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ABSTRACT

EFFECTS OF THE FORMATION TO THE ORIENTATION OF THE
DIRECTIONAL WELLS IN THE ADIYAMAN REGION

rnl ¢, Ahmet
Master of SciengdPetroleum and Natural Gas Engineering
Supervisor: Prof. DiMustafaT anj u Mehmet oj | u

June 2020114 pages

Directional drilling is controlling thénclination and azimutlof awellbore to reach

a predetermined underground target and is a method used widely nowitzgs.

are various methoddor directional drilling operationsuch as Mud Motor &
Measurement While Drilling System (MWD) or Rotary Steerable System to reach
the tagets.Within the scope of this study, Mud Motor aMiVD were used to
change orientation of the hoM/hile drilling with mud motor, directional drillers
(DD) make sliding drilling which means that DD drill with a mud motor rotating the
bit downhole withotirotating thedrill string from the surface with using Tefadce
which is taken from MWD system. Controlling hole orientation is important to drill
smooth wells, to follow the plan with low tortuosity, to hit the target and to finish
the well early. Sevat studies have been performed to investigate the parameters that
affects the hole orientations. Ti&ctorsaffecing the orientationof the hole are
weight on bit (WOB), bottom hole assembly (BHA), hole size, rotary speed (RPM),
flow rate (GPM), stabiliers position on thedrill string, drilling bit and stabilizers
gauge In addition to all of these parametgorientation of the wells &so affected

from the formation properties

This study detailed the effects of the formations to the orientatithredatirectional

well s in the Adeya mathefiékdedgta.Bven ifuhe same t h e

h



parameters (WOB: 1Q1 tones, flow rate: 450 gpm, RPM:40) are applied and the

same equipments8/ 80 of outer di a3ned@®rofs | ewtver sdiadme
integral blade stabilizer, equal length of drill collars, roller cone drilling bit) are used

inseven different well s to drthdordeticaB. 506 (0. 2
expectationsvith respect tahe orientationmay not be obtainedue to the formizon

effects To see this effeciNorth/South and East/West deviations were calculated

according to the wellhead location with the real and the calc.datedy data. Real

survey datavere taken from the wells for every 30 m interval with the help of the

MWD system. Moreover, data used for theoretical deviation calculation were

obtained with using the output déeg of the Mud Motor. The differences between

real and calculated resuiBowthe effect of the formation to the orientatamd this

gives us achance to sei there is a trend or not betwettre wells when respective

results are compared

As a resultof this study, it wabserved that there is a trend in the effect of the
formation onthe orientation inthe Ad € y a ma n THe edgectiom and #n
deviation of the wells chander different wells although the formation has the same
lithology. Moreoverthe results show that wharwell is drilled in acertain wellhead
location in this rgion, thedirection doesiot change frontop tothe bottom of the

section.

Keywor ds: Directional Drilling, Formati on A
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ADI YAMAN B¥LGESKNDE Y¥NL! KUYULARDA FOR
Y¥NELKME ETKKSK

Fnl ¢, Ahmet
Y¢ ksek,Peitsraons Graez DM¢haelndi s i ] i
Tez Y°net i MustiaT a Pjrwio f Me Dmet o] | u

Haziran 2020114 sayfa

Y°nl ¢ sondaj belirl enmik bir hedefe wul at
ayarl anmasé i-in g¢negmgzde yaygén ol arak
operasyonl aréeénda hedefe ul ak mak i -in sor
séraséenda °Il-¢m si st emi (measur ement w h
séraseéenda y°nl endirilebilen (rotary St e
kull anél makt achenda Busdredajkamestaor u & s onc
Si st emi kuyu y°n¢gng¢g dejiktirmek i -in kul |
mud motor ile y°nl ¢ sondaj yaparken kay

masaséndan rotasyon versmedemi nalrecha jg ed &ma
y°n¢égne¢g kull anarak sadece nmotashnverdniesiie i | e vy
yapél an sondaj ranlDgeégean ghbeil rmekkazyelabk k a z ma k |
Kekilde kuyu planéné takip etmek mehkedef i
kuyunun y°n¢gn¢g kontrol etmek ©°nemlidir.
incelemek i1 -in bir-ok =-alékma yapeél méxkt é
sondaj di zi si di zayne, kuyu -apé, rotasy
pozi syonu, mat kap ve dengel eyicinin -ap

kuyunun y°nelimi formasyon °zelliklerind:d
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Bu -alékmada saha datalaré kullanél arak for

kuyul aréme yénlkil sméldred mtfydamkdé ®RIgwmia 8. 50

-apenda sondaj yapeéelérken ayndlpaoamebkeéeker
h 450 gpm, dad#ko)wpldskvaynet aky-pmadadbari (8

pénda mankon-BU4dadenagnetéeagyraacli , bé7- akl € dengel
n

(o]

(o]

z

N Q (]l

uzunl ukta sondaj di zi si eki pmaneé, koni | i S0
i -1in de¢kengl en teorik sonu-|lara formasyonu
garantilenemeBu et ki yi g°rmek i -ény°Keteyl 6gneger b
°l -¢m dejerlleanare de] erd seapeferaparlee nlauplt b ak €
hesapl anméxkt eéer . Ger-ek °1 -¢m dejerleri 30 m
Si st emi yardeméeyl a al enméexteér . Seedmaanén teo

dejerler sondaj mot orunun Kkeskilmi.d®hgk a-=¢€

Ger-ek ve hesaplanmék dejerler araséndaki f
birbiri il e kéyasbawnaeodhkiuepk uoylunhaadré j &@mas €g ° Iy imre
olanak veir.

