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Opening 

 

:ق ال تعالى  

﴾إِلاَّ أَنْ يَشَاءَ المَّهُ نَرْفَعُ دَرَجَاتٍ مَنْ نَشَاءُ وَفَوْقَ كُلِّ ذِي عِمْمٍ عَمِيمٌ  ﴿  

 صدق الله العظيم  

 ( 67يت ) ف الا سىسة يىس

 

 وسلم :الله عليه  يقال صل

قد جهل (فنه علم  أن ظن  إما دام يطلب العلم ف   ا  ) لا يزال المرء عالم  
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Abstract 

Bottom hole assembly (BHA) is a component of a drill string that used to drill oil and gas wells. 

A BHA resides in the drill string above the drill bit and below the drill pipe. The primary 

component of the BHA is the drill collar. Figure (1.1), shows the possible component of a BHA 

and their typical location within a BHA.  

In this project, the BHA Analysis model was used to analyze and simulate a well X by using 

Landmark-Wellplan software. BHA model has been modified into two different design 

configurations in order to determine the appropriate BHA model in terms of the resultant 

wellbore angle, direction change, and contact points or forces. 

The results showed that the original BHA configuration has the best inclination tendency when 

the drilling parameters i.e. WOB, RPM remain constant and the modified BHA – second 

scenario gives less contact between the drill string and the wellbore, which shows the effect of 

the number of stabilizers in BHA configuration. 
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 التجريد

ححذد يسبس عًهيت حفش انبئش حيث أَهب حعطي انىصٌ عهي انحبفشة يعذاث أسفم انبئش يٍ أهى يكىَبث عًىد انحفش وانخي حعخبش 

انًطهىة لإخخشاق انخكىيُبث انخحج سطحيت كًب أَهب ححذد يعذل انحفش. ويًكٍ حمهيم يشبكم انحفش انًخخهفت عٍ طشيك الإخخيبس 

 الأيثم نًعذاث أسفم انبئش.

 5.8بمطش  Xنبئش وانخي أسخخذيج نحفش انجضء الأسبسي نهبئش في هزا انبحث، حى إجشاء عًهيت ًَزجت أو يحبكبة نًعذاث أسفم ا

. حى إجشاء  حعذيم عهي انًعذاث انًسخخذيت عهي يشحهخيٍ  وحًج عًهيت Landmark-Wellplanبىصت بإسخخذاو بشَبيج 

ش، إحجبهه، انًُزجت بإسخخذاو َفس انبشَبيج نهحصىل عهي أفضم انًعذاث وانخي حعطي َخبئج جيذة يٍ حيث صاويت ييلاٌ انبئ

 ولىي أو َمبط انخلايس بيٍ عًىد انحفش وانبئش.

أظهشث انُخبئج أٌ يعذاث أسفم انبئش انخي أسخخذيج نحفش انجضء الأسبسي يٍ انبئش حعطي َخبئج جيذة يٍ َبحيت انحفبظ عهي 

. يعذاث أسفم انبئش انًعذنت صاويت ييلاٌ انبئش ورنك عُذيب حكىٌ انعىايم الأخشي يثم انىصٌ عهي انحبفشة ويعذل انذوساٌ ثببخت

انًشحهت انثبَيت يُخج عُهب ألم عذد يٍ َمبط انخلايس بيٍ عًىد انحفش وجذاس انبئش ويشجع رنك لإسخخذاو انًسخمشاث وانخي  –

 ظهش أَه كهًب صاد عذدهب كهًب لم عذد َمبط انخلايس بيٍ عًىد انحفش و جذاس انبئش وببنخبني حمم لىي انخلايس.
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Chapter One 

Introduction 

1.1 Definition: 

The bottom hole assembly is one of the most critical down hole drilling string 

components that determines the course of the drilling operation and it is efficiency. It 

provides the required weight on bit to penetrate the formations and enables directional 

drilling. BHA also affects the hole shape, direction, and it also plays an important role in 

determining the rate of penetration. Drilling problems are also minimized through BHA 

optimization. 

1.1.1 Purpose of Bottom Hole Assembly: 

The purpose of BHA is as follows: 

 Protect the drill pipe from excessive bending and torsional loads. 

 Control Direction and inclination in directional holes. 

 Drill more vertical holes. 

 Drill straighter holes. 

 Reduce severities of doglegs and keyseats. 

 Assure that casing can be run into a hole. 

 Increase drill bit performance. 

 Reduce rough drilling and vibrations. 

1.1.2 Types of Bottom Hole Assembly: 

 The Slick BHA: is composed only of drill collars. It is least expensive and perhaps 

carries the least risk in regard to fishing and recovery. 

 The Pendulum BHA: is designed to drill holes more vertically and to drop 

inclination in inclined holes.The application of a Pendulum assembly is that when the 

inclination has been increased beyond the intending trajectory and must be reduced to bring 

the well back on course 

 The Packed BHA: is designed to drill straight holes and to reduce the severities of 

doglegs and keyseats. It provides the highest assurance that casing can be run into a 
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hole. Packed assemblies do not maintain inclination angle; rather, they minimize angle build 

or drop. A packed BHA can be expensive and perhaps carries the highest risk in 

regard to fishing and recovery (Advanced Oil Well Drilling Engineering, Mitchell). 

 The Fulcrum BHA: This type of assembly is usually run in a directional well after 

the initial kick-off has been achieved using a deflection tool. A single stabilizer 

placed above the bit will cause building. The addition of further stabilizer(s) will 

modify the rate of build to match the required well trajectory (Drilling Engineering, 

Curtin University).  

 

Fig1.1: BHA Components (Advanced Oil Well Drilling Engineering, Mitchell). 
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Fig.1.2: Types of BHA (Drilling Engineering, Curtin University). 

1.2 Bottom Hole Assembly Components: 

The BHA is the portion of the drillstring that affects the trajectory of the bit and, 

consequently, of the wellbore. It is construction could be simple, having only a drill bit, 

collars, and drillpipe, or it may be complicated, having a drill bit, stabilizers, magnetic 

collar, telemetry unit, shock subs, collars, reamers, jars, crossover subs, heavy weight 

drillpipe (Applied Drilling Engineering, 1991). The physical properties of the various 

downhole components of the BHA have a significant effect on how the bit will drill. In 

most drilling situations, the bottom 100 to 300 [ft] of the bottom hole assembly has the 

greatest influence on its behavior. The construction of the bottom hole assembly can be 

as simple as consisting of a drill bit, collars, and drill pipe, or may be as complicated as 

including a drill bit, stabilizers, collars of different sizes and materials, heavy-weight drill 

pipe, drill pipe etc. (Drilling Engineering, Curtin University). 

1.2.1 Drill Collars: 

Drill collars are the predominant components of the bottom hole assembly. The primary 

function of the drill collars is to be able to apply weight to the bit without buckling the 

drill pipe. Since the collars are under compression, they will tend to bend under the 

applied load. The amount of bending will depend on the material and the dimensions of 
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the collar. The shape of the drill collar may have a circular or square cross section. A 

string of square collars provides good rigidity and wear resistance, but it is expensive, has 

high maintenance costs for certain conditions and may become stuck in key-seated dog-

leg. Typically, standard and spiral drill collars with external grooves cut into their profile 

may be used to reduce the contact area between the BHA and the formation. In deviated 

holes the total weight of the drill collars is not applied to the bit. Part of that weight is 

applied to the wall of the hole depending on the amount of deviation. The actual weight 

on bit is a function of cos α where α is the angle of inclination (Drilling Engineering, 

Curtin University). 

1.2.2 Drill Collars Profiles: 

1.2.2.1 Slick Drill Collar: 

As the name implies, slick drill collars have the same nominal outside diameter over the 

total length of the joint. These drill collars have the following profiles: 

 a slip recess for safety, and 

 an elevator recess for lifting. 

1.2.2.2 Spiral Drill Collars: 

Spiral drill collars are used primarily to reduce the risk of differential sticking. The 

spirals reduce the weight of drill collar and also reduce the contact area, which is 

proportional to sticking force, by about 50%. 

