=3AiGHQGxID-WEWkUt4A19Zb28Z1uC1aKW-TVvaQN9c4_XNgbqXLvoz7dJN_z_jV0lSlTcYk.DEl8fDpgyHOIdH3XyiRLhR4gut1wKnZzR_DQbQdur6CoCi6LLpVVx2F1ItOwvdvd4U6P_ZFZzUBbBAuPClQIQA&_sg%5B1%5D=2cTTbRiy9B83ojE2ijNRzjaOLry1Ag3dqYCJql0ncwL2poAoNYVgXNy_1S0Likf1X3lW3GA.OpD0esEfqLgpemOFQdyX53Ddmz7nJiB0Dm23DzSrYwsr63rTR2wzwaTKf8AjNhcMsjDhsc7wmdd74xto0O32VA
https://www.researchgate.net/scientific-contributions/Min-Ouyang-2160685942?_sg%5B0%5D=3AiGHQGxID-WEWkUt4A19Zb28Z1uC1aKW-TVvaQN9c4_XNgbqXLvoz7dJN_z_jV0lSlTcYk.DEl8fDpgyHOIdH3XyiRLhR4gut1wKnZzR_DQbQdur6CoCi6LLpVVx2F1ItOwvdvd4U6P_ZFZzUBbBAuPClQIQA&_sg%5B1%5D=2cTTbRiy9B83ojE2ijNRzjaOLry1Ag3dqYCJql0ncwL2poAoNYVgXNy_1S0Likf1X3lW3GA.OpD0esEfqLgpemOFQdyX53Ddmz7nJiB0Dm23DzSrYwsr63rTR2wzwaTKf8AjNhcMsjDhsc7wmdd74xto0O32VA
https://www.researchgate.net/scientific-contributions/Hu-Zhao-2187435285?_sg%5B0%5D=3AiGHQGxID-WEWkUt4A19Zb28Z1uC1aKW-TVvaQN9c4_XNgbqXLvoz7dJN_z_jV0lSlTcYk.DEl8fDpgyHOIdH3XyiRLhR4gut1wKnZzR_DQbQdur6CoCi6LLpVVx2F1ItOwvdvd4U6P_ZFZzUBbBAuPClQIQA&_sg%5B1%5D=2cTTbRiy9B83ojE2ijNRzjaOLry1Ag3dqYCJql0ncwL2poAoNYVgXNy_1S0Likf1X3lW3GA.OpD0esEfqLgpemOFQdyX53Ddmz7nJiB0Dm23DzSrYwsr63rTR2wzwaTKf8AjNhcMsjDhsc7wmdd74xto0O32VA
https://www.researchgate.net/scientific-contributions/Yingtao-Feng-2187420998?_sg%5B0%5D=3AiGHQGxID-WEWkUt4A19Zb28Z1uC1aKW-TVvaQN9c4_XNgbqXLvoz7dJN_z_jV0lSlTcYk.DEl8fDpgyHOIdH3XyiRLhR4gut1wKnZzR_DQbQdur6CoCi6LLpVVx2F1ItOwvdvd4U6P_ZFZzUBbBAuPClQIQA&_sg%5B1%5D=2cTTbRiy9B83ojE2ijNRzjaOLry1Ag3dqYCJql0ncwL2poAoNYVgXNy_1S0Likf1X3lW3GA.OpD0esEfqLgpemOFQdyX53Ddmz7nJiB0Dm23DzSrYwsr63rTR2wzwaTKf8AjNhcMsjDhsc7wmdd74xto0O32VA
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.petrol.2020.108284?_sg%5B0%5D=jQFLs-C6tka1dLtnSw-B-5yV9Mz2EfrAuu4f9O1kmEQ6laGmsDTqsW9ExrOt_IHRxMHbVYhlOshUPsXGQpJ6jHtRfw.k85f9wMa4CCu_qdjFsZPxGx7a-AoLH1zSfyjMU9h2YT9Z_bBAo764UGx9ctbHR9U0qcWb9jnqPzW26KJORvN4Q