Bu -al ékmahanagkonéhAdeyaman b°l gesinde for mas
biret ki si ol duj U ogamatsayroméknt éaryné | i tol ojiye s
kuyul arén y°n ve y°nel i mi Bukauilgve dlarak, kuyuya d

Adéyamamdebéiirdas bir noktdeddeeayapel @an $Sardagdar

sonuna kaday °¢nn eheejdii ] i gzl enmi ktir

Anahtar Kelimeler: Y°nlg¢ Sondaj, Y°neli me F
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CHAPTER 1

INTRODUCTION

The increasing demand for energy leads to the extraction of hydrocarbons from
smaller reservoirs for increasing production. To reacfalls reservoirs and to
increase production with increasing contact length between production tube and
reservoir is not an easy task. Directional drilling represents itself as an efficient way
to increase the contact length for this kind of purpose. Moreossrface
construction of drilling can be minimized while drilling to the different reservoirs.

In addition one can drill from one location to separate reservoirs. Even though the
cost of directional drilling is higher, it reduces the spending for thefaze

construction.

From past to present, directional drilling is carried out using different techniques.
These are intelligent and complex technologies like mud motor with measurement
while drilling (MWD) system, reatime multi survey measurement, usage
steerable assemblies, logging while drilling (LWD) and older techniques like

whipstocks, rotary assemblies and jett{riglliburton, 1997)

According to the Turkish Petroleu@orporation 2013 annual repgitPAO, 2013)

25 % of the total oil production of Tur ki
drillings in the Adéeyaman ReThénamberlofave i n¢
directional dri | | i ngalsoincregsddao gét hérg atpnan Re g

drill smooth wells, to follow thelan with low tortuosity, to reactie target and to

finish the wellin a short time

There are many studies about faetorswhich affect the hole orientation while
drilling. These factorsaare weight onthe bit, bottom holeassembly, hole size
formation,rotary speedflow rate stabilizes position on thelrill string, drilling bit

and stabilizers gauge



According to Lubinski and Wood¢Lubinski & Woods, 1953)when drilling
operation isin uniform formation the incliration and dodeg do not change
however it is hardto find uniformformations while drilling When they compare
the parameters affecting the hole deviation, foend outthatformationisthe main
parametemffecting thehole orieriation. According toBoualleg, Sellami, Menand
Simonit is mentioned that side forces that change the direction of the bit, can be
generated while passing from hard to soft or soft to hard formafidrey.have a
studyin which the changes irthe inclination have been detaileth isotropic and
anisotropic formations. They observed that the inclination changes equdtlg in
isotropic formations while it does not change at a certaininatbe anisotropic
formation Moreover,according to their stly, the dip angle is more sensitive to the
weight onthe bit (Boualleg, Sellami, Menand, & Simon, 20085 seen in these
studiesdrilling a directional well faces veuschallengesFormation properties are
also accepted athe main challengeby the directional drillerdecause it is not

controlled by the drillers.

The effect of the formation to the orientation of the directional wells has been
investigated for the(Ad e yaman Re gi o due tois intpdrtanse it hesi s
directional drillingas mentioned abovd. h e A d é pgoomwans pafcularly

choosen since has important oil reserves in Turkey

To see the effect of the formatiathe North/South andhe East/\\est orientations
have been calculated for two different inclination, azimuth vadwesrding to the
distances from wellhead locatioBnecomes frommeasurement whilthe drilling
system which is acceptexs thereal values anthe other comes from calcations
done withthelength of the slidinghat affects the output ddgg of mud motoand
tool-face of the bitThe differences betwedhereal andthe calculated resultgive
usthe effect of he formation to the orientatipthusthe repective resuft coming

from this difference pernstusto sedf there is agndencyor not between theells.

In the Literature Rviewpart definition, history, application and types of directional

drilling, survey calculation methodstudies done before about facttinat affect the



orientationof directional well borehole have been investigated and formation has
been researched deeply for the Adéyaman |
the aim and necessity of this thesis have been detailed. In Materials and Methods,

how to make directioal drilling and which equipment should be used have been

expl ained. Data obtained from the Adéyam
to see the effect of formation on theentationof wellbore in the directional wells

in the Result and Discussian this thesis. At the end of this thesis, Conclusianes

located.






CHAPTER 2

LITERATURE REVIEW

2.1  Definition of Directional Drilling

The definition of directional drilling is following a path created from the starting
coordinate to the target whose location isieny lateral distance, direction and
deviation from the vertical. It is mostly applied in petroleum, natural gas and
geothermal fields nowadays. The importance of directional drilling increases day by
day.

2.2 History of Directional Drilling

The first directimal well has been observed in Seminole, Oklahoma field. At that
date, many wells have been drilled in that region and all were very close to each
other. It was noticed that they have encountered the producing formation at different

measured depths. As atsequence, it was thought that these wells were not vertical.

