Lecture 1

Introduction to Directional

Drilling

Topics

Planning directional well profiles

Directional surveying and directional drilling
systems

Pore pressure and wellbore stability for
directional wells

Principal of Directional Bottom Hole assemblies
Directional deflection and steering systems
Torque & Drag and Buckling in directional wells

Drill bit selection in directional wells and
operational parameter selection and simulation
for directional wells




Directional drilling

Examples of when to use directional drilling
Directional change, dog leg severity
Directional well types

Horizontal wells

Steerable systems

— Deflection tools

— PDM positive displacement motors
— Rotary steerable systems
Multilaterals

« Infill drilling and geosteering
» (Torque, drag, buckling, directional well design)

DRILLING RIG INSIDE BUILDING

'

Fig. 8.4—D§velo"ping a field under a city using directionally
drilled wells. .
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Fig. 8.5—Drilling of directional wells where the reservoir is
beneath a major surface obstruction.
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Fig. B.3—Ty';lalical offshore development platform with directional
wells. -
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OiL PRODUCING WELL READY TO ABANOON

SIDETRACKED OUT OF CASING

OLD OiL RESERVOIR

Fig. 8.7—Using an old well to exploré for new oil by sidetracking
out of the casing and drilling directionally.

CEMENT PLUG

FISH LOST IN ™\, SIDETRACKED HOLE AROUND FISH
HOLE AND UNABLE
TO RECOVER

Fig. 8.6—Sidetracking around a fish.
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* The actual well path hardly ever coincides with the
planned trajectory

* Important: Hit target within specified radius

Directional drilling

« Examples of when to use directional drilling
 Directional change, dog leg severity

e Horizontal wells

» Steerable systems
— Deflection tools
— PDM positive displacement motors
— Rotary steerable systems

o Multilaterals

« Infill drilling and geosteering
» (Torque, drag, buckling, directional well design)
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Flg 8.1—Inclination and direction planes as a wellbore proceeds
in the depth plane.

What isknown?|
11,15, ALA,,
AL =AMD,,

Calculate

B = dogleg angle
DL S = B*100/AL
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Well profile terminology

«,Qf RKB

KOP - Kick off point
EOB - End of build
ECH - End of hold
TVD - True vertical depth
o KoP MD - Measured depth

TVD Build section

EOH
— EOB l

Tangent section

Drop section

MD

Horizontal reach

Directional well types

Type |1 (J) Type Il (S)  Type lll
KOP —
«— EOC
Build Build-Hold Continuous
and Hold and Drop Build




How to choose a planned well path

e Target locations and boundaries
* Planned casing points

* Natural formation directional tendencies and
lithologies in the build up part

* BHA considerations — directional change and
performance

» Offset wells or geological features that are to
be avoided and to get to close.

e QOrientation of the wellbore
e DLS limitations
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Directional drilling

« Examples of when to use directional drilling
 Directional change, dog leg severity
 Directional well types

» Steerable systems
— Deflection tools
— PDM positive displacement motors
— Rotary steerable systems

o Multilaterals

« Infill drilling and geosteering
» (Torque, drag, buckling, directional well design)
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Why Drill Horizontal Wells?

« Increase Reserves Horizontal wells...

» Increase Production Rates * may produce at 3-5 (or
» Control Water Production \r/]vlglrI];r) times of vertical
 Control Gas Production

» Control Sand Production - typically cost 1.5-3 times

* Produce From Thin Reservoirs more

» Connect Vertical Fractures

* Produce Methane from Coal Seams « used in reservoir with

« Increase Injectivity natural vertical fractures

« (steam, water, polymers, etc.)

Alberta Oil sands

» 60% production
from mining
(121,000
m3/day; 760,000
bpd)

) 40% prOdUCtion :’?;:::tionofbitumen
from in-situ in Alberta, 2006
(78,500 m¥/day; | %™
490,000 bpd) B Mined biumen

Source: Canadian Heavy oil association




Heavy oil Canada

Global Crude Oil Reserves by Country
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Source: Canadian Heavy oil association
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In-Situ

Steam Assisted Gravity Drainage (SAGD)

condenses

Heated 4 Steam
bitumen L _'—_:__"““———-»-_r___. t t
flows to e i

well

e Horizontal length: 750 — 1200 + Rate: 100 — 400 m3/day (700 — 2500 bpd)

m » Steam Oil Ratio: 2 -4

* Vertical separation: 5 -6 m «+ Current Production: 20,000 m¥day

« TVD: 90 - 400 m (125,000 bpd)

Source: Canadian Heavy oil association 21

In-Situ

Steam Assisted Gravity Drainage (SAGD)
Example of SAGD Pads

Source: Suncor Energy Inc. 22
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In-Situ

Steam Assisted Gravity Drainage (SAGD)
SAGD Well Pad

Source: Suncor Energy Inc.
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In-Situ

Steam Assisted Gravity Dralnage (SAGD)

Source: Nexen
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Troll oil field North sea

Source: StatoilHydro

Troll oil field
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Troll horizontal wells

Troll oil reservoir

Geological cross section along a horizontal wellpath

s\‘-— GOC =-15425

‘

Source:

Meter
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1000 1500 3000

Initial conditions After production
expansiol

IGas BEOI T Water Horizontal producers

Statoil
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Potential Problems in Horizontal Drilling

Running equipment in and out of hole
e drillstring, casing, cables

Preventing/Remedying differential sticking
Excessive torque

Cleaning the hole and preventing cuttings from settling
along the hole bottom

Controlling weight on bit to achieve and maintain
directional control

Cementing casing or liner

28
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Directional drilling

« Examples of when to use directional drilling
 Directional change, dog leg severity
 Directional well types

» Horizontal wells

o Multilaterals

« Infill drilling and geosteering
» (Torque, drag, buckling, directional well design)
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Definition of steerable system

. A BHA whose directional behavior may be modified
from the surface to steer the bit towards the target,
without removing the BHA.

