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ABSTRACT 

 

Directional drilling has long been considered as the backbone of most offshore 

drilling work. With the advancement of technology and increasingly difficult to reach 

reservoir, Extended Reach Drilling (ERD) has taken over as the opted solution. 

However, excessive torque and drag can impose critical limitations in ERD. This 

study aims to detail issues on DRILLSTRING DESIGN IN ERD BASED ON 

TORQUE AND DRAG ANALYSIS USING WELLPLAN
TM

 focusing on 

associated drilling problems- buckling and pipe sticking. The Landmark software 

which has been used for this study is developed by Halliburton and provides 

WELLPLAN
TM

 software that covers torque and drag analysis. The outcome of this 

study is further understanding on parameters governing torque and drag analysis with 

regards to drillstring design. This document is a dissertation report which 

encompasses the background of the study, a problem statement, the objectives, scope 

of study, the literature review, the research methodology, results, discussion, 

conclusion and recommendations. 
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CHAPTER ONE : INTRODUCTION 

 

1. BACKGROUND STUDY 

 

Extended Reach Drilling (ERD) is essentially an advanced form of directional 

drilling which integrates both directional and horizontal drilling techniques. ERD 

wells are characterized by a long lateral section after end of curve (EOC) point and 

high inclination angle.  

Although these types of wells are challenging to drill, the benefits of an ERD well 

can include minimized environmental impact, reduced capital expenditure (CAPEX), 

optimized productivity and field recovery achieved by increasing contact with pay 

zone and improve recovery factor from otherwise hard to reach reserves.  

ERD operations are gaining popularity in drilling operations nowadays because they 

allow the exploitation of reserves that were previously uneconomical to produce. By 

increasing the lateral departure from the production site to the reservoir and by 

drilling horizontally through the reservoir, projects which were previously deemed 

unfeasible are now seen as economically attractive investments. 

Nonetheless, there are limitations when it comes to drilling an ERD well: 

• Hole-cleaning issues at increased inclinations. 

• Increased torque and drag due to elevated loads created by the drillstring 

running and rotating in highly inclined wellbores. 

• An increased amount of tubulars which are required to reach the potential pay 

zones increase the tension, compression and axial load experienced by the 

tubulars.  

• High tensile axial loads are experienced by the tubulars near the surface and 

high compressive loads on the tubulars in the bottom of the hole. 
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The loads experienced by the drillstring can be in the form of tension, compression, 

bending, torque and pressure. Subsequently, the drillstring design must take into 

account these load in order to ensure that targeted depth can be reached. 

1.1 Torque  

The frictional force between the pipe and the borehole/casing wall is the most 

important factor in determining the torque and drag behavior of the tubulars. The 

most common sources of torque are the bit torque; the torque along the wellbore; and 

the mechanical torque (cuttings, stabilizers, centralizers). 

According to BP’s Industry ERD guidelines, analysis and projections of torque 

should recognize the total surface torque as; 

Total Surface Torque = String torque + Bit torque + Mechanical torque   

+Dynamic torque 

By separating torque into each of the above unique elements, more accurate friction 

factors can be used for torque assessment. Subsequently, deviation from a predicted 

torque trend model provides an early-warning to inadequate hole cleaning or problem 

with the bit/BHA. 

For this study, the torsional capacity of the string is evaluated by its tool joint 

capacity which is determined from its box OD, pin ID and connection type (API tool 

joints). Typically, these tool joints are only about 80% as strong as the drill pipe body 

which makes it the limiting component in a drillstring. Therefore, it limits the rotary 

torque that can be applied to the string. Should the torque applied exceed the makeup 

torque, failure will occur. 

1.2 Drag 

Drag is a measure of resistance to upward or downward movement of the pipe. Drag 

prediction for ERD wells are influenced by various factors which includes trajectory 

design, drillstring design, mud and formation lubricity, wellbore condition and 

tortuosity. 

In addition to that, drag on drillstring increases during picking up, slacking off and 

slide drilling. Moreover, the existence of high hole inclination and curvature in ERD 
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will bring the drag forces to a higher levels due to the pull of gravitational force, 

compressive forces and tensile forces. 

 

1.3 Buckling 

An issue which is unique to drag prediction is the potential buckling of the string 

under axial compression. Buckling is a result of drag which folds the pipe under 

compressional forces against the wellbore wall in a sinusoidal configuration. If loads 

continue to increase, the pipe will bend helically and movement is halted.  

In directional and ERD wells, as the angle increases in the wellbore, so does the 

tendency for the pipe to lie down on the lower side of the hole. This allows the pipe 

to reach a state of stability and to carry higher axial compressive stresses without 

buckling. However, when more compressive force is applied to the tubular system, 

buckling can occur.  