I n 19206s tools used to measure inclinati
were measured in Seminol e, 46Miectiohal i ncl i n
Drilling- Chapter 122007). I n 193006s first directional

in Huntington Beach, CalifornigDirectional Drilling- Chapter 121996. The first
downhole motor to give direction was designed in 1958. The first tool to neeasur
drift, direction and toeface was designed in 1969, IADC Drilling Many#&ig,
2015. At present time, RSS (rotary steerable system) is mostly used to drill
directionally with continuous rotation. It eliminates sliding while giving direction
(Oilfield Glossary, 2019)



2.3 Application of Directional Drilling

Directional drilling is applied in drilling fields for different applications. All

applications are detailed below.

2.3.1 Multiple Wells from an Artificial Structure

This technique is applied mostly in offshore drillingsaen in Figure.2. Drilling

a single wdl from an individual platform is uneconomical and thcensuming.
Therefore, using a single structure to drill multiple wells is possible thanks to the
directional drilling.

Figure2.1. Multiple Wells from an Atrtificial Stucture (Baker & Hughes INTEQ Inc, 1995)

2.3.2 Relief Well Drilling

When the reservoir pressure is higher than the hydrostatic pressure created by the
drilling fluid weight, sometimes blowut (the uncontrollable release of oil and/or
gas from the drilling wellscan occur. After all methods and systems have failed to

prevent and to stop blowout, relief well can be drilled to stop it, as seen in Figure



2.2. The plan to drill relief well is made to hit the uncontrolled well. Heavy drilling

fluid is pumped into welto overcome the pressure to bring the well under control.

Figure2.2. Relief Well Drilling (Baker & Hughes INTEQ Inc., 1995)

2.3.3 Straight Hole Drilling

When drilling companies want to drill a straight hole, they need to takeffom
directional drilling equipment and personné&he deviation of hole is affected by
many reasons aréetailed in this thesis. Straight haleen in Figure .3 is drilled to
avoid crossing lease lines and to stay within the place determined ioritract
(Baker & Hughes INTEQ Inc., 1995)

LEASE LINE

Figure2.3. Straight Hole Drilling (Directional DrillingChapter 12, 2007)



234 Drilling at Inaccessible Location

When the surface location is not suitable to drill directly, directional drilling is used
to reach target which is located underesevtopographic features such as towns,

rivers, mountains, etas shown in Figure.2 (Devereux, 1998)

i
e

Figure2.4. Drilling at Inaccessible Location

2.3.5 Drilling a Multiple Well from a Single Wellbore

This application is generally used for exploration wells. After the first well is closed,
the second well is drilled to explore different regiofsgure 25 shows this

application.

Figure2.5. Drilling a Multiple Well from a Singt Wellbore (Smith, 1996)



2.3.6 Side Track Drilling

Sidetrack operation is one of the directional drilling applications. When the well has
an obstruction such as fish, we need to drill a new well to reach predetermined target
using digged wellbore ae fish. Tke following Figure 2 shows the sidetrack
drilling.

Figure2.6. Side Track Drilling (Baker & Hughes INTEQ Inc., 1995)

2.3.7 Fault Drilling

Faults have very sharp inclined formations, therefore drilling faults vertically is risky
and hard. Directional drilling is used to eliminaitks created by faults. Figurer2

shows how the fault is drilled.

Figure2.7. Fault Drilling (Baker & Hughes INTEQ Inc., 1995)



2.3.8 Salt Dome Dirilling

Drilling salt dome crates drilling problems such as breaking off drill string, caving
off formation, etc. Directional drilling is used to overcome this kind of problems.
Instead of salt formation, the well is drilled at one side of the dome to reach reservoirs

captured underadt dome.

2.3.9 Horizontal Drilling

When inclination of the well i's higher thai
purpose of the horizontal well is to penetrate reservoir longer to increase production
and to avoid encountering wateif contact in a shotime. Figure 2 describes the

horizontal drilling.

Figure2.8. Horizontal Drilling (Directional Drilling Chapter 12, 2007)

2.4  Types of Directional Drilling Design

Directional drilling plans involve thredimensional designethniques. Although

many complex plans can be created on the table, it is generally hard to drill these
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paths in the field. Therefore, three types of well plans are used com(Baikigr &
Hughes INTEQ Inc., 1995igure 2.9, Figure 2.10 and Figurd 2 show the types

of the directional drilling designs.

24.1

Build and Hold Design

The meaning of build is to increase the inclination of the wellbore. The meaning of

hold is to keep the inclination and azimuth of the wellbore. In this type of pattern, a

directional driller increases the inclination in the desired directimen keep the

inclination and azimuth to hit the target. This pattern is generally applied for

moderate and deep wells with moderate and large horizontal displacement.
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Figure2.9. Build and Hold Pattern of Well

11

Lo

1500

Lol

2000



2.4.2 S Type Design

S type well includes build, hold and dropping section. The meaning of build and hold
has been previously explained. The meaning of drop is decreasing the inclination in
the desired direction. This pattern is applied for deep holes with small horizontal
displacement and also to drill multiple pay zones. This design has some problems

like high torque and drag and creates more risk ofdeafing.
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Figure2.10. S Type Design

2.4.3 Deep Kickoff and Build Design

Before increasing ifimation in the desired direction, the well is drilled vertically to
a certain depth. After that, inclination is increased to reach the target. This design is
generally used for salt dome drillifBaker & Hughes INTEQ Inc., 1995)
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Figure2.11. Deep Kickoff and Build Design

2.5 Terminology Used in Directional Drilling

There are different terminologies used in the directional drilling to understand the
direction, trajectory and design of the wellbore. The terminologies mainly used are
listed belowCooper, 2006)

1 Inclination: The angle between viedl line below the surface location of the
drilling rig and the tangent line at a position in a wellbore. Inclination is
expressed in degrees. In the field, there are some methods to measure inclination
such as measurement while drilling accelerometetggiroscopes.

