references:

* Bernt S. Aadnoy, Iain Cooper, Stefan Z. Miska, Robert F. Mitchell, Michael L. Payne:

Advanced Drilling and Well Technology. SPE 2009, ISBN: 978-1-55563-145-1.
* Robello G. Samuel, Xiushan Liu: Advanced Drilling Engineering — Principles and
Design. Gulf Publishing Company, Houston Texas, 2009,
ISBN: 978-1-933762-34-0.
» World Oil’s Handbook of Horizontal Drilling and Completion Technology.
Gulf Publishing Company, Houston, Texas 1991, ISBN: 0-87201-361-8.
* A Primer of Oilwell Drilling. Petroleum Extension Service, Houston, Texas 2001,
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Phase 1: Rock Drilling
~ free falling bit strikes the bottom
;-.. with a heavy blow — repeated lifting
- and dropping makes the bit drill
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E Phase 2: Removal of Cuttings
h th interruption of drilling to remove
i ”H L"’ cuttings by bailing
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The Drill String is rotated to turn
the bit; it 1s fed down as the bit
penetration

~ Bit 1s pushed into the bottom and
'~ rotation makes it cut

Return circulation carries cuttings
up the annulus between the drill
string and the wall of the hole

Key Elements:
- Dri




Roller Cone Bit Roller Cone Bit Diamond Bit Diamond Bit
Milled Steel Tooth Tungsten Carbide Natural Diamonds Polycrystalline

(inserts) Diamond Compact
Cutters




HYprAULIC
Roller Cone Bits PRESSURE

) . )
Percussion Bits

C Chip Making
Rock
\ -

CRUMBLES
ROCK SURFACE

—t b —

\PIT . .
Chip Making

Roller Cone Bits
SHOVEL ——————— SHOVEL HELD>

Diamond Bits lrusnab IN. g DOWN AND

PusHED ALONG

C.H‘PE'-—H.'
o

Roller Cone Bits with Offset NDZZlES_ of Roller
Diamond Bits Cone Bits
CHIFS

R
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Cones of Roller Bits do
only roll on the bottom
but always
Slide, Tear and Gouge

Roller cone bit with no offset

Offset of cones
Increases
Sliding, Tearing,
Gouging action

Hard Rock  Direction of Rotation Soft Rock




Ball Bearings

Journal
Bearing

Lubricant
Reservoir

Pressured
Compensator

Jet Nozzle

Soft Formation

Sharp
Tooth Shape

Tooth Long-Extension
Shape Conical Shape

Medium Formation

Medium- Short-
Extension Extension
Conical Conical
Shape Shape

Hard to Very Hard Formation

90° Double 120° Double Sphnrlcml
Conical Conical

Shape Shape




JET 51265 ARE STATED
BY NUMBER

THE NUMBER S THE
NOZL1LE DIAMETER

N /37 INCHES

REPLACEABLE
NOZ2LLES ALLOW
JETS To swiT
THE CLEARING
ENERGY
REQUICEMENT

HIGH ENERGY T

DIRECTED ON

EOTTOM OF HoLe |l
RELEASES CHIPS g
FRACTURLD BY Hrei

E\T TEETH

ROP ——

DOriling rate. iph

Noztle velotity = 286 fps

|
Nozzle velooty = 276 fps

1 ]

Norzle velocity = 182 fps
n '!
L

Increasing

Nozzle velocit

*

Fald test medway dhale —

‘ eost Texo ]
20 25

Bit weight = 1,000 B WOB




high WOB
low RPM

50% of bits
“ 90% of bits

99% of bits

7 718%- 8 34"
Size
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25 50 75 100 125 150 175 200 225 250 275 300
rpm




Cutting Size

‘Shearing

Plowing

PDC-Bit Surface set Impregnated
diamond bit Diamond Bit
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! | I [
— ! ' Rotational Speed
Low WOB 300 - 600 RPM
High RPM Mainly used with
Downhole Motors/ |
Turbines

1
|
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Bit Size, in.




The drill string is the mechanical assemblage connection the

rotary drive on surface to the drilling bit on bottom of the hole
Pyl

Functions of the Drillstring:

* flow line for circulating drilling fluid

* provides weight on bit

* transmits rotation and torque to bit

* guides and controls trajectory of the bit
- .

Main Components:

HG5E

i o
I
ARTARY E" ~ * Drill Collars: thick wall steel pipe with
i -

- Pin/Box threaded connection
* Drill Pipe: steel pipe with Pin/Box
threaded toolioints
N | [N
Ancillary Components:

ANNULYS

DRILL COLLAR * crossover subs
4 ° stabilizers

= ‘I f !E BORMOLE * reamers




The drill string is the mechanical assemblage connection the
rotary drive on surface to the drilling bit on bottom of the hole
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The drill string is the mechanical assemblage connection the
rotary drive on surface to the drilling bit on bottom of the hole
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Pipe body

QUTSIDE VIEW

T

o

il
8°shoulder for Elevator —/7—

Rotary Drillpipes are standartized by API ,fh ﬁ‘ ‘4\
I

Outer Diameter Steel Grades of Nomlnal Welght = o
of Pipe Body Pipe Body of Plpe Body Pipe Lenght

5 1 E-75 - L Range 1: 18 - 22 ft
5¢ X-95 : -‘ Range 2: 27 - 30 ft

4 1 G -105 | R Range 3: 38 — 45 ft
4 S-135 Wall Thlckness

3 1566 g A 1 ft = 30,48 cm

27/8

2 3/8* Tool Joints Steel Grade: 120 000 psi (827,4 Mpa)
Thread Type: NC 50, NC 38

1“=2,54 cm Friction welded with upset pipe body annealed and machined




KELLY SAVER SLIBS

% THEREOW - AWWAY EUES
| | ?