Depending on the magnitude of the compressive loads and the stiffness of the 

drillstring, sinusoidal or helical buckling can develop. A further increase in the 

compressive load will lead to lock-up, where the side forces are extremely high and 

no more weight can be transferred from one point to another. 

The most applicable models for drillstring and liner buckling are Dawson-Paslay 

(1984) for inclined wellbores and Lubinski (1950) for vertical wellbores. The 

sinusoidal buckling load can then be calculated by using the Dawson-Paslay 

equation. 

 

Fsin =     2 x EIWsinθ 

 

On the other hand, the critical buckling load is the load which causes large 

displacements with only little increases in load. The minimal load acting on an end of 

a tube which creates axial buckling can be calculated by the critical buckling load 

formula. 

Bcrit = f x [Bf
2
 x (D

2
 + d

2
) x (D

2
 – d

2
)
3
]
1/3 

 

r (1) 

(2) 
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Figure 1 below shows the buckling of the pipe if buckling load is exceeded.  

 

 

 

                                         

 

Figure 1: Types of Pipe Buckling 

Buckling behavior is important when analyzing torque requirements since torque can 

increase significantly as a result of increasing compressive loads. Therefore, for long 

horizontal or high-angle sections, excessive drag can limit weight transferred to the 

bit, enhance drillstring buckling and reduce directional control. 

1.4 Drillstring Design 

Drilling extended reach wells places significant requirements on the drillstring. 

Lengthy drillstring can lead to high tensile loads, which in turns can lead to slip-

crushing, hoisting issues and drill pipe collapse capacity concern (World Oil, 2006).  

ERD drillstring loading can be characterized as high torque and low tension. For 

selecting the drillstring design of an ERD well, it is important to assess the load that 

the drillstring will experience, especially the tension and torsional load so that each 

component selected can safely carry this load without failure. In addition to 

modifying the well path, mud properties and the casing program, the redistribution of 
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loads can also be carried out by modifying the location of individual components on 

the drillstring (location of stabilizers, centralizers etc) 

According to BP Industry Extended Reach Well Guideline, the drillstring design of 

an ERD well is an iterative process involving variable with conflicting issues. Below 

Figure 2 shows the process of selecting drillstring design, taking into account the 

non-cyclic load that the drillstring may experience. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Process Involving Drillstring Design 

According to Dr Tuna Eren, a senior drilling engineer in Eni E&P, we should always 

use pre-defined, tabulated constant drilling parameter values in the design 

calculations for consistent and comparable result. Therefore in this project, the yield 

stress tension, rotary torque and their combined effect will be evaluated in 

appropriate reference materials if necessary.  

Below listed materials has been used for this study: 

1) API catalogue 

1. Determine the expected loads 

2. Select the drillstring components  

3. Verify each component’s condition 

4. Drillstring design process (optimize) 

5. Monitor condition during drilling 
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2) Halliburton Red book 

As a rule of thumb, an overpull margin of 100,000 lbs or 50 tonnes are added to 

tension design consideration. For torsional load, it is a standard practice to stay below 

the makeup torque to give a margin below ultimate torsional strength. 

1.5 Hole Issues- Pipe Sticking 

Pipe sticking occurs when the pipe cannot be freed or moved when it is in the 

wellbore. There are two types of pipe sticking problems- differential pressure pipe 

sticking and mechanical pipe sticking. Below Figure 3 shows differential pipe 

sticking. 

 

Figure 3: Differential Pipe Sticking with Embedded Pipe Length 

Differential pipe sticking occurs when the drillstring is held against the wellbore by a 

force created by the imbalance of hydrostatic pressure in the wellbore and the pore 

pressure of a permeable formation. Usually, the drilling operation is done in 

overbalance condition; which means that the hydrostatic pressure in the wellbore 

(mud pressure) is always greater than the pore pressure. The resultant force of the 

overbalance acting on an area of the drillstring is the force that sticks the string. 

The causes of differential pipe sticking are: 
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1) Unnecessary high differential pressure 

2) Thick mud cake 

3) Low lubricity mud cake 

4) Excessive embedded pipe length in mud cake 

 

On the other hand, mechanical pipe sticking is caused by:  

1) high accumulative of drilled cutting in borehole 

2) borehole instabilities (hole geometry related problems  

Refer Figure 4 below for example. 