1.2.2.3 Square Drill Collars: 

These are used in special drilling situations to reduce deviations in crooked hole 

formations. They are used primarily due to their rigidity (Well Engineering and 

Construction, Rabia). 
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Fig.1.3: Drill Collars Profiles (Well Engineering and Construction, Rabia). 

1.2.3 Stabilizers: 

Stabilizers are fairly short subs with blades attached to the external surface. By providing 

support to the bottom hole assembly at certain points they can be used to control the 

trajectory of the well. Drilling straight or directional holes requires proper positioning of 

the stabilizers in the bottom hole assembly.  

It is important to note that the position of the first stabilizer and the clearance between the 

wall of the hole and the stabilizers has a considerable effect in controlling the hole 

trajectory. Stabilizers can be grouped into: 

 Rotating Blade Stabilizers, and  

 Non-rotation Blade Stabilizers.  

A rotating blade stabilizer can have a straight blade or spiral blade configuration. In 

either case the blades may be short or long. The spiral blades can give 360◦ contact with 

the bore hole. All rotating blades stabilizers have good reaming ability and good wear 
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life. Non rotating rubber sleeve stabilizers are used to centralize the drill collars, where 

the rubber sleeve allows the string to rotate while the sleeve remains stationary. Since the 

sleeve is stationary, it acts like a drill bushing and does not dig or damage the wall of the 

hole. It is most effective in hard formation (Drilling Engineering, Curtin University). 

 

Fig.1.4: Types of Stabilizers (Well Engineering and Construction, Rabia). 

 

1.2.4 Reamers: 

Roller reamers are used to replace near bit and string stabilizers in bottom hole 

assemblies where high torque and swelling or abrasive formations are encountered. 

Roller reamers can have either 3 or 6 cutter sets. Both near bit and string reamers are 

available. Consideration should be given to replacing the near bit and first string 

stabilizer with a roller reamer if high torque or severe gauge wear of stabilizers has been 

encountered. The standard configuration is to replace the near bit and first string 

stabilizer with a three point roller reamer. For severely abrasive formations or wear 

significant high torque is encountered a six point roller reamer may be used in place of 

the near bit stabilizer. 
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Fig.1.5: Types Roller Reamers (Well Engineering and Construction, Rabia). 

 

1.2.5 Drilling Jars: 

Jars provide a means of supplying powerful upward or downward blows to the stuck 

drillstring. A jar is a mandrel which slides within a sleeve. The free end of the mandrel is 

shaped in the form of a hammer to provide a striking action against the face of the anvil. 

Depending on the type of tripping mechanism, there are two basic types of jar: 

mechanical and hydraulic. 

1.2.5.1 Mechanical jars: 

Ithave a preset load that causes the jar to trip; hammer striking the anvil. They are thus 

sensitive to load being used and not to time. Mechanical jars are pre-set at surface. 

1.2.5.2 Hydraulic jars:  

It uses a hydraulic fluid to control the firing of the jar until the driller can apply the 

appropriate load to the string to give a high impact. This controlled action (delay) is 

provided by hydraulic fluid which is forced through a small port or series of jets. 

Hydraulic jar firing delay is dependent upon the combination of load and time. Hence 

hydraulic jars are adjustable according to down hole overpull. 
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1.2.5.3 Oil jars: 

 It provides means for applying upward blows to release a stuck pipe. 

1.2.5.4 Accelerators:  

It stores energy above the drill collars in order to increase the impact efficiency of oil 

jars. 

1.2.5.5 Bumper jars:  

It provides free travel to assist in engaging the fish and to allow downward blows to be 

transmitted to the fish and for releasing overshots downhole and at surface. 

Two phenomena have to be considered when jarring. These are the impact force and the 

impulse of the jarring action. The impact force must be high enough to break the binding 

force causing the pipe to stick. The impact force must also act long enough to move the 

pipe this is what is termed the impulse. Both forces are influenced by the number of drill 

collars located above the jar. The smaller the quantity of drill collars, the higher the 

impact force. Conversely the larger the number of drill collars the greater the impulse 

force. A compromise has to be reached where both impact and impulse are working 

together to free the pipe. 

The jars should be run in tension wherever possible. This is mandatory for mechanical 

jars. For hydraulic manufacturer’s state that they can be run in compression however this 

is not advisable as inadvertent cocking of the jar is possible with applied WOB. For 

vertical wells the amount of drill collars to be run below the jar should be the sufficient to 

allow the required bit weight and place the neutral point at least 30 feet away from the 

jar. 
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Fig.1.6: Types of Drilling Jars (Well Engineering and Construction, Rabia). 
 

1.3 Types of Bottom Hole Assembly:  

1.3.1 Building Assembly: 

This type of assembly is usually run in a directional well after the initial kick-off has been 

achieved using a deflection tool. A single stabilizer placed above the bit will cause 

building. The addition of further stabilizer(s) will modify the r ate of build to match the 

required well trajectory. If the near bit stabilizer becomes under-gauge, the side force r 

educes. The amount of weight on bit applied to these assemblies will also affect their 

building tendencies. Normally the higher the bit weight the higher the building tendency 

(Drilling Engineering, Curtin University). 

 

Fig.1.7: Building Assembly (Advanced Oil Well Drilling Engineering, Mitchell).  
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1.3.2 Holding Assembly: 

Once the inclination has been built to the required angle, the tangential section of the well 

is drilled using a holding assembly. Holding assemblies do not maintain inclination 

angle; rather, they minimize angle build or drop. Minimal tilt angle at the bit, as well as 

stiffness of the bottom hole assembly near the bit helps maintain inclination angle. 

Change in weight on bit does not affect the directional behavior of this type of assembly 

and so optimum weight on bit can be applied to achieve maximum penetration rates 

(Drilling Engineering, Curtin University). 

1.3.3 Dropping Assembly: 

The application of a dropping assembly is that when the inclination has been increased 

beyond the intending trajectory and must be reduced to bring the well back on course. 

Normally these BHA configurations are more effective in high angled holes. If the hole 

angle does not decrease, the weight on bit can be reduced with use of these assemblies, 

although this will also reduce the penetration rate (Drilling Engineering, Curtin 

University). 

 

Fig.1.8: Dropping Assembly (Advanced Oil Well Drilling Engineering, Mitchell). 

1.4 Statement of the Problem: 

The main issue in directional drilling is to control the direction of the borehole to 

conform to a predetermined trajectory. Undesirable deviations from the planned well-

path increase the drilling cost through the need for course corrections, and the added 

troubles associated with key seating, pipe sticking, and even side tracking due to lost tool. 
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The cause of undesirable hole deviation is still not well understood. Proper BHA design 

and optimization can be considered as the main factor affect the hole deviation. 

1.5 Objectives: 

The main objective of this project is to study, analyze and simulate the performance or 

behavior of BHA intended to be used to drill the main hole of the directional well X 

located in field Y. Then, in order to optimize BHA behavior, this BHA is modified, 

analyzed as well, and it is performance is predicted in order to find the most appropriate 

BHA to drill the main hole of this well. 

1.6 Methodology: 

This project work is broken down into the following: 

1- The performance of BHA intended to be used to drill the main hole of well X will be 

predicted using finite element technique (Landmark-Wellplan software). 

2- This BHA will be modified and it is behavior will be predicted again. This is done 

mainly in order to optimize BHA behavior. 

The modeling or simulation process of BHA intended to be used to drill the main hole of 

well X will be done using Landmark-Wellplan software.  
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Chapter two 

Literature Review&Theoretical Background  

2.1 Literature Review: 

Apparently, the earliest attempts at explaining·'the structural behavior of drill 

strings and Bottom Hole Assemblies, BHA's, in terms of beam mechanics and elastic 

bending theory dates back to the early work of Capelushnikov and Clark in the 1930's.  

