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The drill string is turned at
surface, which turns the bit at
the bottom of the hole.

Drillstem

Mud Column

DriIIing fluid is pumped down

=: the inside of the drill pipe, through
Jet nozzles in the bit, and into
Nt the "annulus”. This is the space

: anus and

1 ‘permeable : DEtWeen the sides of the hole
: ." Fnrmatlnn -.'
R :and the drill pipe.

The teeth on the drill bit grind
Vi :{ the rock into fragments, or “cuttings”.



The mud lifts the cuttings
and circulates them back
to surface where they are
removed.
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Planning and Evaluation
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How we shall act...

Drilling
Optimization

Reservoir

Well
Design/ Drilling

Directional

Drilling Program

Formation
Evaluation

Cementing




Memperkirakan biaya pemboran tiap section

Menentukan parameteryang harus ditingkatkan (improvement)
Memperkirakan biaya total pemboran berdasarkan biaya per hari
Memperhitungkan waktu tripping, wiper trips, dan sirkulasi
Memperhitungkan waktu making up dan breaking up BHA
Memperhitungkan directional drilling, MWD, dan gyro

ﬁ Biaya semen dan waktu penyemenan \

* Biayacasingdan perlengkapannya

e Biayakomplesi

* Fluida komplesi dan pemboran

* Memperkirakan semua kondisi di atas berdasarkan desain pemboran
dan waktu yang diperlukan

J

CONSUMABLES

Menentukan kebutuhan tes evaluasi formasi
Menentukan kontraktoryangbertanggung jawab atastes yang

dilakukan FORMATION
Menentukan waktu untuk menyelesaikan testing EVALUATION

Menentukan waktu dimana semua peralatan dan personil berada di
lokasi pemboran
Menentukan pengaruh waktu terhadap biaya dari pertimbangan di atas
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Evaluasi Desain

Eksekusi




Drilling Functions

Transmission of energy to the system-rock
interface

Reduction of the rock
Removal of the rock

Maintenance of the borehole (formation
stability) while drilling

Control of formation fluids (well control)
Preservation of the borehole (completion)



Technical & institutional constraints
of drilling functions

Environmental impact
Operational safety
Government regulations
Directional drilling and control
Sensing and communication



Performance Analysis

Non-Productive Time
Productive Time

Quality Well Delivery Process
Unit Development Cost
Production Attainment



Role of drilling
in field development
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SEISMIC SURVEY
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DRILL EXPLORATIONWELL
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DRILL APPRAISAL
WELL

MUD LOGGING

Lithological and Textural Description of
Formation from Drill Cuttings. Hydrocarbon Shows.

r

CORING
Lithological and Textural Description from Massive Sampla.
Samples used for Laboratory Analysis on Porosity, Permeability,
Capillary Pressure etc.

r

WELL LOGGING

Electrical, Radioactive and Sonic Tools provide
Quantitative Assessmant

Fluid Type and Distribution.

¥

WELLTESTING
Flowing from the Well allows large Representative Samplas of
the Resarvoir Fluid to be recovered. Pressure Responsa of
reservoir allows extent, Producibility and Drive Mechanisms
of the Resarvoir io be avaluated.

r

Evaluate Information
gathaered above.

r

From Exploration and
Appraizal Information
compile reservoir
Model.

r

Compile
Economic Modal.

DRILL
DEVELOPMENT
WELLS

L J




Personnel involved in drilling a well
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Regulation




How a well is drilled
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Completion
schematic
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($1000)

Wellhead 105

Flowline and surface equipment 161

Casing and downhole equipment 1465

Sub- total 1731

Drilling contractor 2061

Directional drilling/surveying 319

Brea kd own Logging/testing/perforating 603
Mud processing/chemicals 838

Of Cementing 288

Bits 282

Well Costs Sub-total 4411
Transport 1581

Equipment rental 391

Communications 120

Mobilisation 686

Power and fuel 225

Supervision 300

Sub-total 3303

Total well cost $9.445,000
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Time
breakdown for
a North Sea
well (fixed
platform)