Mechanical sticking usually occurs when the drill string is moving and is caused by a 

physical obstruction or restriction. Mechanical sticking can be classified into two 

major subgroups:  

1) Hole pack-off and bridges- stuck pipes which are related to wellbore 

instability or settled cuttings are in this category 

2) Wellbore geometry interferences- this refers to stuck pipes which are related 

to the condition of wellbore geometry such as key seats or an under-gauge 

hole. (Shadizadeh et al, 2010) 
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Figure 4: Wellbore Geometry Related Pipe 

 

Figure 5: Packing Off Due to Washout 
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2. PROBLEM STATEMENT 

Drill string will experience high tensile axial loads near the surface and high 

compressive loads at the bottom of the hole especially in the highly inclined and long 

tangential section of an extended reach drilling (ERD) well. In order to provide 

satisfactory weight on bit, the drill string is further compressed and if this 

compression exceeds the critical buckling load, buckling will occur. 

Furthermore, differential pipe sticking in an ERD well is more prominent compared 

to a conventional well due to its long lateral section which increases the contact area 

between drill string and wellbore. If the pipe experience differential pipe sticking, the 

required torque to turn the drill string will increase.  This problem must not be taken 

lightly because it may cause drilling to be halted due to excessive torque and drag, 

which will in turn cost a loss of time and money. 
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3. OBJECTIVES AND SCOPE OF STUDY 

 

The objectives of this study are: 

 To understand the parameters governing drillstring design 

 To investigate the possibility of buckling and occurrence of differential pipe 

sticking 

 To reduce torque and drag and mitigate the risk of torsional failure and 

buckling of the drill string without over designing the tubular for ERD well 

operation 

 

Scope: 

 In this project, the torque and drag load has be modeled using WELLPLAN
TM

 

by Halliburton. Since the drillstring load estimation will vary depending on 

the operation, it was decided that modeling would be done for all six 

operation mode available in WELLPLAN
TM

. The six operational modes that 

are available in the software are; backreaming, sliding drilling, tripping in, 

tripping out, and rotating on bottom and rotating off bottom. 

 

 Conducting simulation using Landmark WELLPLAN
TM

 software on torque 

drag analysis with regards to drillstring design  
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4. RELEVANCY OF PROJECT 

The torque and drag generated in ERD wells are significantly higher than 

conventional wells thus close attention and special drilling practices are required 

during operation. The analysis done in this study generates a trend curve which is 

used to optimize drillstring configuration for the field data. The torque and drag trend 

also projects incoming hole problems such as buckling and pipe sticking. This is 

especially useful so that early preventive actions can be taken. 

 

5. FEASIBILITY STUDIES 

This project will have a time frame of roughly 7 months for completion starting from 

September 2011 until May 2012. The project will be started by researching materials 

such as books, journals and technical papers on torque and drag considerations as 

well as drillstring design and management for ERD wells.  

Since this project needs to be completed in a short period of time, the scope of study 

has been narrowed down to drillstring design and solving buckling and pipe sticking 

problem in ERD well. It is hoped that with a more specific topic, the project can be 

completed on time with sufficient data gathering and satisfactory lab work. 

In order to fully understand the topic, research will be done from time. Landmark 

simulation lab will also be utilized in order to come out with the results. 
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CHAPTER TWO : LITERATURE REVIEW AND/OR THEORY 

Extended-Reach Drilling (ERD) has evolved from simple directional drilling to 

horizontal, lateral, and multilateral step-outs. ERD employs both directional and 

horizontal drilling techniques and has the ability to achieve horizontal well 

departures and total vertical depth-to-deviation ratios beyond the conventional 

experience in a particular field (Gerding 1986).  

ERD can be defined in terms of reach/TVD (total vertical depth) ratios. Local ERD 

capability depends on the extent of experience within specific fields and with specific 

rigs and mud systems. “ERD wells drilled in specific fields and with specific rigs, 

equipment, personnel, project teams, etc. do not necessarily imply what may be 

readily achieved in other areas” (Judzis et al. 1997). 

Possible challenges to successful ERD include problematic movement of downhole 

drillstring and well casing, applying sufficient weight to the drill bit, buckling of well 

casing or drillstring, and running casing successfully to the bottom of the well. 

Drillstring tension may be a primary concern in vertical wells, but in ERD, drillstring 

torsion may be the limiting factor. Running normal-weight drill pipe to apply weight 

to the bit in ERD can lead to buckling of the drill pipe and rapid fatigue failure. 

Conventional drilling tools are prone to twist-off because of unanticipated failure 

under high torsional and tensile loads of an extended-reach well (JPT 1994).  

Drillstring design for ERD involves: (1) determining expected loads; (2) selecting 

drillstring components; (3) verifying each component’s condition; (4) setting 

operating limits for the rig team; and (5) monitoring condition during drilling. 

Economic and related issues in drillstring planning include cost, availability, and 

logistics. Rig and logistics issues include storage space, setback space, accuracy of 

load indicators, pump pressure and volume capacity, and top-drive output torque. 

Drill hole issues include hole cleaning, hole stability, hydraulics, casing wear, and 

directional objectives (Judzis et al. 1997). 