Drilling mechanics did not, however, really come into its own as a discipline until the  

LubinskiandWoods: 

1950's whenLubinski and Woods in their pioneering work carried out buckling studies on 

rotary drill strings and addressed such questions as the factors affecting inclination and 

dog-legging in rotary boreholes and the use of stabilizers in controlling hole deviation. 

Huang, Dareing and Fischer:  

Initial efforts, such as the work of Huang and Dareingand Fischer to develop computer 

models of BHA's and drill strings were largely based on procedures such as the finite 

difference method which operates directly on the differential equations of bending of a 

structural model. Paralleling developments in advanced structural analysis occurring in 

other industries finite difference BHA models began, in the early 1970's, to evolve to 

more powerful potential energy or virtual work-based finite element models.  

Nicholson and Wolfson: 

The first applications of the finite element method in drilling mechanics can probably be 

attributed to- work undertaken initially by Nicholson and later by Wolfson at the 

University of Tulsa. Nicholson's study dealt with the finite element analysis of 

constrained BHA's in straight inclined wellbores using the penalty function method to 

define the wellbore boundary. Wolfson generalized these ideas to include curved 

wellbores in three dimensions. Following Nicholson and Wolfson's studies, Millheim, 

Jordan and Ritter went on to demonstrate the practicality of implementing a large, general 

purpose, nonlinear finite element code for routine BHA analysis. 
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Millheimand Apostal: 

were the first to implement complex three-dimensional dynamic models of a rotating 

BHA to study the effect BHA dynamics has on the trajectory of a bit. This work was 

instrumental in demonstrating that the intermittent contact and dynamic torque and 

friction effects associated with a rotating BHA were important factors in directional 

(especially azimuth) responses of a drilling BHA. Previously, these responses had been 

attributed to formation effects. More recent efforts in this area are represented by the 

studies of Mitchell and Allen and Birades.  

Dunayevsky, JudzisandMills: 

 implemented analytical models of the entire drill string (notjust the BHA) to investigate 

the onset of drill string precession in directional boreholes and the dynamic stability of 

drill strings under fluctuating weight on bit (Williams, 1989). 

2.2 Theoretical Background:  

2.2.1 The Principals: 

Forces acting on a Bit in an inclined hole (for a string rotating off bottom) .  

Available weight:  

W = w x L x BF x cos(θ)  

Where:  

θ is the hole inclination in degrees 

 W is the available weight of the DCs  

w is weight per unit length  

L is the length of DCs available  

BF is the buoyancy factor  

BF = 1-(mwt/65.5) (for ppg 
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Fig 2.1: available weight of the DCs 

 

2.2.2 BHA Side Force: 

BHA’s cause a side force at the bit that makes the bit build, drop or hold angle. 

 

Fig 2.2: BHA Side Force 

Available 
weight 
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2.2.3 Negative Side Force: 

Increased WOB results in a shorter tangent to bit distance this reduces the pendulum 

effect and increases bit tilt,  

Pendulum force with zero WOB:  

H = w x L x BF x sin(inc)/2 

Where: H is side force  

W is the weight of the DCs  

w is weight per unit length 

 L is the length of unsupported DCs below the Tangent  

BF is the buoyancy factor 

Pendulum force (negative side force)  

 

2.2.4 Positive Side Force: 

 With WOB we can induce Bit Tilt by moving the tangent closer to the bit and thus 

generate a Build Force (positive side force). 

 If the Build Force is great enough it will become greater than the pendulum force and an 

increase in hole angle will result. 

Increased WOB results in a shorter tangent to bit distance This reduces the pendulum 

effect and increases bit tilt, resulting in greater positive side force 

 

Fig 2.3: Positive Side Force 
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2.2.5 Single stabilizer effect: 

The effect of a single stabilizer changes with it’s proximity to the bit. As the distance 

reduces it’s effect goes from none, when the tangent is the same distance as if no 

stabilizer was run, to maximum build when it becomes a Near Bit Stabilizer. 

 

Fig 2.4: Single stabilizer effect 

2.2.6 Two stabilizers effect: 

With Two stabilizers, by controlling their relative position to the bit create almost any 

behavioral tendency that we require. The spacing in this example is twice that of the 

Tangent point from the first stabilizer, so there is no effect from the second stabilizer.  

 

Fig 2.5: Two stabilizers effect 
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Chapter Three 

Methodology 

3.1 Finite Element Analysis using Landmark-Wellplan: 

Wellplan is a component of Landmark software developed by Halliburton. 

Wellplan software is able to solve number of technical challenges such as ERD, slim hole 

drilling, deep water drilling, and environmentally sensitive drilling areas. Wellplan 

software can be used at the rig site and in the office to provide integration between 

engineering functions. It is used during the design and operational phases for drilling and 

well completion. This software allows the user to identify potential problems during the 

drilling and completion process in terms of wellbore design. Integrated technologies 

enables the user to study and evaluate BHA, torque and drag, stuck pipe, cementing, 

hydraulics and well kick scenarios. For this particular project the main focus will be on 

the T&D module. 

The BHA module was designed to predict the directional drilling performance of a 

bottom hole assembly. The module can provide an accurate representation of the forces 

acting on the assembly as it exists in the wellbore. This type of analysis can be useful for 

explaining unexpected performance or for determining the causes of tool failures. In 

addition, the module can solve a “drillahead” scenario to represent the expected behavior 

of the bottom hole assembly as it drills new hole. The Bottom Hole Assembly module 

analyzes a bottom hole assembly, BHA, in a static “in-place” condition or in a 

“drillahead” mode. 

Many different factors influence the behavior of a BHA including weight on bit, WOB, 

drillstring component size and placement, formation type and other factors. Because a 

BHA is composed of many different elements of varying dimensions, it lends itself quite 

well to the Finite Element Analysis, FEA, method. The FEA Method solves complex 

problems by breaking it into smaller problems. Each of the smaller problems can then 

solved much easier. The individual solutions to the smaller problems can be combined to 

solve the complex problem (Landmark Wellplan user manual, 2000). 
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3.1.1 Advantages of Bottom Hole Assembly Modeling: 

There are many times where the Bottom Hole Assembly module can be useful. Among 

these are:  

 Analyze the contact forces and displaced shape of a bottom hole assembly including 

the bit tilt, side forces, and wellbore contact points. 

 Study previous directional failures through analysis of contact forces on tools.  

 Predict the directional behavior (including build, walk, and drop) of a bottom hole 

assembly as it drills ahead through a specified interval. 

 Predict the transient effect when new assembly is run in hole. l Adjust operating 

parameters to affect bottom hole assembly performance. 

 Study effects of bent assemblies, collar size, stabilizer placement, eccentric 

stabilizers, stabilizer wear, hole enlargement, operating parameters for optimal 

performance.  

 Select proper bent sub to achieve desired build or drop rate.  

 Estimate the additional torque drawn from a motor due to lateral forces at bit.  

 Determine the downhole mechanism controlling the bottom hole assembly. 

 Determine the orientation of a bottomhole assembly (0 - 180 degrees left or right of 

high side) for achieving optimum performance in a well deflection scenario.  

 Compare a rotary versus steerable assembly performance for a given well trajectory 

analysis. 

 Optimize the design of a steerable system through modeling of number of bends and 

eccentric contact points in the bottom hole assembly. (Landmark Wellplan user 

manual, 2000). 

3.2Analysis Methodology: 

Three Fundamental Requirements of Structural Analysis The Finite Element Analysis 

(FEA) method used in the Bottom Hole Assembly module adheres to three basic 

conditions of structural analysis:  

• First, the internal forces must balance the external forces.  
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• Second, the solutions for each separate element must be compatible with the next 

element. This is necessary so that the deformed structure fits together. 

• Third, the laws of material behavior must be followed. Defining the Finite Element 

Mesh The first step completed during the analysis is to divide the drillstring into a 40 

element mesh. This 40 element mesh is divided into three sections, or “zones.” The total 

length of the mesh, the length of each zone, and the maximum length of each element in a 

zone can all be set by the user to create a coarser or finer mesh. The Bottom Hole 

Assembly module has preset defaults for the total length of the mesh, the lengths of the 

individual zones, and for the elements within the zones. It is recommended that the 

defaults be used unless the user is very familiar with Finite Element Analysis methods. 