https://www.researchgate.net/profile/Nitin-Sharma-44?_sg%5B0%5D=2pEMKRLgU112CegtOW7Uu-n0ZcoMBheV56xpW4gL3NGL3b_qHsvNxt3PlU0OlFHDldjhO0M.14ZFeR3PofytdSyS4Eidh8BkMS9rllZDiBDl4xykaNix-wzjyGUpmqQ83d0NXvtjtqsp-oCzcG41ZxhZAVLdGQ&_sg%5B1%5D=d5TLLjP8FnWnLiSY8kn-knBprwwwBP7yumna4GL93hXfJaKJ7ZT53of2A7mOvNMNrs0o_mY.cBptzpqdLsHpuyMAIdXwGWNU_3mccpQzT49HmvvZMMQJ725XBNOpens5-Ds5O3FlNf4ECTPqkx4q9KRHhBw32w
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2118%2F124246-MS?_sg%5B0%5D=u5THLvr2EI_oQJQUOZfqlNF_sdmQ49E3x7ptAmRydnbgHbQ6t0rduqo1NzQxVJvKTUURy6m7STymdwvHo7p-giW46w.GoRjYViddHTytk-gxgJLGrkPyROmDSBK4SF5NHE6vuMktyJRaY0NRyw2-LS2O52amggh4nwEhw2WO2-vunB39w
javascript:;
https://www.researchgate.net/scientific-contributions/Anurag-Krishnan-2186930386?_sg%5B0%5D=BO8hASLIQ5Mii4NEWpALGCQdUNGUZktDa-xBGSpY-3B2epyHTjk8PdgeeIh9tXzndtj6Lto.e-YNT62o7p34JxvDSuQFS0K1oFOlmG3xpOLpW6Lz9XelXtqRhmLojsR4Z0g0MjPHCsl02U3YpFMn_E3y4VX9jg&_sg%5B1%5D=Ewebyjiho9tu6RQdJbpA4JaSoORWgoxWR3fhCVdO4M5cThjBGfbU6zWqH2y0ghQaewYBx10.5OyHuXgXu6M3soIkK8WBNG0Xe_wHCKdaByE6yVy0TEHy4McSTTH5UhGNwtbl7YiBcVkD2874FFkMkYOqPbBkew
https://www.researchgate.net/profile/Avinash-Kulkarni-2?_sg%5B0%5D=BO8hASLIQ5Mii4NEWpALGCQdUNGUZktDa-xBGSpY-3B2epyHTjk8PdgeeIh9tXzndtj6Lto.e-YNT62o7p34JxvDSuQFS0K1oFOlmG3xpOLpW6Lz9XelXtqRhmLojsR4Z0g0MjPHCsl02U3YpFMn_E3y4VX9jg&_sg%5B1%5D=Ewebyjiho9tu6RQdJbpA4JaSoORWgoxWR3fhCVdO4M5cThjBGfbU6zWqH2y0ghQaewYBx10.5OyHuXgXu6M3soIkK8WBNG0Xe_wHCKdaByE6yVy0TEHy4McSTTH5UhGNwtbl7YiBcVkD2874FFkMkYOqPbBkew
https://www.researchgate.net/scientific-contributions/Chris-Carpenter-2174271407?_sg%5B0%5D=1VazpVatAjesUqhuZ4ma4KUOP8i9ci0XF0ftwUJxNRWG-Mr296oaZ_wfGIlKy9KDyGisYvA.iVFDdvliEOX5NGt6UUb7CTSifX3_l-RxyIfIxAuKaJ5QjLKdq13SCNV9sgSPkS9BIJ3Op5mY8wlJ3cL8V4q5Zw&_sg%5B1%5D=Q_IsT-euV2nkbYvxd0tz6wOyWZAbEfUPZcu9BMfCywBE3uQmdDtQHeS711v5Mzatm7sASig.aE8C0LQDpzYFgtJ2wqn1M05DeOpK8ZsTTTc8MWWb475GrHN4xcRQ62Xc9PO3vD07exQxHiGIvKmHeK4fzTBNjQ