1 Azimuth: The angle between the vertical projection of well on a horizontal plane
and the true north or magnetic north. Azimuth is measured clockwise from the

northas seen in Figure 2.12
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Figure2.12. Azimuth Direction(Cooper, 2006)

Grid North: It is the directio of the north along the grid lines of a map projection
Magnetic North: It is the direction of the north along the north magnetic pole
True North: It is the direction between gird north and magnetic north.

Magnetic Declination: The angle between magnetitmand true north.

Grid Convergence: The inclination between grid north and true north.

Build Angle (BR): It is the change of inclination increase with depth; it is
expressed in A/ 30 m or A / 100 ft.
Dogleg Severity (DLS): Itis the change of inclimettiand azimuth of a borehole;

it is expressed in A / 30 m or A / 100 ft.
Hold (Tangent): The meaning of hold is keeping inclination and azimuth of the
wellbore.

Horizontal Displacement: It is a distance between two points which are projected
on a horizordl plane.

True Vertical Depth (TVD): It is the vertical depth of a borehole.

Measured Depth (MD): It is the actual length from a surface location to the end

of the wellbore.
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1 Kickoff Point (KOP): The first depth on the wellbore where inclination is
increasd purposely.

1 Course Length: It is the difference between measured depths of two stations on
the wellbore.

1 Departure: It is a horizontal displacement of one station from another station in
an east or west direction.
Survey: Itis the result of inclinatiomd azimuth at a determined measured depth.
Revolution Per Minute (RPM): It is the number of turning of drill string in a
minute while drilling.
Weight on Bit (WOB): It is applied weight to the bit while drilling operations.
Flow Rate: It is the flow pumpedto the wellbore to clean hole and to keep hole

under stable position.

2.6  Survey Calculation Methods

There are several survey calculation methods to obtain TVD, north/south tendency
and east/west tendency. Four of them are commonly used in directiondiarsera
These are average angle, tangential, radius of curvature, and minimum curvature

methodgFarah, 2013) Terms listed below are used for the calculations.

eoMD: Measured depth between two survey
I 1: l nclination at the upper survey (A)
| 2: Il nclination at |l ower survey (A)

Al: Azimuth at the upper survey (A)
A2: Azimuth at the | ower survey (A)
RF: Ratio factor

Nort h: North / South tendency ( m)
pPEast: East |/ West tendency ( m)

15



TVD: Vertical |l ength between two

2.6.1 Average Angle Method

Average angle method has very basic trigopnometric calculations; therefore it is not a
totally reliable method Gk r j anc & Eduatbnis 2.1, 2.2a0dR6re used

to calculate north deviation, east deviation and true vertical depth, respectively.

V.1 OO $ OE+— Al 6— (2.1)
YHAO®- $ OEF— OE+— (2.2)
YA6$ Y- $ Al 6— (2.3)

2.6.2 Tangential Method

This method usesnly inclination and azimuth values at lower survey. The wellbore
is assumed straight line. Therefore, this method is the least reliable nje@Gédr j a n ¢
& Vul i [EquatisP.82)5 and 2 are used to calculate north deviation, east

deviation and true vertical depth, respectively.

Y. T O0¥ $ OE)¢ Al 10¢ (2.4)
YAO® $ OE)i¢ OElN¢ (2.5)
YA6$ Y- $ Al )¢ (2.6)
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2.6.3 Radius of Curvature Method

This method uses the inclination and azimuth values from the lower and upper survey
stations. Two survey stations are located on the cylinder and the axis of it is vertical

and this method has a radius equal to the radius of curvature in the horizontal plane.

In this method, TVD is not affected by changes in azimuth. This method is more
reliable than the tangential and average angle metha@k r j anc &. Vul i |,

Equations 2.7, 2.8 and@are used to calculate north deviation, east deviation and
true vertical depthrespectively.

V. | 00k (2.7)
YA O (2.8)
Vae s (2.9)

2.6.4 Minimum Curvature Method

Minimum curvature method creates a circular arc between the lower and upper
survey stations instead of a straight lihe.calculate the length of arc, RF is used as

a dogleg scale factor. This method is the most reliable method to make calculations
in the directional drillingd Gk r j anc & Eduatibnis2(10, 2.2102118, .13

and 214 are used to calculate north deviation, east deviation and true vertical depth,

respectively.
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V.7 00— OE)jip Al10p OE)ic Ai10c 2& (210)

Y%A OB— OE)ip OFElp OEic OElc 2& (211

vaes l— AiYp AiYc 2& (2.12)

AT[O AiYc) p OE)p OEi¢ p Aildc ! p
(2.13)

2& - OA{ (2.14)
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2.7 Parameters EffectingOrientation of Wellbore

In this chapter, the studies dgmeviouslyaboutthe factorsaffecting theorientation
of directional well boreholes have been invesgdaand the formation othe