Drillstring design is vital for operations on highly deviated, horizontal and extended 

reach wells. Dawson and Paslay (1984) proved that the hole supports the pipe along 

its lateral length and provides additional resistance to buckling. They established the 
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boundaries between regions of stable and unstable behavior. For drill pipe that is in a 

compression stare, their analysis provided the maximum compressive loads that the 

pipe can withstand without experiencing buckling.  

In shallow horizontal shale-gas wells, drillstring design becomes an even major 

concern because the possibility of buckling is high. In order to reach an acceptable 

rate of penetration, sufficient weight should be exerted on the bit without exceeding 

the critical buckling loads. Therefore, some inverted BHAs containing heavyweight 

drill pipe, or drill collars above drill pipe are proposed to help transfer the weight 

downhole (JPT 2011). 

On the other hand, torque can be significantly reduced with the use of nonrotating 

drill pipe protectors (Payne et al. 1995). Advanced equipment for an ERD well may 

include wider diameter drill pipe, additional mud pumps, enhanced solids control, 

higher capacity top-drive motors, more generated power, and oil-based drilling fluids 

(Judzis et al. 1997). 

As stated by Reinhold, a drill pipe must undergo: (1) Tension; (2) Torsion; (3) 

Bending and/or cyclical stress; (4) Compression; (5) Corrosion; (6) Abrasion; (7) 

Mechanical damage to the OD; (8) Internal pressure which may cause burst; (9) 

External pressure which may cause collapse and (10) Severe shock and vibration. 

Based on above observation by Reinhold
8
, the working relationship between various 

components of a drill string must be analyzed carefully. As stated in JPT 1994, 

conventional drill stems are about 30 ft long and are made up of a bit, stabilizer, 

motor, a measurement-while-drilling (logging) tool, drill collars, more stabilizers, 

and jars. Typically there are more than 1,600 parts to a drill string in a 24,000-foot 

well. A modern drill string can be made up of hundreds of components from more 

than a dozen vendors. These components may not always perform as anticipated and 

may not meet operational demands of drilling an extended-reach well (JPT 1994). 

Nowadays in drillstring design of ERD well, aluminum drill pipes are emerging as a 

new technology to replace conventional steel drill pipes (Gelfgat et al, 2003). The 

drillstring assembly and its weight influence the possibility of drilling according to 

the designed borehole path. Therefore, the choice of drill pipe material becomes 
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critical. Gelfgat et al (2003) considers aluminum alloys as the most prospecting 

material since ERD involved hard operating condition whereby large axial load 

existed at the bottom of the well and high torque is resulted from increased drag 

forces with drillstring running and rotation. They believe that since aluminum drill 

pipes are about three times lighter than steel pipes in air, aluminum drill pipes can 

improve ERD operations significantly. 

High drillstring torque and excessive casing wear often pose serious problems in 

ERD wells. High drill string torque can threaten well completion by exceeding the 

capacity of Top Drive systems or drill string capacity. The time taken to solve these 

problems may increase well completion times and costs thus proper modeling prior 

to drilling is required. One approach to reducing drill string torque and preventing 

excessive casing wear is the use of Non-Rotating Drill Pipe Protectors (NRDPP) (N. 

B. Moore et al. 1996). 

Jellison et al (2005) stated that the drill pipe and tool joint assembly must be capable 

of withstanding the anticipated service loads including: axial force (tension or 

compression), torsion, pressure (internal and/or external) and bending. A key 

consideration that drives connection design and selection is torsional strength. This is 

also agreed upon by McCormick and Chiu (2011) whom stated that in an ERD wells, 

two common problems with torque are the friction resistance to drillstring rotation 

and the make-up torque limitation. If the rotary torque is too high, torsional failure 

would result.  

For this project, one of the hole problem issues that will be analyzed and modeled is 

pipe sticking. Differential pipe sticking usually occurs when the drillstring is 

stationary or moving at a slow speed, when an area of contact exist between the 

drillstring and the wellbore, when an overbalance is present, across a permeable 

formation and in a thick filter cake (Driller Stuck Pipe Handbook, 1997). 

On the other hand, Shadizadeh et al. (2010) describes mechanical sticking as a 

physical obstruction or restriction which can be classified into two major subgroups: 

a) Hole pack-off and bridges; stuck pipes which are related to wellbore instability or 

settled cuttings are in this category and b) Wellbore geometry interferences; this 
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refers to stuck pipes which are related to the condition of wellbore geometry such as 

key seats or an under-gauge hole.  
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CHAPTER THREE : METHODOLOGY/PROJECT WORK 

 

1. RESEARCH/ PROJECT METHODOLOGY 

Below describes the overall methodology and general work flow that will be 

executed for this project. 