                                VOL. 16, NO. 22, N0VEMBER 2021                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2021 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              2316 

Petroleum Technology 72(05): 66-67, DOI: 

10.2118/0520-0066-JPT. 

[40] L. Huang, F. Sun, R. Wang and Q. Xue. 2013. 

Dynamic Soltion Approach to the Inclination and 

Amizuth of Bottom Rotating Drill String. DOI: 

10.2118/165378-MS. 

[41] R. V. Kasumov, J. Houvet and T. V.  Kasumov. 2010. 

Gyro While Drilling Technology - Solution for 

Directional Top Hole Drilling. DOI: 10.2118/135910-

MS.  

[42] M. Z. Musa et al. 2012. Electromagnetic 

Measurements While Drilling: a Telemetry Solution 

for Casing-While-Drilling. DOI: 10.2118/158245-MS. 

[43] Wu-S. Jwo and Wei-L. Chien. 2007. Design and 

Implementation of a Charge Equalization Using 

Positive/Negative Pulse Charger. Conference: 

Industry Applications Conference, DOI: 

10.1109/07IAS.2007.167. 

[44] Alan Y. L. Coope. 2015. Advances in 

Electromagnetic (EM) interpretation. Conference: 

SAGA 2015: 14th Biennial Geophysical Conference, 

At: South Africa. 

[45] Fei Li, X. Ma and Y. Tan. 2020. Review of the 

Development of Rotary Steerable Systems. Journal of 

Physics Conference Series 1617:012085, DOI: 

10.1088/1742-6596/1617/1/012085. 

[46] A. Noureldin,, Halliday and M. P. Mintchev. 2004. 

Measurement-while-drilling surveying of highly 

inclined and horizontal well sections utilizing single-

axis gyro sensing system. DOI: 10.1088/0957-

0233/15/12/012, Measurement Science and 

Technology. 15(12): 2426. 

[47] I. D. Mukhametgaliev, А. K. Agliullin, R. A. 

Ismakov, M. E. Loginova and A. R. Yakhin. 2020. 

Development of the modeling of the BHA for 

directional drilling. DOI: 10.5510/OGP20200400461, 

State Petroleum Technical University, Ufa, Russi, 

SOCAR Proceedings.  

[48] S. Jones Smith-Pathfinder. 2010. Directional drilling 

pushes development of a slimmer RSS. 

[49] Tuna Eren and Vural Sander Suicmez. 2019. 

Directional Drilling Positioning Calculations. 

DOI: 10.1016/j.jngse.2019.103081, Journal of Natural 

Gas Science and Engineering 73:103081. 

[50] Anurag Krishnan and Kulkarni. 2016. Well Trajectory 

Survey of a Directional well. e-ISSN: 2395 -0056, 

03(05), p-ISSN: 2395-0072..  