Adéyaman region has been given as menti o

Dogleg severity is the change of inclination and azimuth within the specific
measured depth as mentioned in terminology. Therefore, parameters affecting dog
leg also affect therientaton in directional well. Gharip and Kirkhope investigated

the effects of weight obit , stabilizers clearance, borehole enlargement, type of
bottom hole assembly (BHA) and weight on bit (WOB) effect in their s{Gdivarib

& Kirkhope, 2017) According to their study, there is a new approach about the
modeling of dogeg severity (DLS) while drilling a well directionally. This is called

a ThreePoint Contact method. Mud Motor manufacturers give aatpgapacity of
motors neglecting effects such as weight on bit, stabilizer and borehole contact. The

conventional Thre€oint Contact method is shown in Figure3.1

Figure2.13. Conventional Thre®oint Catact Method (Gharib & Kirkhope, 2017)
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In this figure, there are three points which are point A (bit), point B (Bending point
on Mud motor) and Point C (integral blade stabilizer above mud motor). According
to Karlsson, Brassfield and Krueger, Equatiori$2and 2.16Gre used to calculate
the dogleg severity seen in Figure 2.1&arlsson, Brassfield, & Krueger, 1985)

These formulas are as follows.

" (2.15)

$, 3 — (2.16

R is a radius of curvature (ft)(1 m=3.28 ft), AB is a aimte from bit to bend of mud

motor (ft)(1 m=3.28 ft), BC is a distance from bend of mud motor to stabilizer above

of motor(ft)(1 m=3.28 ft), U is a bend angl
drilling operations and oDLY A/s30a nogl eg sev
Up to this point, weight on bit, hole clearance, type of bottom hole assembly (BHA)

have been neglected. However, these parameters affect thegdegyerity; when

the dogleg severity changes, the direction and deviation of wellbore alsgehmn

this article, these effects have been detailed. Bottom hole assembly classification

depends on number of stabilizers and location of them. If one does not use mud motor

any stabilizers on the bottom hole assembly, the BHA is defined as slick BHA.

Threepoint contact method does not work well at this condition. To evaluate the

behavior of BHA, one need to consider the first the stabilizer located above mud

motor and sleeve stabilizers on mud motor. If there is no stabilizer above mud motor,

the third point to withstand is not certain. According to Karlsson and Brassfield,

bending effect created by weight on bit affects the direction as increasing inclination

or decreasing inclinatio(Karlsson et al., 1985)Figure 2.14shows the effect of

weight on bit.
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Figure2.14. Bending Effect (Karlsson et al., 1985)

In Figure 2.14WOB is the weight on bit applied while drilling,3A6 side load, M

is moment, k is the length from the first stabilizer to the second stabilizer on the

bottom hole assembly. Looking closétythis figure, one can say that when WOB

increases, inclination tends to increase. Karlsson and Brassfield have studied the
cases where there is a stabilizer above mud motor or not in their study. If stabilizer

gauge is full gage (equal to hole size), diag affects dodeg lesgKarlsson et al.,

1985) Moreover,hole enlargement has a slight effect on the three contact point
method. When the hole diameter is bigger than the bit diameter, clearance between
stabilizers and hole wall increases. This causes more bending on motors and effects
inclination.

Marchand andalantari investigated build rate estimation in their st(Mgrchand

& Kalantari, 2013) Build rate is the change in inclination asemtioned in

terminology. They compared a simple build rate estimation method and the
industryodés standard method. I n other wor
rate which are the bit tendency method as a simple build rate estimation and three

pont geometry method as an industrybds steé

compared them, they found that bit tendency method is more reliable than the three
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point geometry because the thymmnt contact method does not respond well when
there is no stalizer located above mud motor. Moreover, the bit tendency method
includes the effect of bit type and design, weight on bit, side force generated at the
bit. This increases the accuracy of it to estimate the build rate.

The infleunce of rotary drilling asmblies has been studied in terms of building or
dropping effect¢Jogi, Burgess, &8owling, 1988)According to this article, weight

on bit, the number of stabilizers, location of the stabilizer, drill collar stiffness,
borehole inclination and curvature, hole size, rotary speed, formation strength and
formation dip have very importarntles to predict the build and drop tendency of the
bottomhole assembly. In the build section while drilling directionally, side force
applied to the bit is negative which means that side force affects bbtiem
assembly to reduce inclination. In thepl section, side force was accepted as zero
which means that it acts to keep inclination. According to above researchers, the
most important feature of designing botttiwle assemblies is the location of the
first few stabilizers. If one uses under gaagbilizer as a sleeve stabilizer just above
the bit, the BHA tends to decrease inclination and, if one adds a second stabilizer
after one collar length which is also under gauge, the effect of this BHA is less
mentioned. This BHA is called hold bottenole assemblies. The third stabilizer
located on bottoriole assemblies does not have a significant effect. If there is one
under gauge stabilizer located just above the bit and one under gauge integral blade
stabilizer located above two or more collar sizee can have building effect BHA

but if one starts to move stabilizer located just above the bit through to the second
stabilizer, the result is that the building effect turns to drop effect. If BHA has one
stabilizer located above two collars size, thidABhas a dropping feect. The
following Figure 2.15describes briefly the importance of stabilizer for controlling

orientation (Michael J. Economides, Larry T. Watters, 1998)
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Figure2.15. Stabilizer Effect tdrientation

According to Jogi, Burgess, Bowling, weight on biteats the tendency of BHA
slightly (Jogi et al., 1988)Researches have detailed WOB in different wells that
have differebwellbore angles. For hold BHA, when the weight on is increased, BHA
acts to increase inclination very slightly.