Final Year Project 1 (Last semester) 

 

Final Year Project 2 (Current semester) 

 

For this project, the required data was obtained from a field offshore Terengganu, 

Malaysia. The work procedure done for this project is as described below. 
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Work Procedures (WELLPLAN
TM

) 

1) Key in required input and parameters as in field data 

2) Torque and drag assessment (Normal Analysis mode) 

i. Check for problems arising in the drillstring 

ii. Check for buckling/stress related failure 

iii. View result for all six operational mode 

3) Amend the string configuration to mitigate or minimize torque and drag 

effects 

4) Check charts/graph obtained  

Hand calculation (Macro using VBA) 

Hand calculation will be done for the maximum pull force, Fpull, required to free 

stuck pipe due to differential pressure sticking. The procedures are as follows:- 

1) Calculate the arc length, ψ 

 

Where, 

Dh = hole diameter 

hmc = mudcake thickness 

Dop = outer pipe diameter 

 

2) Calculate contact area, Ac 

 

Where, 

Lep = length of permeable zone 

 

3) Calculate required pull force, Fp 

 

Where, 

μ = coefficient of friction 

∆Р = differential pressure between mud pressure and formation fluid pressure 
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4) Generate a graph by varying μ and plotting it against corresponding Fp 

 

Figure 6: Example of Generated Graph Using Macro 

 

Macro Interface 

 

Figure 7: Interface for Macro Using VBA 
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2. GANTT CHART 

 

        Suggested milestone 

        Process           

 

3. KEY MILESTONES 

Final Year Project 1 (Last semester) 
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Final Year Project 2 (Current semester) 

 

4. TOOLS 

 Halliburton’s WELLPLAN
TM

 software - Landmark 

This project involves simulation of real field data using WELLPLAN
TM

 

software by Halliburton to model torque and drag analysis and drillstring 

design related to ERD. Torque and drag computer modeling enables the study 

of drillstring design and expected forces/stresses on drillstring components. 

This is necessary to design within component and operational limitations. 

 Microsoft Excel – Visual Basics for Applications (VBA) 

For this project, VBA will be used to format a program which calculates the 

required pull force to free stuck pipe due to differential sticking. The macro 

developed produces “coefficient of friction, μ vs required pull force, Fpull” 

graph. 
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CHAPTER FOUR : RESULTS AND DISCUSSION 

 

CASE STUDY 

The main objective of this project is to reduce torque and drag and mitigate the risk 

of torsional failure and buckling of the drill string without over designing the tubular. 

The data obtained from an offshore field Terengganu concerns an ERD well with HD 

to TVD ratio of 2.465.  

 

Figure 8: Wellpath Vertical Section 

Wellbore information 

The well (Well X) incorporates a build and hold trajectory, with maximum 

inclination of 78 degrees and maximum dogleg severity (DLS) of 3
o
/100 ft. Kicking 

off at 984 ft, well X extends to a measured depth of 15653 ft with 13321 ft of 

tangential section. Well X was drilled with a mobile self-elevating jack up rig due to 

its shallow location. Above Figure 6 shows the well trajectory plotted against depth.  

 

Well X was drilled using five different BHA and completed with three casings plus a 

liner. For this project, two sections which characterize an ERD well have been 
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chosen for analysis- the 16” build section and the 12 ¼” hold section. Figure 7 and 

Figure 8 shows the BHA schematics for 16” hole and 12 ¼” hole respectively. 

 

 

Figure 9: 16" Hole BHA Schematics 

 

Figure 10: 12 ¼ " Hole BHA Schematics 

The drilling operation for these two particular sections must be planned and executed 

carefully; maintaining a balance between good hole cleaning, rate of penetration 

(ROP) and system capability. There is a possibility of high torque and drag in these 

two sections thus an optimal design is necessary to provide a more efficient weight 

transfer and rotational ability of the string. 
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16” Hole Section 

The 16” section is drilled from 577 ft to 2953 ft (measured depth); RSS run with 10 

to 25Klbs weight on bit (WOB); build from 0
o
 to 57

o
 and rotated at 120 to 140 RPM 

to reduce the drag encountered. Higher RPM is desirable while drilling this section 

but the rotational speed is limited by the make up torque of each tubular component.  

Out of the six operational modes previously mentioned, only backreaming, tripping 

in, rotating on bottom and rotating off bottom involves the turning of the drill string. 

Therefore, in below normal torque graph, it can be seen that only these four 

operations has an increase in torque when inclination increases. 

 

Figure 11: 16" Torque Point Chart 

High levels of torque and drag can lead to situations where the casing, liner and/or 

completion cannot be installed at the planned depth. Problems getting casing to 

bottom, getting WOB or trouble sliding could also result from this. All of these can 

limit the ultimate depth of the well thus should be minimized as much as possible. 