. An MWD system to provide continuous updates of
directional parameters while drilling.

. Surface software capable of predicting the probable
trajectory of the wellbore with the current BHA.

30
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Steerable systems

 Deflection tools
» PDM positive displacement motors
» Rotary steerable systems (RSS)
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Jetting bit

» A bit with one oversize and
two normal size nozzles
will tend to hydraulically
erode the hole on the side
of the large nozzle, when
drilling in medium soft rock
without pipe rotation.

* This causes the hole to
change direction.

* When the pipe is rotated, no
change in inclination or
direction occurs.

32
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Jetting a trajectory change

Orienting Large Jetting A Bit o The Mocmal
Nozzie WN‘ Pocket (Shill Jetting) Raotary Dritting
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Openhole
whipstock

» For kicking off from
vertical

» For changing hole
direction

* Not for steering.

34
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WindowMaster™

"MWD/DP
Watermelon mill
w/flex area
Flex pipe
String mill
w/flex area
Metal
muncher
"Hydra
.| Master"
J packer
s all o :
R.LH. Measure Shear bolt & start  Increase W.O.M. &
WindowMaster orientation window cutting  mill/ream window
w/"HydraMaster" w/"MWD" presure
packer up annulus and
set packer
35
~ STRING STABILIZER
Directional
change with Mud
motor and bent
housing el |
MODE————— !
BEND ANGLE
¢ STABILIZER
81T OFFSET
ORIENTED
MODE
36
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Bottom Hole Assembly

The lower portion of the
drillstring, consisting of (from the
bottom up in a vertical well)

The bit,

Bit sub,

Stabilizers,

Drill collars,

Heavy-weight drillpipe,
Crossovers for various thread
forms.

Caled tebeng

Orieming tosd

SLIMT WD
in sosmagneic
drd | celiar

Mud mator

BHA cont...

Mud motor, directional drilling and measuring
equipment, measurements-while-drilling tools,
logging-while-drilling tools and other

specialized devices.

» A simple BHA consisting of a bit, various
crossovers, and drill collars may be relatively
inexpensive (less than $100,000 US in 2000),

» A complex directional BHA may cost ten or

more times that amount.

38
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Positive displacement pumps (Mud motor)

* A positive displasement

drilling motor that uses {Ehwvatord
hydraulic horsepower of the /
drilling fluid to drive the drill
bit. L rotor

* A mud motor incorporating  Dimgfen
a bent housing “""""“\

» A steerable motor can be
used to steer the wellbore
without drillstring rotation in
directional drilling [ Fluid Fiow
operations, or to drill ahead
in a rotary drilling mode.

t—=— Flax Drive|

Positive displacement pumps

Bearing Houslng Titanlum Flex Sheft Rotor Catching Device

Rotor / Stator

Mach 1X / XL
Mach 1C

Source: BHI 40
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3D rotational directional tools

» Push the bit technology and point the bit
technology

» Rotational drilling improves cutter transport
and thereby hole cleaning

 Rotational drilling improves WOB transfer

* Two most common types is Power drive and
Autotrack

A closer look on Power driwe

41

Troll infill drilling

Challenges:
e |\No more sfots/templates
e \No more space for sublsea
o [imites space : 2
- additional sub sea mst/ ancho ing
e Pressure loss
— due to the depletion of the gas anp
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Troll multilaterals

Source: Statoil 43

Casing and well design

NE: All depins refers 1o RKB
A

{30 m above M5L)
— Saatd Mom
tubing T TEMS Perforation intervals

nabety vaiew a1 - 881 3m 3602 - 3510
3520 - 3883
W56 - 3584
W70 - 3578
1.9 0., HaCt brine rrbgpesty
3606 - 3653

Hydrocarhons triem resarv

[ 10344 procuction pecker @ 3079.2m MD(430m TVD)

'-7 TE°, 384 liner hanger PER o1 3168m MD (2481m TVD)
5 10 344" casing shoe
E___3326m MD (2601m TVOf —————

Source: Endeavor Energy
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Infill drilling

Well path before
geosteering

Well path
geosteering

- L
- ~ - — bt
~Sa—-
47
Source: Endeavor Energy
Shale gas fracing
.\'rul-hk Groundwater Aquifers
'\. Municipal Water Well:
i\ < 1,000 ft.

Additional steel casing
and cement to protect
aroundwater
Protective Steel Casing

NOT TO SCALE % = 4
* Approximate distance
from surface: 8,000 feet
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Shale gas

5 ie

Lower 48 states shale plays

Shale plays Basins
[ Current plays:
[0 Prospective piays
Stacked

e lvest

—— intarmediatn dopth age
—— Dospesti oldest sibston sandsiuns

* Mined shaie &

chalk play
= Meed shals &
estone play

Mo shals 5.
dolosio;

T 3
Source. Energy Infamain Admin/stratan based on data from vaneus published Studies.
Updated. May 2, 2011
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Shale Gas = “Unconventional” Gas

U.S. natural gas gross exports exceed 5 tcfin 2025
U.S. natural gas imports and exports
trillion cubic feet per year billion cubic feet per day
10 History 2012 Projections
2025
8 5.4 tcf of exports
(14.8 beflday)

]

2.0 tef of imports .~ LNG imports --10
(5.4 bcfiday)

-6
2000 2005 2010 2015 2020 2025 2030 2035 2040

Source: EIA, Annual Energy Outlook 2014 Early Release

= | Adam Sieminski, IAEE/AEA

€1a’  vanuary 4, 2014
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