The defaults for lengths of zones 1 and 2 are 500 and 2500 feet, respectively. The length 

of zone 3 varies depending on the remaining length of drillstring and the remaining 

number of available nodes. 

 The Aspect Ratios for zones 1, 2 and 3 default to 20, 100, and 500 respectively. The 

following example explains how Aspect Ratios Landmark WELLPLAN Bottom Hole 

Assembly determine element lengths. Assume there is an 8" collar in zone 1. The 

maximum element length in zone 1 for an 8" collar would be: 8" X 20 (default for Aspect 

Ratio 1) = 160" or 13.3 ft. An exception to this is in the bottom 12 feet of zone 1 where 

there is a 3-foot limit for element length. The 3-foot limit is included because the 

drillstring closest to the bit has a significant impact on the bottom hole assembly 

behavior. (Landmark Wellplan user manual, 2000). 

3.3Compute the Local Stiffness Matrix and the Global Stiffness Matrix:  

After the drillstring has been divided into elements, each element is closely examined in 

terms of geometrical and physical properties. The correct representation of geometrical 

and physical properties including component weight, dimensions, moment of inertia and 

modulus of elasticity is very important in order to accurately represent the component for 

the remaining analysis.  

The Bottom Hole Assembly module has a catalog containing much of the information, 

but it is important that the user carefully selects each component to model the drillstring 
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as closely as possible. The user should verify that all selected component properties 

accurately reflect the component. The local stiffness matrix K is an important piece of the 

analysis as it represents how rigid or bendable a component is. 

The individual element stiffness matrices are computed and combined to form the global 

stiffness matrix. This is a necessary step towards ensuring a complete solution for the 

entire bottom hole assembly, rather than a number of individual solutions for several 

elements. The global matrix is a necessary step towards satisfying the fundamental 

requirements of structural analysis mentioned earlier. 

The Bottom Hole Assembly module provides six default boundary conditions that can be 

selected for the top and bottom nodes. The Bottom Hole Assembly module’s system 

defaults do not apply boundary conditions to nodes between the top and bottom nodes. 

An experienced user familiar with FEA (and with assistance from Landmark) can define 

additional boundary conditions and can enforce boundary conditions at additional nodes. 

It is recommended that the defaults be used unless the user is familiar with finite element 

analysis methods. The following list defines the seven default boundary conditions 

selections available for the top and bottom nodes.  

 Full pin: All three translations are specified and rotations are free. 

 Full Fix: All three translations and rotations are specified.  

 Pin with Axial Slider: Two lateral translations (X, Y) are specified. Z translation is 

free, and all three rotations are specified.  

 Fix with Axial Slider: Two lateral translation (X, Y) are specified. Z translation is 

free, and all three rotations are specified. 

 Fix Axial: Two lateral translations (X, Y) are free. Z is specified, and X,Y, and Z 

rotations are free. 

 Fix Torsion: All three translations (X, Y, Z) are free, two rotations (X, Y) are free, 

and Z rotation is specified.  

 Fix Rotations: All three translations are free (X, Y, Z) and two lateral rotations (X, Y) 

are specified, and Z rotation is specified. (Landmark Wellplan user manual, 2000). 
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3.4 Constructing the Wellbore and Bottom Hole Assembly Reference 

Axis: Survey data and wellbore diameters are important pieces of information supplied 

by the user. The Bottom Hole Assembly module uses this information to construct the 

wellbore. Each survey data point supplied by the user is used to calculate location 

reference coordinates for each survey point of the wellbore using the survey calculation 

method supplied by the user. Next, the coordinates of the bottom hole assembly nodes are 

determined as if the bottom hole assembly is lying along the centerline of the wellbore, 

with the bit at the depth specified by the user.  

A bottom hole assembly reference axis (Z) is established by using the inclination and 

direction as interpolated at the bit location. The Z reference axis is tangent to the wellbore 

and points toward the surface. The X and Y reference axes are also established. The X 

axis points toward the surface (vertical) and theY-axis is parallel to the surface (lateral). 

Hole diameters are assumed to be constant over the interval specified by the user in the 

WELLPLAN Wellbore Editor. (Landmark Wellplan user manual, 2000).. 

3.5 Calculating the Solution: 

 Using the information from the previous steps of the analysis, the force/contact solution 

can be calculated. This is a complex, iterative procedure. First, the drillstring finite 

element model is laid out along the z-axis described above. Unless the wellbore is 

straight, the drillstring finite element model penetrates the wellbore described by the 

surveys.  

At this point, the program begins to determine the force acting between the wellbore and 

the drillstring. The boundary conditions are enforced on the nodes specified. All other 

nodes have no boundary conditions applied. The program determines where the 

drillstring has (theoretically) penetrated the wellbore and calculates the restoring force 

necessary to move the node back into the wellbore. If the node is already inside the 

wellbore, no force or displacements are applied to the node. These steps are repeated until 

the changes in displacements at all nodes fall below a set tolerance.  

The objective is to determine the forces necessary to move the nodes along the reference 

axis to the corresponding nodal position lying along the wellbore centerline. When this is 
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accomplished, the solution is considered complete. At this point, the axial forces, torque, 

stresses and coordinates (X, Y, and Z) of each node are known. (Landmark Wellplan user 

manual, 2000). 

3.6 Drillahead Solutions: 

The Bottom Hole Assembly module is capable of two analysis modes:  

 The static or “in-place” solution has been explained in the previous discussion. A 

static solution assumes the bit is stationary at the user specified depth. 

 The “drillahead” solution advances the bit depth, into a certain intervals, through the 

interval specified by the user. At each of these intervals, a static solution is 

performed. The drillahead solution assumes: 

• The bit will drill in the direction it is pointed. 

• The bit will cut sideways due to the presence of side forces generated in the inclination 

and direction axes.  

• The formation has isotropic rock properties. Although side cutting is affected by 

penetration rate, it is not entirely a function of the same parameters that affect penetration 

rate. Lateral penetration rates do not always vary with penetration rate. One reason for 

this can be attributed to the variety of bits available. Different bits have different side 

cutting abilities. (Landmark Wellplan user manual, 2000). 

3.7 Bit Coefficient: 

Bit coefficients indicate how efficient a bit will cut sideways. Values for bit 

coefficient range from 1 - 100. Note that a value of 0 indicates the bit does not cut 

sideways, and the wellbore trajectory will be based solely on bit tilt. The following 

table includes suggested bit coefficients for roller cone bits. Typically range for this 

type of bit is 20 - 80, with 20 used for soft formations, and 80 used for hard 

formations. 
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IADC  Series Bit Coefficient  

8 20-30 

3,7 30-40 

2.6 40-60 

1,4,5 60-80 

 

The values for fixed cutter bit coefficients are more difficult to determine from the 

IADC classification system. Cutter size, density, and placement impact the 

determination of bit coefficient. (Landmark Wellplan user manual, 2000). 

Fixed Cutter Bits Bit Coefficient  

Flat Faced Diamond 0-5 

Step profile / Small Cutters 10-20 

Bladed/Small Cutters 20-40 

Step Profile/Large Cutters 40-60 

Bladed/ Large Cutters 60-80 

 

 

3.8 Formation Hardness: 

Formation hardness is used to model the formations resistance to the bit side cutting 

capability. Formation hardness is a number between 0 and 60, with the larger 

numbers indicating the relative hardness of the formation. The table below correlates 

formation hardness to rate of penetration and formation description.  

(Landmark Wellplan user manual, 2000). 
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3.9 Bottom Hole Assembly Modeling: 

To model the bottom hole assembly, the following steps were taken into account: 

3.9.1 Analysis of the Existing Data: 

The analysis process involves reviewing of the available well and field data to understand 

and collect the data needed for the modeling process such as: 

 Field and wells surface and subsurface data. In addition to the target location data. 