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2118%2F0520-0066-JPT?_sg%5B0%5D=4jUAoKFLd3zy3cWuC-SsBiDs4IaU7ViZwOWiQoPUIxzT8f1gtfr3tGYAW65pbT4x1SRGgG8jhziWX9VVgtttBhAIDg.UCzS12mNCun0KDGl3z4djJ1AckTfv4kI-Gy_GoKEAR-PYHK3Fk9m9Qn4afg-VHJJzd4BfUKJ_w2drfkMx69FSQ
https://www.researchgate.net/scientific-contributions/Leilei-Huang-2057013525?_sg%5B0%5D=zrZEfyI8oca6aZFWJaE8Wfx7JLlpZrcs0QJ2vYeUXdyUT9MMgOiPaKDUu6e0Wd8aK34LIdY.LTWvFe-_0Qn0_NwGul1LnrIeRu7bX5nwZVCwKuLBvafYL_AG-a-LxJsGs3b-eL7Wk1kPC51mZM9GK6Y8jMsxLw&_sg%5B1%5D=Si6I6rY4qaq0GC95VetLWJBLVMKg6waHs9GxmJ2mn7y7jR1NkHRXaGul9ARQzQSydgtJZlM.OKHXwPBJHyyDSXWLKIS9CrdaQioVy46eyq8DLZClAZXCLpGQdGOzacpOhFoy3yqVk7N_S1xQazEeOBO2ue0Y6g
https://www.researchgate.net/scientific-contributions/Feng-Sun-2056997551?_sg%5B0%5D=zrZEfyI8oca6aZFWJaE8Wfx7JLlpZrcs0QJ2vYeUXdyUT9MMgOiPaKDUu6e0Wd8aK34LIdY.LTWvFe-_0Qn0_NwGul1LnrIeRu7bX5nwZVCwKuLBvafYL_AG-a-LxJsGs3b-eL7Wk1kPC51mZM9GK6Y8jMsxLw&_sg%5B1%5D=Si6I6rY4qaq0GC95VetLWJBLVMKg6waHs9GxmJ2mn7y7jR1NkHRXaGul9ARQzQSydgtJZlM.OKHXwPBJHyyDSXWLKIS9CrdaQioVy46eyq8DLZClAZXCLpGQdGOzacpOhFoy3yqVk7N_S1xQazEeOBO2ue0Y6g
https://www.researchgate.net/scientific-contributions/Ruihe-Wang-2136672863?_sg%5B0%5D=zrZEfyI8oca6aZFWJaE8Wfx7JLlpZrcs0QJ2vYeUXdyUT9MMgOiPaKDUu6e0Wd8aK34LIdY.LTWvFe-_0Qn0_NwGul1LnrIeRu7bX5nwZVCwKuLBvafYL_AG-a-LxJsGs3b-eL7Wk1kPC51mZM9GK6Y8jMsxLw&_sg%5B1%5D=Si6I6rY4qaq0GC95VetLWJBLVMKg6waHs9GxmJ2mn7y7jR1NkHRXaGul9ARQzQSydgtJZlM.OKHXwPBJHyyDSXWLKIS9CrdaQioVy46eyq8DLZClAZXCLpGQdGOzacpOhFoy3yqVk7N_S1xQazEeOBO2ue0Y6g
https://www.researchgate.net/profile/Qilong-Xue?_sg%5B0%5D=zrZEfyI8oca6aZFWJaE8Wfx7JLlpZrcs0QJ2vYeUXdyUT9MMgOiPaKDUu6e0Wd8aK34LIdY.LTWvFe-_0Qn0_NwGul1LnrIeRu7bX5nwZVCwKuLBvafYL_AG-a-LxJsGs3b-eL7Wk1kPC51mZM9GK6Y8jMsxLw&_sg%5B1%5D=Si6I6rY4qaq0GC95VetLWJBLVMKg6waHs9GxmJ2mn7y7jR1NkHRXaGul9ARQzQSydgtJZlM.OKHXwPBJHyyDSXWLKIS9CrdaQioVy46eyq8DLZClAZXCLpGQdGOzacpOhFoy3yqVk7N_S1xQazEeOBO2ue0Y6g
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2118%2F165378-MS?_sg%5B0%5D=d4u3UJ3DrIpA3UkJH0XRavav_zSI0pwh9bbHblrljqyfsoBn6uot8um5qeAr41IPL6-W864VtLJ3QMCsuC4s2Bou_A.VtJPQlKqr9q9JgTs1Jbm9_2NIsId_-UmiOqbI4499rPUlTAq6QcFsiIMenUCr_1BBNwIvji1Al8hAt3aZYXR3A