Pehlivant ¢r k, Angel o, Ashok and Oort
directional drilling( Pe hl i v ant ¢.Thkereare Idafluncertairi€s h8t
directional drilling; therefore it is very difficult to predict the result in drilling
operations. In this study, sliding drilling has been detailed to fit on a geometric
optimal path. Directional drillers generally use rotarystele system or mud motor
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technology to give a direction. The formulation for the guidance system changes
extremely between these two technologies because orientation to give direction is
done differently between them. Even if there are lots of technslaigieeloped in
recent years for directional drilling. However, it is impossible to make predictions
about the wellsdé deviation and to create a
of drill string design and bit rock interaction. There are no procedoatsan be

taken as a guaranteed for drilling engineers since directional drilling operations are
not repeatable. Actually, in this article, directional drilling has been considered as an
art rather than a science.

Lubinski and Woods have examined thetdas affecting the wellbore inclination

and dogleg in rotary borehole@ ubinski & Woods, 1953According to them, when
everything is uniform in the hole, the inclination andtiegydo not change but it is
impossibleto find everything uniform in the drilling operations. Therefore, they
created mathematical relationships to find the forces on the bit, tHegltendency,

and the hole inclination as a function of WOB, size of drill collar, stabilizers and dip
of the ormation which is also the main parameter of the present thesis. According
to this study, when one considers a well which is not vertical, there is a point close
to the bit which is called the tangency point. Above this point, drill string lies on the
holewall; below this point, if there is no weight on the bit, all forces applied to the
bit come from the weight of string. This affects the movement of a bit to be vertical.
When one has weight on the bit, another force applied to the bit occurs. This pushes
the bit not to be in a vertical position. There are forces generated by weight on bit,
weight on drill string, drill collar size, stabilizers location and gauge. If there is no
bedding place in the formations drilled, this formation is called as isotrBgic
deviation depends on the sum of force vectors mentioned above. Researches have
tried different weight on the bit and different drill collar types in their experiments.
They could not find any constant relationship for guessing the deviation. Farmatio
dip angle changes tlwientationof a well while drilling. According to them, even

if there is an isotropic formation, vertical hole cannot be drilled perfectly because of

the elasticity of the drill string. They explained the formation drilling arggtr
24



index which is the difference between drillability of the formation parallel and
perpendicular to the bedding plane. They have showed the difference of inclinations
in isotropic and anisotropic formations with graphs. According to results, they got
three times greater inclination in the isotropic formation than in the anisotropic
formation. When they increased the weight on the bit, they saw increasing
inclination. When they investigated the effect of size of the drill collar and hole size,
they realize that the significance of clearance between drill collar and the hole is
more important than the effects of their size separately. In other words, the important
parameter which affects the direction and deviation of the hole is the size of drill
collars sed with respect to the size of the hole. It was seen that the inclination of the
hole increases more as the clearance between hole and drill collar decreases.
Therefore, stabilizers are used in the lower part of the drill string to decrease
clearancetoncr ease the angle of inclination ev
Moreover, changing of dip angle creates sudden change in the hole angle; for
example, crossing unconformities causes instantaneous change of the angle.
Lubinski and Woods explained thdfext of crossing unconformities with the
Equation2.17

B E r (2.17

0 is the instant amedluwss tdlea rhiptheramifiotraoyng lda p
index. According to this formula, instantaneous change of the angle does not depend

on weight on bit, drill collar size, hole size and also stabilizer location and size. It

only depends on the formation.thme following figure Figure 2.16, theorientation

when going from inclined bed to horizontal bed is shéwubinski & Woods, 1953)
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After Going to’Horizontal Bed

Before Going to Horizontal Bed

Figure2.16. Orientationof Drill String from inclined bed to horizontal bed (Lubinski & Woods,
1953)

Menand, Mills and Suarez explained the importance of micrelep@n drilling
performance by comparing continuous survey measurement and computer modeling
(Menand, Mills, & Suarez, 2016Poglegs are found in any vertical or deviated
wells, it causes more torque and drag e/hitilling, over pull while pulling out of

hole, key seating, stuck pipe and similar problems. Two favorite methods that are
used to drill wells directionally shown in recent applications are mud motor and
rotary steerable system. While drilling mud mowiging is done to give direction

and after this rotary is done to follow the path created by sliding. There are micro
dog legs while passing from sliding mode to rotary mode. This creates tortuosity. A
Rotary steerable system also creates a micro ddgdsghan mud motor. According

to Industry Steering Committee on Wellbore Survey Accuracy (ISCWSA), surveys
are taken at an interval of the length of one stand or 30 m. This causes micro dog
legs to be eliminated. The following figurEigure 2.17 showsthe micro dogegs

while comparing continuous inclination surveying and inclination surveying at every
30 m(Menand eatl., 2016)
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Figure2.17. Difference Between Continuous Inclination and Survey Inclination (Menand et al.,
2016)