 BHA and drillstring data for the well. 

 Well trajectory 

 Mud properties 

Then, the above data is loaded into the Landmark-Wellplan software in order to get 

the geometry of the wells and simulate or model the bottom hole assembly. 

(Landmark Wellplan user manual, 2000) 

3.9.2 Data Analysis into Landmark-Wellplan: 

The data entered into Landmark-Wellplan can be divided into two groups: 

 1- General data that can be used by all other modules. 

2- Specific data that can be used by the BHA module alone. 

Each of these groups is reviewed in details in the following paragraphs. 

 Wellbore Editor: 

Wellbore editor enables the user to input the wellbore information for casing and open 

hole such as Length, internal diameter, ID. The classification of each section type on the 

table sheet above has been followed up by Catalogue format divided by Nominal 

Diameter, Weight and Grade by API Casing/Tubing Catalogue database. 

The purpose of using this spread sheet is to define the wellbore profile and inner 

configuration of the well. Entering the hole section information from surface down to the 

bottom of the well. 
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 String Editor: 

String and BHA data can be inputted in the string editor. It includes the outer diameter, 

yield strength, torsional strength and weight. As we observe from the table above. We 

can distinguish that each item description belongs to the Drill pipe catalogue from API 

Drill Pipe database. On this example, each section type has been set mainly by Nominal 

diameter, Nominal Weight, Grade, Connection and Class. 

As mentioned previously, the main hole BHA configuration is modified in two different 

ways, as can be seen in figures below, in order to model, analyze and optimize the 

directional behavior of the BHA intended to drill the main hole section. 

 Survey Editor: 

In Survey editor, MD, Inclination and Azimuth are inserted. The TVD, dogleg, Vertical 

section is calculated automatically as the MD, Inclination and Azimuth data inserted. 

This table sheet attached above describe fully the well path data being input values (MD, 

Inclination and Azimuth), and the rest ones are the output results. It must be noticed that 

the values of the well path data, are for the planned well path not for the actual well path. 

Using the WellPath editor commands, allows the user to identify the main critical issues: 

 Vertical Section vs. Target Vertical Depth (TVD). 

 Plan View 

 Dogleg Severity(DLS) vs. Measured Depth(MD) 

  Inclination vs. Measured Depth 

  Azimuth vs. Measured Depth 

 Absolute Tortuosity vs. Measured Depth 

  Relative Tortuosity vs. Measured Depth 

 Fluid Editor: 

Fluid editor options enable the user to input the fluid used in the drilling such as: 

rheology properties, mud base and other mud properties.  

3.10 Bottom Hole Assembly Module Data: 
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As stated previously,The Bottom Hole Assembly module analyzes a bottom hole 

assembly, BHA, in a static “in-place” condition or in a “drillahead” mode. The following 

paragraphs include a detailed description of each of these two analysis modes and the 

data associated with each type. 

 Analyzing a Static Bottom Hole Assembly: 

Static, in-place, analysis of the bottom hole assembly can be useful in determining the 

contact forces and displaced shape of a bottom hole assembly, including bit tilt, side 

forces, and wellbore contact points. This may be helpful in analyzing previous directional 

failures through analysis of contact forces on tools.  

There are some parameters, Fig. 3.6, that need to be entered to perform the 

calculations. Drillahead check box is not marked at this time because we are 

analyzing the bottom hole assembly at the current depth. (Landmark Wellplan user 

manual, 2000). 

 Torque at Bit: 

Type the actual torque at the bit. Obtain typical bit torque values from the bit 

manufacturer. 

 Weight at Bit: 

Type the actual weight applied at the bit. Weight on bit is the compressive axial load that 

is applied to the formation by the bit face. It is the difference between the net weight of 

the entire drillstring and the resulting reduced weight when the bit is resting on bottom. 

 Rotary Speed: 

Type the rotating speed of the drillstring and bit once steady state conditions are reached. 

For rotary assemblies, type the rotating speed of the drillstring. For hydraulic motor 

assemblies where the drillpipe does not turn, type the rotating speed of the bit.  

Analyzing a Drillahead Bottom Hole Assembly: 

The drillahead box is checked to solve a “drillahead” scenario to represent the expected 

behavior of the bottom hole assembly as it drills new hole. The “drillahead” solution 
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advances the bit depth, in 5-foot intervals, through the drill interval specified below. At 

each of the 5-foot intervals, a static solution is performed. The drillahead solution 

assumes the following: 

 The bit will drill in the direction it is pointed.  

 The bit will cut sideways due to the presence of side forces generated in the 

inclination and direction axes.  

 The formation has isotropic rock properties. 

The additional parameters, Fig. 3.7, that need to be entered to solve for drillahead 

scenario are: 

 Steering Tool Orient: 

Steering tool orientation is the orientation of the steering tool (scribe line) relative to the 

high side of the hole, measured clockwise from the high side. The tool orientation is used 

in conjunction with the Tool Reference to determine the orientation of the bend, relative 

to the high side of the hole. To use this parameter,a steering tool must be present in the 

drillstring in order to enter a tool orientation.  

 Drill Interval: 

Drill interval is the total measured depth distance that the current bottom hole assembly 

will drill ahead. Usually, 100 to 200 feet is sufficient to determine the directional 

behavior of the bottom hole assembly. A minimum value of 100 feet is recommended. 

 Overgauge: 

Overgauge is the amount of washout expected as the bottom hole assembly is drilling. 

This effect can be modeled without having to change the hole size on the Wellbore 

Editor. 

 Record Interval: 

Record interval is the distance at which the survey points will be generated for the final 

output. 

 Bit Coefficient: 
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The bit coefficient is a number between 0 and 100 that indicates the efficiency at which a 

drill bit will cut sideways. The typical range for roller bits is 20-80, 80 being used for soft 

formation bits and 20 for hard formation bits. A bit coefficient of 0 means the bit does not 

cut sideways.  

 Formation Hardness: 

The formation hardness is a number between 0 and 60 which is used in the lateral ROP 

model to resist the bit side cutting capability. 

 Rate of Penetration: 

The rate of penetration is the speed at which the drillstring is drilling the hole. 

 

 

3.11 Bottom Hole Assembly Analysis Explanation: 

3.11.1 Static Bottom Hole Assembly: 

First the current position of the bottom hole assembly will be analyzed. We will 

investigate the position of the bottom hole assembly in the wellbore and we will 

determine the side forces acting on the bottom hole assembly where it is in contact 

with the wellbore. The results of the modelling process can be displayed in the 

following two forms: (Landmark Wellplan user manual, 2000). 

3.11.1.1 Plots: 

Two plots are available for analysis. The Displacement plot allows you to determine how 

the bottom hole assembly is lying in the wellbore. The Side Force plot tells you the side 

force acting on the bottom hole assembly as it lies in the wellbore. 

 Displacement Plot: 

It displays the displacement from the centerline versus distance from bit. Three measures 

of displacement are used:  
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 Inclination: the displacement of the analyzed portion of the drillstring from the 

wellbore centerline in the inclination plane. 

 Directional: the displacement of the analyzed portion of the drillstring from the 

wellbore centerline in the direction plane. 

 Clearance: the displacement of the analyzed portion of the drillstring from the 

wellbore centerline. 

 Side Force Plot: 

 This plot displays the calculated side force (at each node analyzed) versus distance from 

bit. This information is also displayed in table form in the BHA Forces section of the 

report. 

3.11.1.2 Reports: 

The BHA report contains information regarding the forces acting the bottom hole 

assembly and the resulting displacements. The BHA report provides information 

concerning the forces acting on each element and node as well. BHA report answers 

questions like: 

1- What is Happening at the Bit? 

2- What are the Forces Acting on the Bottom Hole Assembly? 

3- Where is the Bottom Hole Assembly Located in the Wellbore? 

4- What are the Stresses at Each Node? 