In addition, it can be seen from Figure 10 below that the drill string experience an 

increase in fatigue ratio while drilling the inclined section because of the high contact 

area between tubular and wellbore. 
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Figure 12: 16" Fatigue Graph 

The side loads are the distributed normal (lateral) forces acting on the drill string. 

These loads, when combined with the local coefficient of friction, affect the torque 

required to rotate the string. The side loads are primarily affected by the wellpath and 

the weight of the drill string. 

 

Figure 13: 16" Side Force Graph 

Doglegs can also contribute to the side loads and hence, torque. To minimize these 

effects, RSS is used to drill this section to provide a smoother well trajectory. It is 
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also well known that side loads can be increased by the buckling of the drill string. 

Therefore for well X, adequate analysis is done to ensure that the string does not 

experience excessive buckling. 

After analysis has been done, a torque and drag load summary was generated (refer 

Table 1 at next page). Table 1 displays load summary information for the operating 

modes specified on the Mode Data dialog for Normal Analysis. From the load 

summary generated using WELLPLAN
TM

, it is projected that we will not experience 

any problem with the drill string. 

Below are the failure flags that can be obtained from load summary. 

Legend 

The S column has mode flags to indicate the type of stress failure present. 

Flag 

No load limit exceeded ~ 

Make-up torque exceeded T 

Fatigue endurance limit exceeded F 

Yield strength exceeded Y 

Yield strength and the Maximum Overpull Using 

% of Yield specified on the Torque Drag Setup 

Data Dialog are exceeded 

X 

The B column mode flags indicate the type of buckling present. 

Flag 

No buckling ~ 

Sinusoidal buckling in some part of the string S 

Helical buckling in some part of the string H 

Excessive buckling caused string lock-up L 
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The table below summarizes torque and drag load summary while drilling the 16” hole section.  

  Load Case STF B 

Torque At 

Rotary 

Table 

Windup 

With 

Torque 

Windup 

Without 

Torque 

Measured 

Weight 

Total 

Stretch 
Axial Stress 

        (ft-lbf) (revs) (revs) (kip) (ft) 
Measured 

Depth (ft) 
BIT (ft) 

1 BACKREAMING ~~~ ~ 9283.8 1.0 0.7 175.3 1.1 2667.9 285.1 

2 TRIPPING OUT ~~~ ~ 0.0 0.0 0.0 173.2 1.0 2667.9 285.1 

3 ROTATING ON BOTTOM ~~~ ~ 7572.2 0.9 0.6 125.3 0.4 2372.7 580.3 

4 TRIPPING IN ~~~ ~ 0.0 0.0 0.0 132.5 0.5 2625.7 327.3 

5 ROTATING OFF BOTTOM ~~~ ~ 6207.1 0.7 0.7 150.3 0.7 2667.9 285.1 

6 SLIDING ASSEMBLY ~~~ ~ 0.0 0.0 0.0 122.8 0.4 2377.8 575.2 

Table 1: 16" Torque Drag Load Summary 
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12 ¼ ” Hole Section 

This 12 ¼ ” section is drilled from 2953 ft to 9843 ft with inclination building from 

57
o
 to a max build angle of 78

o
 which holds tangent until section target depth. From 

analysis, a WOB more than 10klbs is not suitable as it leads to helical buckling. The 

string utilizes RSS Xceed900 to improve hole cleaning as well as hole quality (in 

terms of minimizing the tortuosity) and is rotated at 140 RPM. 

 
Figure 14: 12 ¼ " Hole Effective Tension Graph 

Effective tension graph is used to determine when buckling may occur. Plot curves 

indicate the loads required to buckle (helical or sinusoidal) the drill string. When the 

effective tension load line for a particular operation mode crosses a buckling load 

line, the string will begin to buckle in the buckling mode corresponding to the 

buckling load line.  

As shown in Figure 12 above, slide drilling (yellow line) lightly crosses the 

sinusoidal buckling limit (red line). As a result, the tubular will experience sinusoidal 

buckling. In this case, sinusoidal buckling is acceptable because the string will return 

to its original state after slack off. However, while drilling this section, measures 

should be taken to ensure that WOB remains at 10klbs and ROP is as planned and 

that string has not taken weight. 
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The fatigue ratio is the calculated bending and buckling stress divided by the fatigue 

endurance limit of the pipe. Compared to the maximum fatigue ratio of 0.47 for 16” 

hole section, the 12 ¼ ” section has relatively higher fatique ratio of 0.58 as shown in 

Figure 13. This is due to the higher bending and buckling stress experienced by the 

tubular when in prolonged compressive contact with the wellbore.  