https://www.researchgate.net/scientific-contributions/Ruslan-Vakhaevich-Kasumov-2027195385?_sg%5B0%5D=x2eHv1vXPkBLD9TEKjb9b3KCa9qaHM83BB4ck7BvM2WF9uS-4s-Km5x68fgP6sEjexM3h8s.SkIzgULCT__xkBYNMb7433OuxAUxsmo4E-HRFiabRaydL_Og30i1TCUfU99tw_Uy-wm3FyVN6Ie4Ln_oo1S1Pg&_sg%5B1%5D=czRGZPSBLH4leooy_RZ4Ff6_mUgTJ2rjujG-PCdb8xPNJ5bSToQaO9Mo25WRl5iKHSFFL9U.zPMqam1GOrVYcBQced_4dH2_xTjq9h5qDAWUO24sg95zHTZHSYbUkVwt4tSy1KC0j6bixTNMH2uUJtgt8p8QIQ
https://www.researchgate.net/scientific-contributions/Joris-Houvet-2026971783?_sg%5B0%5D=x2eHv1vXPkBLD9TEKjb9b3KCa9qaHM83BB4ck7BvM2WF9uS-4s-Km5x68fgP6sEjexM3h8s.SkIzgULCT__xkBYNMb7433OuxAUxsmo4E-HRFiabRaydL_Og30i1TCUfU99tw_Uy-wm3FyVN6Ie4Ln_oo1S1Pg&_sg%5B1%5D=czRGZPSBLH4leooy_RZ4Ff6_mUgTJ2rjujG-PCdb8xPNJ5bSToQaO9Mo25WRl5iKHSFFL9U.zPMqam1GOrVYcBQced_4dH2_xTjq9h5qDAWUO24sg95zHTZHSYbUkVwt4tSy1KC0j6bixTNMH2uUJtgt8p8QIQ
https://www.researchgate.net/scientific-contributions/Timur-Vakhaevich-Kasumov-2027178431?_sg%5B0%5D=x2eHv1vXPkBLD9TEKjb9b3KCa9qaHM83BB4ck7BvM2WF9uS-4s-Km5x68fgP6sEjexM3h8s.SkIzgULCT__xkBYNMb7433OuxAUxsmo4E-HRFiabRaydL_Og30i1TCUfU99tw_Uy-wm3FyVN6Ie4Ln_oo1S1Pg&_sg%5B1%5D=czRGZPSBLH4leooy_RZ4Ff6_mUgTJ2rjujG-PCdb8xPNJ5bSToQaO9Mo25WRl5iKHSFFL9U.zPMqam1GOrVYcBQced_4dH2_xTjq9h5qDAWUO24sg95zHTZHSYbUkVwt4tSy1KC0j6bixTNMH2uUJtgt8p8QIQ
http://dx.doi.org/10.2118/135910-MS
http://dx.doi.org/10.2118/135910-MS
http://dx.doi.org/10.2118/158245-MS
https://www.researchgate.net/profile/Wu-Shun-Jwo?_sg%5B0%5D=CfpIXDXl08PaHeceBp7XQDJFTeOuTkjV1fmfTsBDcG3T9-1uSVHxxdVUnT9OexD_RgA3o9c.aZqD8rJN8UhljpGv4OELKydcFoXnR0vApWArlC_1ZqLfqn0yMu-epjR6RFlRwZ-840Dl6Pyvm-vN_IW8zGjYmg&_sg%5B1%5D=s45un8CnUBUimDqy0PtwDKDF7M5AyduNFQZHikqH8RPg61iaBP_zAoUphf1-gENsby0TqAE.s4JZtHaURxWqarHHwZzXp2BBeiz4XdiHAlvihF__GyJEM5myAd5SWtx2hThNUU53HYpqLp0Y6Sg84Mnkm8dNYg
https://www.researchgate.net/scientific-contributions/Wei-Liang-Chien-75234944?_sg%5B0%5D=CfpIXDXl08PaHeceBp7XQDJFTeOuTkjV1fmfTsBDcG3T9-1uSVHxxdVUnT9OexD_RgA3o9c.aZqD8rJN8UhljpGv4OELKydcFoXnR0vApWArlC_1ZqLfqn0yMu-epjR6RFlRwZ-840Dl6Pyvm-vN_IW8zGjYmg&_sg%5B1%5D=s45un8CnUBUimDqy0PtwDKDF7M5AyduNFQZHikqH8RPg61iaBP_zAoUphf1-gENsby0TqAE.s4JZtHaURxWqarHHwZzXp2BBeiz4XdiHAlvihF__GyJEM5myAd5SWtx2hThNUU53HYpqLp0Y6Sg84Mnkm8dNYg