Moreover, Menand, Mills and Suarez gave details about the bit beliisddnand et

al., 2016) Steerability and walk angle are the two parameters to describe the bit
behavior. A bit steerability is the abiligf the bit under the influence of the axial

and lateral forces. These forces affect the ability of the bit to build and drop the angle.
PDC type drilling bit is more affected by the axial and lateral forces. Therefore,
controlling orientation with the PDG@it in the drilling operation is not easy. To see

the formation effect, unconfined compressive strength logs can be taken. They also
gave information about the walk angle which is the angle between the direction of
the side forces and the direction of tateral displacement of the lfMenand et al.,

2016) Tendency of the bit can be right, left and the same direasdhe side force.
Usage of the stabilizers to control the hatientationhas been investigated in detail

by Woods and LubinskMWoods & Lubinski, 1955The importance of the stabilizer

has not been known in the early studies. It has been realized that the stabilizer is the
important portion of the drill string to drill a vertical hole and to control the hole
deviation. The optimum place of stabilizer in the drill string depends on the hole size,
drill collar size, weight on the bit and hole inclination. One cannot say tHhat i

location depends on formation dip and formation crookedness directly. This paper
27



investigated the stabilizerds position
collar lies on the hole wall which is an unwanted situation. If there is diztab
away from the drilling bit, drill collar can touch the hole wall. This configuration is
better according to mathematical studies but in real life, it is not a good configuration.
When the stabilizer is put close to the drilling bit, drill collarginet touch the wall.

This is shown as an optimum position. When the weight on the bit is increased, the
inclination of the hole tends to increase. More weight can be applied while drilling
with adding one stabilizer to keep the angle constant. Moreovem whe larger
diameter of drill collars are used in the BHA, more weight can be applied without
affecting the angle.

Bhalla, Gong, Mckown created a program to predict the bottom hole assembly
performancéBhalla, Gong, & MKown, 2008)Inputs of this program are formation
type, dip angle, size of drill collar, hole size, number and locations of the stabilizers.
Outputs of it can be build, drop or hold tendency of the bottom of assembly for
different weight on the bit.

Brakel and Azar worked on predicting wellbore behavior considering drilling bit
dynamics and bottom hole assemBrakel & Azar, 1989)According to them,
direction of the well can be predicted by bottom hadeembly modeling; with the
operating conditions as a controllable parameter and the formation characteristic as
an uncontrollable parameter. They have investigated the bit rock interaction to study
directional tendency. They compared polycrystalline diadhcompact (PDC) bit

and roller cone bit with building, holding and dropping assemblies. Moreover, they
gave information about effect of the revolution per minute (RPM) on the bottom hole
assembly behavior. They have also investigated the side forcesdappldrilling

bits to evaluate the tendency of PDC and roller cone bit while contacting with the
formation at different weight on bit. Their predicting model worked well with hold
BHA when compare with the field data. Their conclusion can be summaszed a
such: i. the rock bit interaction should be considered for prediction well path
direction; ii. The inclination tendencies of roller cone and PDC bit are similar while

azimuth effect of them is reverse especially in building and dropping BHA, iii. The
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roller cone bit has unstable behavior when faced with the formation because it has
three cones; iv. PDC rock interaction is like a siae behavior which is an
unbalance force in a fix direction. According to Brakel and Azar, rotary speed affects
the azimth of the hole but its effect is not significant enough to be recqitadtel

& Azar, 1989)

Bradley examined the factors affecting the borehole angle in vertical and deviated
wells (Bradley, 1975)Controlling deviation of a borehole is very important because
holes wit high dogleg can cause key seating, casing weatr, stuck pipe, etc. To drill
vertically, weight applied on the bit should be less but this causes a slow penetration
rate. Therefore, controlling the wellbore angle has an important role for vertically
and deiated wells. According to this article, two things which are the behavior of
drill string under forces applied in well and drilling behavior in different formations
are important for the deviation. When the weight on bit increases, the contact point
on dill collar becomes closer to the bit. This increases the inclination. Moreover,
Bradley indicates thatrientationof wells are affected by the sum of the vectorial
forces applied on BHA in uniform formations, but in anisotropic formations, the
formation behavior affects the direction of well stronglBradley, 1975) The
following figure Figure 2.18 shows briefly the difference of direction at different

formation constructions.
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Figure2.18. Orientation of Drilling in Isotropic and Anisotropic Rock, (Bradley, 1975)

Aadnoy (2002) proposed an analytical model to design the well path and the bottom
hole assemblfAadnoy & Huusgaard, 2002According to this study, the most
important parameters affecting bottom hole assembly behavior are stabilizer location
and gauge, borehole inclination and curvature, weight on bit, drill collar stiffness,
formation strength and anisotropy. Moreover, this sfuayg forward equations that

can be used to have a bottom hole assembly with a minimum weight to be used in
rotating and sliding drillings.

Maidla and Haci, investigated the sliding drilling to evaluate the effect on torque
value(Maidla & Haci, 2004) There were two famous methods used for this purpose,
which are the rotary steerable system and the motor/MWD sys$tethe rotary
steerable system, the driller gives a direction while rotating but with the motor and
MWD system, the driller gives the turn at the bit. Therefore, it is called as the sliding
drilling. Orientation is harder in the sliding drilling than tbther. The authors
explained the principle of the sliding drilling. When weight is applied on the bit, the

torque on the bit increases to the right of the direction of rotation. The force applied
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in the reverse direction of torque is called reactive tarBeactive torque affects the
tool-face orientation. Therefore, sliding is a challenging operation.