HOURS To
Drill 352.0 41.9
Trips/Lay Down Drill Pipe 195.0 [4.8
Directional Surveys 104.0 7.9
Core/Circ. Samples 91.5 6.9
Guide Base/Conductor 60.0 4.6
Wash/Ream/Clean Out Borehole 59.0 4.5
Lost Time 49.5 3.8
Run Casing/Tubing/Packer 37.5 2.8
Nipple down, up/Run Riser 37.0 2.8
Log/Set Packer/Perforate 26.5 2.0
Test Bops/Wellhead 25.0 1.9
Rig Maintenance 20.5 1.6
Circ. & Cond./Displace Mud 20.5 1.5
Fishing/Milling 20.0 1.5
Cement/Squeeze/WOC 18.0 1.4
Rig Down/Move/Rig Up 2.5 0.2
TOTAL [318.5hrs 100.0

(35 days)

Department of Petroleum Engineering, Heriott-Watt University



Horizontal Drilling




Communications
Relay Station




Complex Wells

Stacked Fishbone Wells

. 20,000-35.000 ft total
footage in horizontal section




Summary of functional descriptions

SYSTEM TYPE DRILLING FUNCTIONS
TRANSMIT ENERGY REDUCE ROCK REMOVEROCK | CONTROL | KEEPHOLE | PRESERVE
WELL STABILITY | WELLBORE
BASELINE Mechanical energy to rock Crushing or shearing Drilling mud, Mechanical Hydrostatic Steel casing
through rotary table and by roller-cone or drag | circulated by closure by blow- | pressure of cemented in
drillstring; drill pipe moved | bits pumps, and/or gas, | out preventers, | mud; chemical | place; handled
by drawworks driven by pressure control | treatment by by mast and
COMPIESS0rs by mud column | mud additives | drawworks
COILED Hydraulic power through Baseline Baseline Baseline Baseline Baseline;
TUBING tubing and downhole motor; casing handled
continuous drillpipe on reel by jacks
JET ASSISTED Baseline, plus high pressure | Baseline, augmented by | Baseline Baseline Baseline Baseline
supplied 10 the bit high-pressure jets '
PROJECTILE Baseline, plus chemical Baseline, augmented by | Pneumatic; air Blowout None Baseline
ASSISTED explosive projectile impact compressor preventer
MICROWAVE Baseline, plus Baseline, enhanced by | Pneumatic, air Blowout None Baseline
electric/thermal (microwave) | heating rock compressor preventer
MUD HAMMER. | Baseline, plus hydraulic Roller or flathead bits | Baseline Baseline Baseline Baseline
power to hammer crushing rock by
impact
THERMAL Primarily chemical (fuel and | Spallation due to high | Gas; air compressor | Blowout None Baseline
SPALLATION oxidizer) thermal gradients or plus products of preventer
differential expansion | combustion
SPARK DRILL Electrical encrgy delivered to | Spark-driven shock Baseline Baseline Baseline Baseline
the drill head wave
EXPLOSIVE Chemical explosive Explosively-driven Baseline Baseline Baseline Baseline
DRILL. delivered to rock face shock wave, or :
explosive-enhanced
conventional
ROCK Electrical or optical Thermal - rock melting | Pneumatic Blowout Glass-lined Baseling; plus
MELTERS preventer wellbore (7) glass lining (7)
PULSED-LASER | Optical (fiber optic) Mechanical resonance | Undetermined Undetermined Undetermined | Baseline
WATER JET
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Technical maturity of advanced systems

coiled tubing rig
multi-channel jet
downhole pump
projectile-assist
microwave-assist
mud hammer
thermal spallation
spark drill
explosive drill
pulse-laser
electric heater
plasma are

laser thermal/e-beam
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SYSTEM LIMITATIONS,

NEEDS,

AND COMMON PROBLEMS

SAND95-033 1

SYSTEM LIMITATIONS TECHNOLOGY NEEDS
COILED ¢ CT units are expensive ¢ Less expencive downhole molors
TUBING # Increased differential sticking * Undefined ]