http://dx.doi.org/10.1109/07IAS.2007.167
https://www.researchgate.net/scientific-contributions/Fei-Li-2175071101?_sg%5B0%5D=sSqbBRuhEfMnSw1ilW-5--Exm4IIabu3mPrUQnUMmcGI80QReRgugMkdFoI1-4bcoUjRSWk.DuB9e6E2k0Ax8CoDdwbG6wvlnBOG7eqYeyuaOv7e1mVTecUCGJY3nCPAqKD4pY0GRh1CEXAHBNnX8kST7DmTPQ&_sg%5B1%5D=rPwa0xSWeEJZ04mQ8EuvLHxSj1PsMPjt8LzFklGbycA5sxE2juk90mb49njc388YsxP-FOk.Lo-ehtZklDDUtOl3EgRIeFcwqejwFnt1n8nwlxwVWHNbq_HQ8FFV40DubaorO_VzL-Gb7uR-3luDccPxGDSIRA
https://www.researchgate.net/scientific-contributions/Xueying-Ma-2179698069?_sg%5B0%5D=sSqbBRuhEfMnSw1ilW-5--Exm4IIabu3mPrUQnUMmcGI80QReRgugMkdFoI1-4bcoUjRSWk.DuB9e6E2k0Ax8CoDdwbG6wvlnBOG7eqYeyuaOv7e1mVTecUCGJY3nCPAqKD4pY0GRh1CEXAHBNnX8kST7DmTPQ&_sg%5B1%5D=rPwa0xSWeEJZ04mQ8EuvLHxSj1PsMPjt8LzFklGbycA5sxE2juk90mb49njc388YsxP-FOk.Lo-ehtZklDDUtOl3EgRIeFcwqejwFnt1n8nwlxwVWHNbq_HQ8FFV40DubaorO_VzL-Gb7uR-3luDccPxGDSIRA
https://www.researchgate.net/scientific-contributions/Yuqi-Tan-2179710643?_sg%5B0%5D=sSqbBRuhEfMnSw1ilW-5--Exm4IIabu3mPrUQnUMmcGI80QReRgugMkdFoI1-4bcoUjRSWk.DuB9e6E2k0Ax8CoDdwbG6wvlnBOG7eqYeyuaOv7e1mVTecUCGJY3nCPAqKD4pY0GRh1CEXAHBNnX8kST7DmTPQ&_sg%5B1%5D=rPwa0xSWeEJZ04mQ8EuvLHxSj1PsMPjt8LzFklGbycA5sxE2juk90mb49njc388YsxP-FOk.Lo-ehtZklDDUtOl3EgRIeFcwqejwFnt1n8nwlxwVWHNbq_HQ8FFV40DubaorO_VzL-Gb7uR-3luDccPxGDSIRA
http://dx.doi.org/10.1088/1742-6596/1617/1/012085
https://www.researchgate.net/profile/Aboelmagd-Noureldin?_sg%5B0%5D=_9WHrm4yuhbYw8kda1YgW0Q8N-zS_tbnJ5SwAC1hhtSiFyPEM100vA8k9JE96PgAtaH6z5A.UKKhQMCmbwqovxAHJAfxB_up69PSgr2QARex_Wkh4DNKS2VXNxM9ymTemqk7g5OHsuJvL4_DXGI0MTKDXnViuw&_sg%5B1%5D=ny7IiZrnHMAtbQeAz3wiZx6vYT9mLaPtyJszskGVYvBScC11vXDdyoTYVKE5RasfwtnpuDY.pJX8qyVoXK34rz9Kppy21JvO8Gy2PO8Y7_F_xx7WaRoHPAJI7KDdw9dwpaakmQdvv3MkidLAgOl6kDPd3kwDcQ
https://www.researchgate.net/profile/Martin-Mintchev?_sg%5B0%5D=_9WHrm4yuhbYw8kda1YgW0Q8N-zS_tbnJ5SwAC1hhtSiFyPEM100vA8k9JE96PgAtaH6z5A.UKKhQMCmbwqovxAHJAfxB_up69PSgr2QARex_Wkh4DNKS2VXNxM9ymTemqk7g5OHsuJvL4_DXGI0MTKDXnViuw&_sg%5B1%5D=ny7IiZrnHMAtbQeAz3wiZx6vYT9mLaPtyJszskGVYvBScC11vXDdyoTYVKE5RasfwtnpuDY.pJX8qyVoXK34rz9Kppy21JvO8Gy2PO8Y7_F_xx7WaRoHPAJI7KDdw9dwpaakmQdvv3MkidLAgOl6kDPd3kwDcQ