5- What is the Inclination and Azimuth of the Drillstring or Wellbore? 

3.11.2 Drillahead Bottom Hole assembly: 

The drillahead analysis is useful in the planning stages, as well as during the operational 

stages. Drillahead analysis can be used to predict the directional behavior of a bottom 

hole assembly during the planning stages. Drillahead analysis makes it possible to study 

the effects of various components, including bent assemblies, collar sizes, stabilizer 

placement, hole enlargement, and component wear. During well operations, drillahead 

analysis can be used to adjust operating parameters to optimize performance.  
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The drillahead analysis first performs the same analysis as in the static analysis. The 

program then drills ahead in 5-foot increments to predict the bottom hole assembly 

behavior over the user specified drillahead interval. Data is presented on the reports in 

increments specified by the user. 

The report generated for the drillahead analysis is similar to the static analysis except 

that information for a user specified drillahead interval is included. The results of the 

modelling process of drillahead scenario are the same as those available for the static 

analysis discusses previously. (Landmark Wellplan user manual, 2000). 
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Chapter Four  

BHA Analysis, Results and Discussion 

Bottom hole assembly (BHA) is a component of a drill string that used to drill oil 

and gas wells. A BHA resides in the drill string above the drill bit and below the drill 

pipe. 

4.1 Input Data into Landmark-Wellplan: 

The data entered into Landmark-Wellplan can be divided into two groups: 

 1- General data that can be used by all other modules. 

2- Specific data that can be used by the BHA module alone. 

Each of these groups is reviewed in details in the following paragraphs. 

4.1.1 Well X Data: 

4.1.1.1 General: 

In this section inputting the general well data such as origin N, E, azimuth, well depth 

MD and reference point is inputted.  

 

Fig.4.1: Well X General Data (Landmark-Wellplan). 
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4.1.1.2 String Editor: 

String and BHA data can be inputted in the string editor. It includes the outer diameter, 

yield strength, torsional strength and weight. 

. 

 

Fig.4.2: Well X Wellbore Editor (Landmark-Wellplan). 

 

Fig.4.3: Well X String Editor (Landmark-Wellplan) 
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Fig.4.4 Well X String Editor First scenario (Landmark-Wellplan). 

 

 

 

Fig.4.5: Well X String Editor Second Scenario (Landmark-Wellplan). 
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4.1.1.3 Well X Survey Editor: 

 

Fig.4.6: Well X Survey Editor (Landmark-Wellplan). 

4.1.1.4Wellbore Editor: 

Wellbore editor enables the user to input the wellbore information for casing and open 

hole such as Length, internal diameter, ID. The classification of each section type on the 

table sheet above has been followed up by Catalogue format divided by Nominal 

Diameter, Weight and Grade by API Casing/Tubing Catalogue database. 

The purpose of using this spread sheet is to define the wellbore profile and inner 

configuration of the well. Entering the hole section information from surface down to the 

bottom of the well. 
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Fig.4.7: Well X Wellbore Editor (Landmark-Wellplan). 

4.1.1.5 Fluid Editor: 

Fluid editor options enable the user to input the fluid used in the drilling such as: 

rheology properties, mud base and other mud properties.  

 

Fig.4.8: Well X Fluid Editor (Landmark-Wellplan). 
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4.1.1.6 Rotary Speed: 

Type the rotating speed of the drillstring and bit once steady state conditions are reached. 

For rotary assemblies, type the rotating speed of the drillstring. For hydraulic motor 

assemblies where the drillpipe does not turn, type the rotating speed of the bit.  

 

Fig. 4.9: Static BHA Condition Analysis (Landmark-Wellplan). 

4.2   8 ½ Main Hole Section BottomHole Assembly Analysis Results: 

4.2.1 Well X Description: 

As mentioned previously, the well X is a horizontal well located in field Y. The well start 

vertically with a kick off point of approximately 3048ft MD and a first build section from 

kick off point to 3386ft MD. From this depth the second build section starts to build the 

angle from 8.2º to 90º at 6780ft MD. Then a horizontal section starts from 6780ft MD to 

TD i.e. 7767ft MD. The following plots show the vertical section, inclination, azimuth 

and dog leg severity (DLS). 
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Fig.4.10: Well X Vertical Section (Landmark-Wellplan). 

As can be seen in Fig. 4.1, well X vertical section starts from approximately 3100 ft MD 

where the well start the first kick off and continue to increase. 

figure Bellow shows the Well X inclination. Start to increase from 3100 ft MD till reach 

the value of 90 degrees at 6200 ft MD. 

The figure 4.11 shows the Well X Azimuth. The figure indicates the change in well 

direction. It starts to increase from a value of 5.2 degrees at depth 3400 ft MD and 

continues to increase till reach 8.8 degrees at TD 

Well X inclination: 

 

Fig.4.11: Well X Inclination (Landmark-Wellplan). 
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Fig.4.12: Well X Azimuth (Landmark-Wellplan). 

 

 

Fig.4.13: Well X DLS (Landmark-Wellplan). 

The figures4.12 and 4.13 show the Well X DLS. The maximum value is approximately 

2.4 deg/100ft which is within the safe limit. 

4.2.2 Slick Bottom Hole Assembly Analysis: (No stabilizer in this BHA)   

4.2.2.1 Analyzing Static Bottom Hole Assembly: 

4.2.2.1.1 Displacement Plot: 

The Displacement Plot shows the displacement from the centerline versus distance from 

bit. Three measures of displacement are used: 
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Figure 4.14 shows the displacement plot during static mode analysis. Inclination curve 

lies in the negative portion of the plot which indicates that the inclination is toward the 

low side of the well. Direction curve can be considered constant with small changes 

between negative and positive portions of the plot which indicates small changes in 

direction from right side to the left side.  

Clearance curve shows the distance between the string and the well. It can be seen that 

near the bit the distance between string and well is small due to presence of large 

diameter components. The largest value for clearance is more than one inch at a distance 

of approximately 500 ft from the bit which is the distance between the well and the drill 

pipe. 

 

Fig.4.14: Well X 8 ½ Section Static Mode Displacement Plot (Landmark-Wellplan). 

 

4.2.2.1.2 Side Force:  

Fig.4.15 displays the calculated side force (at each node analyzed) versus distance from 

bit. Normally, the maximum side force is at the bit.  

Figure below shows side force during static condition. At distance 40ft from the bit the 

side force is approximately 1650 Lbf due to presence of large diameter components near 

the bit i.e. drill collars. Side force decrease between 100 and 450 ft from the bit due to 

presence of drill pipe and then start to increase again at 500 ft from the bit. 
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It should be noted that positive side force indicates building angle while negative side 

force indicates dropping angle. 

 

 

Fig.4.15: Well X 8 ½ Section Static Mode Side Force Plot (Landmark-Wellplan). 

 

4.2.2.1.3 Report: 

The BHA report contains information regarding the forces acting on the bottom hole 

assembly and the resulting displacements. The BHA report provides information 

concerning the forces acting on each element and node as well. 

BHA report consists of several parts or sections as following: 

 Survey points indicate the depth, inclination, direction, build, walk and DLS for 

various points along the wellbore. 

 BHA report includes a section that indicates the bit condition in both the inclination 

and direction planes. The positive and negative values have a certain meaning. 

Positive direction indicates the right direction while negative direction indicates the 

left direction. Positive inclination indicates the high side of the well while the 

negative inclination indicates the low side of the well. Positive side force indicates 

building angle while negative side force indicates dropping angle. 
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 BHA report also shows the forces acting on the bottom hole assembly. Force 

information is useful in determining where the bottom hole assembly is in contact 

with the wellbore along with the corresponding side force at the contact point, the 

contact points are normally at the large diameter parts of the string,. This can be 

helpful if an assembly is not building or dropping as expected. Perhaps there is no 

contact between stabilizers for a build assembly, or the contact point is not in the 

proper location. The BHA Forces information may also be useful in determining 

areas where casing wear may become a problem. 