 

Figure 15: 12 ¼ " Fatigue Graph 

Similar to the 16” hole section, torque for Well X increases as measured depth and 

inclination increases in the 12 ¼ ” hole as well. Figure 14 below displays the 

maximum torque found at the surface for each operational mode. This plot also 

displays the make-up torque limit for reference. 

 

Figure 16: 12 ¼ " Torque Point Chart 
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Tripping in with /without rotation 

Studies have shown that rotation of the drill string has a significant effect on hole 

cleaning during directional-well drilling. Rotation of the string also minimizes the 

risks of pipe buckling and helps to increase the rate of penetration.  

For the 12 ¼ “ hole section, it was discovered that if the string is rotated at 40 RPM 

while tripping in, the hookload will not exceed the maximum weight to buckle. 

Subsequently, if tripping was done without any rotation, buckling may occur. 

This is evident in Figure 15 and Figure 16 below. These two plots display the hook 

load for tripping in calculated using different friction factors.  

 

Figure 17: Sensitivity Plot- Hook Load (Tripping In WITHOUT rotation) 
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Figure 18: Sensitivity Plot- Hook Load (Tripping In WITH rotation) 

The plots also show the tensile or compressive yield limits at each of the string 

depths analyzed. From the graph, the load that will fail the workstring can be 

determined, but the exact location of where the failure occurred is not shown. The 

most right red line (for maximum weight to yield and minimum weight to helically 

buckle) represent the operating envelope for the string over a range of depths.  
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The table below summarizes torque and drag load summary while drilling the 12 ¼ ” hole section. 

 

  Load Case STF B 

Torque At 

Rotary 

Table 

Windup 

With 

Torque 

Windup 

Without 

Torque 

Measured 

Weight 

Total 

Stretch 
Axial Stress 

        (ft-lbf) (revs) (revs) (kip) (ft) 
Measured 

Depth (ft) 
BIT (ft) 

1 BACKREAMING ~~~ ~ 23412.1 7.3 6.3 189.0 5.4 9253.2 589.8 

2 TRIPPING OUT ~~~ ~ 0.0 0.0 0.0 250.2 6.6 9253.2 589.8 

3 ROTATING ON BOTTOM ~~~ ~ 20180.2 7.0 6.1 139.0 2.8 3711.4 6131.6 

4 TRIPPING IN ~~~ ~ 14295.1 4.8 4.8 126.1 2.7 2670.7 7172.3 

5 ROTATING OFF BOTTOM ~~~ ~ 18923.0 6.1 6.1 164.0 4.1 8250.3 1592.7 

6 SLIDING ASSEMBLY ~~~ S 0.0 0.0 0.0 85.1 1.2 797.7 9045.3 

Table 2: 12 ¼ " Load Summary 
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Macro Using VBA 

This macro is written to compliment the drillstring analysis for this project. In the 

case of differential pressure stuck pipe, the increment in torque and drag will cause 

inability to rotate the drill string. In order to prevent or mitigate its occurrence, the 

lowest differential pressure is recommended during tripping operations. Ideally, the 

drillstring should be rotated at all times (if possible). 

Case study 1 

The drillstring is found to be differentially stuck with a differential pressure of 500 

psi when tripping out of a depleted zone. The hole diameter is 9” while the drill 

collar outer diameter is 6”. Total length of drill collar embedded in the mud cake is 

20 ft. The mud cake thickness is 2/32” and the coefficient of friction is 0.15 for oil 

based mud. 

 

 

 

 

 

 

 

Based on the calculation in above figure, the required pull force is 37455.88 lbs. 

 

 

 

 

Figure 19: Calculation For Case 1 
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Case study 2 

A pipe at 10,000 ft is found to be differentially stuck while tripping out from a long 

lateral section of an ERD well. The CoF is equal to 0.2 and have mud cake thickness 

of 1/3”. Drill collar used is 6.25” OD, with hole size of 8.5”. The mud weight is 

equal to 10 ppg. Formation pressure at 10.000 ft is 4950 psi and length of embedded 

portion is equal to 50 ft.  

 

 

 

 

 

 

Due to the long embedded pipe length, the force required in order to pull free the 

stuck pipe is more, which is 148163.89 lbs. The maximum overpull is restricted by 

the rig capability thus the required pull force must be predicted beforehand for 

various situations in order to determine a suitable rig for drilling the well. In 

conclusion, the calculation of Fpull is important in an ERD well operation. 

 

 

 

 

 

 

 

Figure 20: Calculation For Case 2 
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DISCUSSION 

Recap:- 

The objectives of this study are: 

 To understand the parameters governing drillstring design 

 To investigate the possibility of buckling and occurrence of differential pipe 

sticking 

 To reduce torque and drag and mitigate the risk of torsional failure and 

buckling of the drill string without over designing the tubular for ERD well 

operation 

 

1. Parameters governing drill string design 

Drill string design is mainly govern by the torque and drag exerted on the tubular. 