Effect of the formation anisotropy on directional tendency has been examined by
Boualleg, Sellami, Menand, Ecole De Mines de Paris, Simon as shovguaios
2.18(Boualleg, Sellami, Menand, & Simon, 20(dpreover, in this study, the gauge
length of the bit and bit type, dip angle, number of the stabilizers and tis#iops

and the bit steerability affect the deviations of the wellbores.

$AOCEAGKIBA/ i @1 EOI AT DB ADAE O (2.189

This paper examines the effect of formation anisotropy on the directional behavior.

To evaluatehe formation effect, laminated rock, which is a uniform formation and
interbedded rock, where there 1is a sud
characteristics, have been studied. It was observed that when the bit cuts the uniform
formation, there is neide force applied to the bit. If the bit enters from hard to soft

or soft to hard formations, side force is generated. This effects the deviation. If the
interface angle betweehd hard and soft rock is high (dip angle), it causes more
significant forceand deviations. When the effect of the gauge length of bit has been
investigated at the formation having 45A
not change suddenly and wellbore quality is obtained better. When, the parameters
affecting side fozes have been kept the same, they realized that side forces are
generated mainly because of anisotropic behavior of the rocks. When they compare
WOB and dip angle, they reached to the conclusion that the dip angle is more
sensitive to the wight on bit. Flowing Figure 219 shows the effect of isotropic

and anisotropic formations on build and drop angle for the different BHA design. As

can be seen from this figure, in isotropic formation, the inclination changes with a

constant rate; however, in anisotroformation, one cannot say the same thing.
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Figure2.19. Effect of Anisotropy on Inclination (Boualleg et al., 2006)

The rock bit interaction in directional wells has been investigated-Byadd Ho

(Ho, 1987) For this purpose, there are various models developed in this study, which
are inverse, forward modellingsid modelling to generate drilling logs. The inverse
modeling investigates the rock and bit anisotropy index with known formation dip,
instantaneous drilling direction. The forward modeling explains the instantaneous
drilling direction with known formatio dip, rock and bit anisotropy index. The
modeling to generate drilling logs is used to reach drilling dip log with known
anisotropy index, instantaneous drilling direction. Drilling dip log will provide a true
dip angle and true dip direction. As a resflthis study, these modellings should
work together to get the unknown values.

28 Review of the Adéyaman Regi on

Parameters affecting wellbore deviation in directional and vertical wells have been
studied by different researchers. In the first part of httee Review, weight on bit,
stabilizer location and gauge, flow rate, bit behavior, formation stress, formation dip,

drill collar stiffness, hole size, drill collar size, and hole inclination have been
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investigated in detail. In this part of the LiterauReview, location, geological
formation, general stratigraphy and stru

be examined.

2.8.1 Location of Adéyaman Province

Adéyaman i s a pecentral of fuckey. Itiishocated etwsen Malatya,
Kahramanmaa k and kanl éurfa Pr o%arnecaess.. Adeé ycaan
Region is situated within the SE Anatolian Fold and Thrust @@go de Righi &

Cortesini, 1964)Ad éy aman i s one oih TutkdyeFigpe2268 uct i v e
showstheAd €y aman Regi on o(nii AGloeoygal nea nE aPrrtohv i Macpe |,

wn

Figue220Ad éyaman Regi on on Map (AAdéyaman Pro

Adéyaman is covered from North with East

Ak-akale Graben and from East with Kar ac:

2.8.2 Geolgi c al Formation of the Adéyaman
Geol ogi cal formation of the Adéyaman Re
approach. keng°r and Yélmaz wevaluated t1}

Tethyan and a Ne®ethyan are the phases to evaluate the Tatbf/@urkey. During
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the PermeLiassic interval, the souttlipping subduction zone of Pala&ethys

operates the Paladathyan evaluation. The area of Turkey created by a part of the
northern margin of Gondwarlaand, moreover Southeastern Turkey is plaaedg

the north side of the Arabian plate of Gondwanaland during the Paleozoic Era
(keng©°r & YSoutmea AnatolihrdtBrds) belt continues from Hakkari
Province to Kahramanmarak province unti.l
thrust belt been occurred with closing area between Eusmsl Gondwanhand.

The collision of the continents caused the occurrence of this line. There are lots of
folds occurred in Southern Anatolia due to this colligioR e r i n - .aMith thel 9 9 0)
increase of jamming, faults hawvecurred. The Arabian plate compresses Anatolia

to the West and to the North with the movementoftheplatee r i n - .dhdere 199 0)
are three geological zones in the region of SE (Southeast) Anatolia which are the
Imbricaion zone, the Arabian Zone and the Nappe Re(fdimaz & Clift, 1990)

When these geological zoneare compared, the Arabian Zone includes
autochthonous and parautochthonous sedimentary succession which has started to
accumulate in the early Paleozoic time. In the north of the Arabian platform, the
region is affected by orogeny where folds and thrulss lsecurredYilmaz & Clift,

1990) The imbrication zone is located between the Arabian and Nappe ahd it

is separad by thrust faults. Figure 2.2hows these zones.

Figure2.21. Geological Cross Section Across the Southeast Anatolian orogenic Belt (Yigitbas,
Mart, & Gen, 1993)
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