 BHA report also shows the location of BHA in the wellbore or how the bottom hole 

assembly is lying in the wellbore. This information can also be gained from the 

displacement plot.  

 BHA report shows the resultant wellbore angle and direction change for the BHA. 

With reference to the following 81/2 main hole section static BHA report, the following 

notes can be drown out: 

In terms of contact points, there are 19 contact points within the lower 480 ft of the drill 

string between the drill string and the wellbore since there is no stabilizer in this BHA. 

In terms of the resultant angle,  

- The string inclination at the bit is 90.1 degrees. 

- The string inclination at distance 12 ft from the bit is 90.2 degrees. 

- The string inclination at distance 464 ft from the bit is 89.9 degrees. 

In terms of the contact forces, 

- The maximum contact force is at the bit and equals 1664 Ibf and this is due to the 

fact that there are no stabilizers in this BHA configuration that can reduce the 

contact forces at the bit. 

- At distance 34 ft from the bit i.e. at the end of drill collars, the contact force is 

1659 Ibf. 

- At distance 64 ft from the bit i.e. at the end of heavy weight drill pipe, the contact 

force is 1448 Ibf. 
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- At distance 480 ft from the bit i.e. within the drill pipe region, the contact force is 

1046 Ibf 

4.2.2.2 Analyzing Drill ahead Bottom Hole Assembly: 

Figure below shows displacement plot during drill ahead mode. Inclination Curve 

changes between negative and positive portions of the plot which indicate the inclination 

changes from low side to high side of the well during drilling using this BHA 

configuration. Change in direction curve between negative and positive portions of the 

plot indicate that the bit direction change from right direction to the left direction. 

Clearance curve is approximately constant except for the distance near the bit. 

 

Fig.4.16: Well X 8 ½ Section Drillahead Mode Displacement Plot (Landmark-

Wellplan). 

4.2.2.2.1Side Force Plot: 

The side force plot below shows side forces during drilling using this BHA configuration, 

drillahead mode, It can be noticed that the side forces are high compared to those 

obtained during static mode and this is may be due to the fact the BHA is drilling in this 

case and not static. 

At distance 70 ft from the bit the side force is high approximately 80000 Ibf. Side force 

decrease at distance 160 ft and 240 ft from the bit. The highest side force value is at 

distance 440 ft from the bit and equals more than 120000 Ibf. Side force is positive which 

indicates building angle. 
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Fig.4.17: Well X 8 ½ Section Drillahead Mode Side Force Plot (Landmark-

Wellplan). 

4.2.3 Case Study I 

 First Scenario:8 ½ Main Hole Section Bottom Hole Assembly 

Analysis.(One stabilizer - added near the bit). 

4.2.3.1 Analyzing Static Bottom Hole Assembly: 

4.2.3.1.1Displacement Plot: 

Figure below shows the displacement plot during static mode analysis for the modified 

BHA - first scenario. Inclination curve lies in the negative portion of the plot which 

indicates that the inclination is toward the low side of the well. Direction curve can be 

considered constant with small changes between negative and positive portions of the 

plot which indicates small changes in direction from right side to the left side.  

Clearance curve shows the distance between the string and the well. It can be seen that 

near the bit the distance between string and well is less than one inch. The largest value 

for clearance is more than one inch at a distance of approximately 130 ft from the bit 

which is the distance between the well and the drill pipe 
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Fig.4.18: Well X 8 ½ Section Static Mode Displacement Plot – First Scenario 

(Landmark-Wellplan). 

4.2.3.1.2Side Force Plot: 

Figure below shows side force during static condition for the modified BHA - first 

scenario. It can be noticed that the side force at the bit is not the largest value in this case 

and the largest value is at distance of 40ft from the bit, the side force is approximately 

more than 1400 Ibf due to the fact that one stabilizer is added near the bit and due to 

presence of large diameter components near the bit i.e. drill collars. Side forces continue 

to increase and reach the highest value at the end of each drill string component within 

the first 120 ft of the string. Side force decrease between 130 and 480 ft from the bit due 

to presence of drill pipe.  

Positive side force indicates building angle. 
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Fig.4.19: Well X 8 ½ Section Static Mode Side Force Plot – First Scenario 

(Landmark-Wellplan). 

4.2.3.1.3Report: 

With reference to the following 81/2 main hole section static BHA report, the following 

notes can be drown out: 

 In terms of contact points, there are 19 contact points within the lower 480 ft of the drill 

string between the drill string and the wellbore since there is near the bit stabilizer in this 

BHA. These contact points are different in location than those obtained from the previous 

BHA configuration. 

In terms of the resultant angle,  

- The string inclination at the bit is 90.1 degrees. 

- The string inclination at distance 10 ft from the bit is 90.3 degrees. 

- The string inclination at distance 481 ft from the bit is 90 degrees. 

In terms of the contact forces, 

- The contact force at the bit equals 1158 Ibf and it can be seen that it is not the 

maximum contact force in this case and this is due to the fact that there is near bit 

stabilizer in this BHA configuration that causes the contact forces at the bit to be 

reduced.  

- At distance 36 ft from the bit i.e. at the end of drill collars, the contact force is 

1495 Ibf. 
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- At distance 66 ft from the bit i.e. at the end of heavy weight drill pipe, the contact 

force is 1403 Ibf. 

- At distance 480 ft from the bit i.e. within the drill pipe region, the contact force is 

219 Ibf. 

It can be seen that the presence of the near bit stabilizer reduces the contact forces at 

the bit, drill collar, heavy weight drill pipe, and drill pipe. 

 

4.2.3.2 Analyzing Drill ahead Bottom Hole Assembly: 

4.2.3.2.1Displacement Plot: 

Figure below shows displacement plot during drill ahead mode for the modified BHA – 

first scenario. Inclination Curve changes between negative and positive portions of the 

plot which indicate the inclination changes from low side to high side of the well during 

drilling using this BHA configuration. Change in direction curve between negative and 

positive portions of the plot indicate that the bit direction change from right direction to 

the left direction. Clearance curve is approximately constant except for the distance near 

the bit and 250 ft from the bit. 

 

 

Fig.4.20: Well X 8 ½ Section Drillahead Mode Displacement Plot – First Scenario 

(Landmark-Wellplan). 
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4.2.3.2.2Side Force Plot: 

The side force plot below shows side forces during drilling using this BHA configuration, 

drillahead mode. It can be noticed that the side forces curve for drillahead mode is 

different in shape from static mode side force curve. 

At the bit, the side force is approximately 35000 Ibf and it is not the highest value due to 

presence of a near bit stabilizer. 30 ft from the bit i.e. at the drill collars the side force is 

more than 110000 Ibf. The highest side force value is at the drill pipe region 250 ft from 

the bit which is approximately equals to 195000 Ibf. 

It should be noted that the highest side force values in drillahead mode compared to static 

mode are due to the fact that the BHA is drilling i.e. dynamic condition. 

 

Fig.4.21: Well X 8 ½ Section Drillahead Mode Side Force Plot – First Scenario 

(Landmark-Wellplan). 

4.2.4 Case Study II 

Second Scenario:8 ½ Main Hole Section Bottom Hole Assembly 

Analysis. (Two stabilizers are added near the bit). 

4.2.4.1 Analyzing Static Bottom Hole Assembly: 

4.2.4.1.1Displacement Plot: 

Figure below shows the displacement plot during static mode analysis for the modified 

BHA - second scenario. Inclination curve lies in the negative portion of the plot which 

indicates that the inclination is toward the low side of the well. Direction curve can be 
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considered constant with small changes between negative and positive portions of the 

plot which indicates small changes in direction from right side to the left side.  

Clearance curve shows the distance between the string and the well. It can be seen that 

near the bit the distance between string and well is approximately one inch. The largest 

value for clearance is approximately 1.3 inch at a distance of approximately 410 ft from 

the bit which is the distance between the well and the drill pipe. 

 

 

Fig.4.22: Well X 8 ½ Section Static Mode Displacement Plot – Second Scenario 

(Landmark-Wellplan). 