The long horizontal departure in an ERD well poses a high chance for the tubular to 

lie on the low side of the wellbore. This will increase the drag force which acts in the 

opposite direction of motion. 

Another component that is important in drill string design is torque. As drag 

increases, the rotational ability of a drill string decreases. To be able to turn the string 

while drilling is important to maintain a good hole cleaning and to reach TD. Not 

only that, rotating the string helps to mitigate the risk of stuck pipe and decreases the 

torque for tripping operation. On the other hand, the make up torque for each 

component must not be less than the torque applied on the string to avoid connection 

failure. 

One more important design factor for a drill string is its ability to maintain a good 

hole cleaning. At well X, hydroclean drill pipes are utilize in both 16” and 12 ¼ “ 

hole section to assist in keeping the wellbore clean. Frequent bottoms-up and wiper 

trips are also recommended. Good hole cleaning can minimize torque and drag.  

2. Loads experience by the string 

In the analysis, several stresses are calculated and plotted against measured depth. 
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 Axial stress due to hydrostatic and mechanical loading 

 Bending stress approximated from wellbore curvature and is due to buckling 

 Hoop stress due to internal and external pressure 

 Radial stress due to internal and external pressure 

 Torsional stress from twist 

 Transverse shear stress from contact 

 Von Mises 

3. Buckling 

Buckling first occurs when compressive axial forces exceed a critical buckling force. 

Different critical buckling forces are required to initiate the sinusoidal and helical 

buckling phases. Buckling of the string will have an influence on reach capability, 

fatigue and directional control. 

In SPE 36761, it was stated that in an ideal situation, without external disturbances, 

the pipe would stay in a sinusoidal buckling mode until the axial force reached 2.8 

times the sinusoidal buckling force. At this point, the pipe would transition to the 

helical buckling mode.  

Furthermore, buckling prevents free pipe movement which increases torque and drag. 

Therefore, measures must be taken to ensure that buckling does not happen. The 

measures include proper torque and drag modeling and keeping a watch on WOB and 

resultant ROP. 

4. Differential Pipe Sticking 

Hydraulic or differential pipe sticking could not be modeled using WELLPLAN
TM

. 

Therefore, a macro that computes the required pull force, Fpull to free stuck pipe due 

to hydraulic sticking has been written to compliment this project. 

The formula used for calculating Fpull does not take the angle of the pipe at the 

moment into consideration. According to J. J. Azar, although pipe angle plays a role 

in pipe-sticking force, it is an uncontrollable variable. Subsequently, there is no way 

to determine at what exact depth and angle the pipe would be stuck.  
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CHAPTER FIVE : CONCLUSION AND RECOMMENDATION 

From the analysis done for Well X, it can be concluded that suitable WOB and 

rotation speed is required to ensure that well TD could be reach. Torque and drag 

may be an issue for the inclined and tangential section of the wellbore but there are 

numerous measures that have been opted and utilize by the industry.  

The use of mechanical torque reduction tool such as spiral heavy weight drill pipe 

(HWDP), RSS and NRDPP are among the few common practices in the oil and gas 

business. In addition, MWD and LWD tools should be run at appropriate intervals to 

ensure that well X will have minimal tortuosity and deviation from plan.  

For differential pipe sticking, spiral drill collars are recommended while drilling in 

problematic areas like depleted and subnormal zones. The shape of drill collars, 

availability of grooves or external upset tool joints, can minimize the sticking force. 

Properly managing the lubricity of the drilling fluid and quality of mudcake across 

permeable formations also helps to reduce the occurrence of stuck pipe.   

As a conclusion, factors that should be considered when designing a drill string 

include: 

1. Maximum expected loads 

2. Accumulated fatigue 

3. Equipment availability 

4. Buckling 

5. Hydraulics requirement 
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CHAPTER SEVEN : APPENDICES 

 

Above: Geothermal Gradient Data 

 

Above: Wellpath Vertical Section 
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Above: Wellpath DLS 

 

Above: Wellpath Editor 
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Above: Wellpath Editor (cont’d) 
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Above: Wellpath Editor (cont’d) 
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Above: Wellpath Editor (cont’d) 
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12 ¼” hole section 

Above: Hole section 

 

Above: String details 

 

Above: 12 ¼” BHA to scale, deviated 
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Above: 12 ¼” BHA not to scale, non-deviated 
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16” hole section 

 

Above: 16” hole summary 
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Above: BHA schematic- assembly 

 

Above: 16” full string 

 

 

 