http://dx.doi.org/10.1088/0957-0233/15/12/012
http://dx.doi.org/10.1088/0957-0233/15/12/012
http://dx.doi.org/10.5510/OGP20200400461
https://www.researchgate.net/scientific-contributions/S-Jones-Smith-Pathfinder-2098683732?_sg%5B0%5D=Ft8p109_a8FPl2XFB4SPnKNm5u8jPZdxxXd4nQra3o-Nu4LO1jW5gmdi3snS2qjRZW0N1b8.CaDC5P-n4m7M9b6Es1iUyHLo6FUw0gez6gMBywOKARvTium6jT-ZZYdAjlw1Jyu4R9LQuc_Zl09rJCrTomFnHg&_sg%5B1%5D=6nUq39cRx7g9Gx4MOdjI45ItDbqf7gbjTQ6VvUJI97j0lOdxfo6ALsSNvk9Z9Ip3uF40JkU.mHjps3PxJreRzBtDCnUwuk_9lAW-0xVTSQ70BgrfIT84oP0WMbHXIe0ziAa6IQRmwdSkJKc-RkjDUrH13L621Q
https://www.researchgate.net/profile/Tuna_Eren?_sg%5B0%5D=kaf4r-Xk8wHmq6IAuIDpviLLO5rtbbsggDAQERKEKWISxgkzo4F-Fvttdq8Jz5dlHjPhNVU.fwbCjfntgM8wzbYInk4uZudUtEI7Bq8Z7ZP7C2-Di-9BJZ2yQxc8eb-5Ehhf6y6JR3UTbCluc8IWNf7EOBMWyw&_sg%5B1%5D=wfjBoTlBkvTbSyCIRsDs3ftzlx6hXKvFNsdGqS1hFJ0HGOlNWhecSqjWPHcBIhVHoh7JZ2A.oTlxRDtzhLi67LL603e2eDoeh2zfxzhpDdqjKvbzrAX5v9Z9OfKrVtjD6LO-g3U5CHXAGRTBnF2hyv6ggv4NqA
https://www.researchgate.net/profile/Vural-Suicmez?_sg%5B0%5D=kaf4r-Xk8wHmq6IAuIDpviLLO5rtbbsggDAQERKEKWISxgkzo4F-Fvttdq8Jz5dlHjPhNVU.fwbCjfntgM8wzbYInk4uZudUtEI7Bq8Z7ZP7C2-Di-9BJZ2yQxc8eb-5Ehhf6y6JR3UTbCluc8IWNf7EOBMWyw&_sg%5B1%5D=wfjBoTlBkvTbSyCIRsDs3ftzlx6hXKvFNsdGqS1hFJ0HGOlNWhecSqjWPHcBIhVHoh7JZ2A.oTlxRDtzhLi67LL603e2eDoeh2zfxzhpDdqjKvbzrAX5v9Z9OfKrVtjD6LO-g3U5CHXAGRTBnF2hyv6ggv4NqA
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.jngse.2019.103081?_sg%5B0%5D=t1_vmMVztv1YA9YTqe5ghDVolG3bjmp9P6cLUAeS72nWGMWq3lvpA9KJC8cbtPEJphsHdqT-5bxh7hFDUAXp1V_ZDw.buCD01Z6XXiVPmbQdyXdYQOeiy6ZndObsNtRDV0-pqGyz0vTt3FFqtBcVQtWR5SlmN6LqOWvvCLrUSxnzJZllw
https://www.researchgate.net/scientific-contributions/Anurag-Krishnan-2186930386?_sg%5B0%5D=75oewyBwyhQOc2mLjVKd0ZZEPj8Z57i9gU0d0_5_HLvngTPT2M1BgY5rGuLk_19hugdJxF4.FGvqaLILl9b1NH2Zd6Cg5JHzvIF9MvD7F2xEmpJID_yinIzTzjvm3exYlhfDwjQ_Gqc3IxWWDiU6bUdBr28yLA&_sg%5B1%5D=7PxrabbOr1PKmblKfvh0-pVYHD9aKQqH83rOmXtKu3KexgfKC_yw2WagavAlB69eEF4fAsk.Mo3hlOqgrQw1jJaFFNe_3W74FxnymGh3lRfcEOqLoGh7TVrTBL4vmgJNq6gQsrV9Kil9mOSp1nzdiBvNXPdo_Q