+ Hole size, hydraulics limited by tubing size # Larger tubing and resls
* Weight-on-bit and torque lirnitad * Downbole thruster-retrmctar
* Tubing fatizue # Improved materials; larger resis
JET ASSISTED | # Reguires the fill finid-supply system 1o + High-pressre pumps, hoses, swivel, drill-
{foll surface withstand high pressure pipe
press.} + Difficuit to seal drill-pipe connections » Improved joint-seal design
* Working fluid pH is critical te pipe life + Drilling Auid development, pipe materials
» High opemating cost » Undefined
# Pressure-safety concems » Undefined
JET ASSISTED | » High pressure josses * Larger conduit
(multiple * Time-consuming joint makenp & [mproved joint design
conduit) # Dual pumps and fow channels required & Multi-condut swivel, drill-pipe, and bit
» Pressure-safety concemns * Undefined
JET ASSISTED | + Not developed to the poimt of field service * Complets and test intenmifier design
{downhole # Limited high-pressure flow rate » Re-design intensifier for higher fow rate (7)
intensifier) » Dusl channels from intensiiier to bit » Multi-conduit drill-pipe and bit
PROJECTILE | # Complex firing mechanism and magazine & Field-test prototype for extendad tme;
ASSISTED may limit life refine design
* Systern does not function in liquid » Develop proposed valve system:
MUD # Designs with totai-mud-flow vaiving hmder | » Use partinl flow to drive reciprocating
HAMMER well control mechanism
» Interferes with acowstic or mud-puise MWD * Develop non-acoustic MWD
* Damage at hammer-anvil interface + Re-design hemmer/anvil interface
* Valve erosion from mud sbrasives * Re-design valve (or matenals development)
» Fatigue fidlure of valve andfor spring = He-design valve system
THERMAL # Difficult to maintam hole gaupe » Downbaole thruster/contro] head
SPALLATION | = Must (probably) operate in air * Pursue development of undervwater sysiem
= Meeds umbilical for fuel, air, cooling water » Minlti-channel pipe or downhole separator
# Performance varies with rock type * Spallation sugments mechanical drilling
» Safety concerms + Undefined
SPARK DRILL | » Mot demonstrated as e drilling system + Build and demonsirate prototype
* Requires elecirical conduit downhole # Electrical condnit in drifl-pipe
» Insulation breskdown from high currents » Undefined
» (Gas peneration downbole » Tindefined
EXPLOSIVE | » Efficiency at depth iz not known # Test prototype or build test facility
DRILL « Mod flow for cleaning disperses explosive » Undefined
» Explosive must be neliably initinted * Develop initiathon system
+ Explosive must be connted and tracked * Develop counting and tracking system
# Safety concerns with mis-fire * Re-configure explosive delivery system
MICROWAVE | = Mot known if system will operate m liquid * Analysis and testing to resolve this issne
» Musl iransmit microwave energy downhole * Coaxial cable, wave guide, or downhole
_magnetron
ROCK & Only operate in air » Undefined
MELTERS + Meed electrical conduit downhola # Electrical condut in deall-pipe
(general) » Difficult to lift melted rock from hole * Undefined
=« Variation in rock behavior when medted * Undefined
ROCK + Fequire stand-off contral + Thruster-retractor control head
MELTERS » Plasma torch requires separate gas for plasma | * Multi-condunt drill-pipe
(laser, e-beam, | ® E-beam produces X-rays » Undefined

plasma torch) | * Laser has low power and efficiency # Ulse 1o kerf and angment mechanical

PULSED- s Only limited Iaboratary data on concept » Develop into prototype drilling system
LASER WATER | » Reguires laminar-flow clear water dowmhole | + Undefined '
JET & Requires additional fuid for hobe cleaning » Multi-condnit drifl-pipe

& Requires stand-off control

» Thruster-retractor conirol head