4.2.4.1.2 Side Force Plot: 

Figure below shows side force during static condition for the modified BHA - second 

scenario. It can be noticed that the side force at the bit is not the largest value in this case 

the side force at the bit is approximately more than 1150 Ibf due to the fact that one 

stabilizer is added near the bit and another stabilizer is added between the drill collar and 

heavy weight drill pipe.  

The largest side force value is at distance of 75 ft from the bit heavy weight drill pipe 

region and equals to 1450 Ibf. Side forces are approximately constant between 140 and 

410 ft from the bit at 600 Ibf and continue to increase again at 430 ft from the bit.  

Positive side force indicates building angle. 
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Fig.4.23: Well X 8 ½ Section Static Mode Side Force Plot – Second Scenario 

(Landmark-Wellplan). 

4.2.4.1.2 Report: 

With reference to the following 81/2 main hole section static BHA report, the following 

notes can be drown out: 

In terms of contact points, there are 18 contact points within the lower 480 ft of the drill 

string between the drill string and the wellbore since there are two stabilizers in this BHA 

configuration. Presence of stabilizers causes the contact points number to decrease. 

In terms of the resultant angle,  

- The string inclination at the bit is 90.1 degrees. 

- The string inclination at distance 10 ft from the bit is 90.3 degrees. 

- The string inclination at distance 438 ft from the bit is 90 degrees. 

In terms of the contact forces, 

- The maximum contact force equals 1455 Ibf at distance 71 ft from the bit in the 

end of heavy weight drill pipe. It should be noted that the maximum contact force 

is not at the bit and this is due to the fact that there are two stabilizers in this BHA 

configuration that reduce the contact forces at the bit. The contact force at the bit 

equals 1145 Ibf. 

At distance 28 ft from the bit i.e. at the end of drill collars, the contact force is 

1022 Ibf. 
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- At distance 71 ft from the bit i.e. at the end of heavy weight drill pipe, the contact 

force is 1455 Ibf. 

- At distance 423 ft from the bit i.e. within the drill pipe region, the contact force is 

1055 Ibf. 

It can be clearly seen that the contact forces decrease due to presence of two stabilizers in 

this BHA configuration that cause the contact points between the drill string and BHA to 

decrease. 

4.2.4 .2 Analyzing Drill ahead Bottom Hole Assembly: 

4.2.4 .2.1 Displacement Plot: 

Figure below shows displacement plot during drillahead mode for the modified BHA – 

second scenario. Inclination Curve changes between negative and positive portions of the 

plot which indicate the inclination changes from low side to high side of the well during 

drilling using this BHA configuration. Change in direction curve between negative and 

positive portions of the plot indicate that the bit direction change from right direction to 

the left direction. Clearance curve is approximately constant except for the distance near 

the bit from 0 to 40 ft from the bit and 350 ft from the bit. 

 

Fig.4.24: Well X 8 ½ Section Drill ahead Mode Displacement Plot – Second Scenario 

(Landmark-Well plan). 
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4.2.4 .2.2 Side Force Plot: 

Figure below shows the side force plot during drilling using this BHA configuration, 

drillahead mode. 

At the bit, the side force is low compared to above cases. At the center of drill collars, i.e 

at distance equals 20 ft from the bit, the side force is more than 140000 Ibf and it is the 

highest value in this case. The side force continue to decrease between 40 ft to 340 ft and 

starts to rise again and reach the value of 135000 Ibf at distance 410 ft from the bit, i.e. at 

the drill pipe region. 

It should be noted that the highest side force values in drillahead mode compared to static 

mode are due to the fact that the BHA is drilling i.e. dynamic condition. 

 

 

Fig.4.25: Well X 8 ½ Section Drillahead Mode Side Force Plot – Second Scenario  

(Landmark-Wellplan). 
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4.2.5 Analysis Results for Studied cases:- 

4.2.5.1 Slick Bottom Hole Assembly Analysis: 

(No stabilizer in this   BHA):- 

Table.4.1: Slick Bottom Hole Assembly Analysis Results 

contact points 19point 

The string inclination at distance 12 ft from the bit 90.2 degree 

The maximum contact force is at the bit 1664 Ibf 

the contact force (At distance 480 ft from the bit) 1659 Ibf. 

the contact force (At distance 64 ft from the bit) 1448 Ibf. 

the contact force (At distance 480 ft from the bit) 1046 Ibf. 

 

4.2.5.2 First Design: (One stabilizer is added near the bit). 

Table.4.2: First Design (Bottom Hole Assembly Analysis Results) 

contact points 19point 

The string inclination at distance 10 ft from the bit 90.3 degree 

The contact force is at the bit 1158 Ibf 

the contact force (At distance 480 ft from the bit) 219 Ibf. 

the contact force (At distance 66 ft ft from the bit) 1403 Ibf. 

the maximumcontact force (At distance 36ft from 

the bit) 

1495 Ibf. 

 

 



 
53 

 

4.2.5.3 Second Design (: (Two stabilizers in this BHA configuration). 

Table.4.3: Second Design ( (Bottom Hole Assembly Analysis Results) 

contact points 18point 

The string inclination at distance 10 ft from the bit 90.3 degree 

The maximum contact force is at distance 71 ft 

from the bit in the end of heavy weight drill pip 

1455 Ibf 

The contact force at the bit equals 1145 Ibf. 

the contact force (At distance 28 ft from the bit) 1022 Ibf. 

the contact force (At distance 423 ft from the bit) 1055 Ibf. 
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Chapter Five 

Conclusion and Recommendations 

Through studies and analysis of BHA design with different cases using Finite Element 

Analysis (Landmark Tool) ,Trajectories that can hit the target have been obtained.  

5.1 Conclusion: 

 Using Finite Element Analysis Landmark to Simulate the behavior of Bottom Hole 

Assembly. 

 Landmark-Wellplan three dimensional BHA model has been used to simulate the 

behavior of the BHA used to drill the 81/2 main hole section of well X. 

 The same BHA has been modified and simulated using the same three dimensional 

BHA model. 

 A three dimensional BHA analysis computer program is necessary for determining 

the deviation tendencies (i.e. build/drop and walk) of BHAs in curved boreholes. 

 The deviation tendencies of BHAs are strongly affected by the existing curvature of 

the borehole. This is due to the natural tendency of the BHAs to return to a straight 

profile when they are placed in a curved borehole. 

 Based on the analysis results the following points can be drown out: 

- In terms of resultant angle, the three analyzed BHA configurations provide the 

same resultant angle but the original BHA used to drill 81/2 main hole section can 

be considered the best when the other factors such as WOB, RPM, and Torque 

remain constant. 

- In terms of contact points, the modified BHA – second scenario has the least 

contact points between the drill string and the wellbore and this due to the fact 

that there are two stabilizers that cause the contact points to be reduced. The other 

BHA’s has the same number of contact points i.e. 19 but with different locations. 

- In terms of contact forces, the contact force at the bit, drill collars, heavy weight 

drill pipe, and drill pipe decreases as the number of stabilizers in BHA 

configuration increases. For first BHA configuration, the maximum side force 

was at the bit but for the remaining BHA configurations the contact forces at the 
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bit and other parts of the string decrease in accordance with increasing number of 

stabilizers. 

5.2 Recommendations: 

Through the results and discussion obtained in this research, the following 

recommendations have been signed: 

1- Study other parameters effect such as Weight on Bit (WOB) and Rotation Per 

Minute (RPM). 

2- It is recommended to increase the number of stabilizers to reduce the contact points 

and therefore contact forces between drill string and wellbore. 

3- More data is required. 
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Appendix 

Appendix (A) 

1- Slick Bottom Hole Assembly Analysis: 

(No stabilizer in this   BHA):- 
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Appendix (B) 

          2-First Design: (One stabilizer is added near the bit). 
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Appendix (C) 

3- Second Design:( Two stabilizers in this BHA configuration). 
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