BT RUB BiT S4B W T=UT ALIBEER YITHGROOVE BOY g PN B « BOX
WiTH FLOAT Wl =OLIT FLOAT =Q0TECTOR FOR RUBBER PROTECTDR
REDLCED SELTION 5UBS

%

Bif xS BOa o B BOX x 1N 21 5 PN

Friction welded with upset pipe body annealed and machined




Bending
(While Rotation)

Drill pipe is the most stressed component of rotary equipment!!! Reversal Stresses

Tension Torque

Tooljoint/ Y
PIPE i d
BODY {l

E{Nmﬂwja FAILURE [ffiiiT

¢ WEIGHT
OF STRING
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MNeurtral Point

Drill Pipe
Meutral Point
Crill Colliar

uoIsua]

_l.
AALONUNSUNSE NN BN

AN AN N O LS LN L PO PN

-

— P

uoIsu?) uo1sdadurod

Buckling of Drillpipe under Compressional Load!




Flor-Wag
Collar

| Stahilizer
"

WADND
R Wik ot

MWDLYWD Operabons
& Suppliers

Collar SIZes

T L T

Coract Gymdsta or
wour WD suppller
far more

Jrarrmaticr

J | Siahiliza

Funs with Most
Molirs sl Roakany
Steprabie. Senines

Matar

3 Ha<in, HWIP x 3

Uppar DS sub

3 Mz-in. drill collars

\ Varied drill collar and HWDP
combinations

A Wa-in. drill coflars

String stabilfizer

& fa-in. drill collar

String stabifizer

Lower DOS sub and MWD

Adjestzable gauge stabifizer

Near hit stabilizer

6.'/ain. POEC bit




Standpipe

Kelly hose
Mud pump  Discharge line Mixing hopper

Suction line
Mud pits
Shale shaker

Flow line

Swivel

Kelly

Drill pipe

Drill collar

Bit
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Treated Fluid to the Well
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Removal Section Additions Section
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>
Mud coming out of hole
(béneath shaker screens)
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Major Functions:
* Bottomhole Cleaning
e Cuttings Transport
* Borehole Wall Support
* Balancing Formation Pressure
* Cooling the Bit

& « Hydraulic Power Transmission
e Data transmission (MWD)

* Reducing Friction

e Corrosion Protection
 Scientific Information Carrier




Typical Operating Parameters:

max pressure: 35 Mpa

ke 17%%=3500 I/min
e 12 %% =2 500 I/min
8 15 =1 500 I/min
6* = 600 1/min

heavyweight rigs =>
2 pumps 1 200kW

lightweight rigs =>
2 pumps 600 kW




Typical Operating Parameters:

o al

Triplex Tyvpe Pump

mps 1 200kW

umps 600 kW




| Hoisting <: Put Weight on the Bit/
| System Handling the Drillstring

Circulate Fluid/

1| Pumping/Circulation
Solids Contol

1 System

Rotating | *— Rotate the Bit

System
M

Y

Power Supply

Drillpipe

Dirill collars

Circulaticon
Drilling bit
Rotation

woes




Fast Line

crown block

derrick/ mast

drilling line

travelling block
with hook

drawworks

deadline anchor |
(where hookload is '““f‘““{:g'li;n-‘-
measured)

WIRE ROPE
DRILLING




Drilling line work
Is the product of the load

: B times the distance travelled
Line \/ :

Traveling _
Block i

Draw Works

/ Storag Ree/l

(b) Free body diagram
of traveling block.

(@) Arrangement and nomenclature
of block and tackle.

(c) Free body diagram
of crown block.



Structural tower assembled/
' dismantled piece by piece

Assembling/
dismantling 1s time consuming

Used mainly offshore

Square shaped rig floor




A-shaped structure which can
be pulled or lowered to a
| upright position by the |
drawworks without completely ﬁ
assembling or disassembling

Good mobility

Used mainly with onshore rigs




Advantages of Gear Driven
Drawworks:

* high performance
* high availability

* less noise

* less vibration

* increased safety




Drilling e

Swival

_Elevator

Master bushing




Drilling e

Master bushing




TOP DRIVE means a Power Swivel which
directly turns the drillstring without need
for a kelly and rotary table

.r'r, Advantages of a Top Drive Systém:
I > drill string can be pulled out while

‘ 3 4 rotating and circulating — Back Reaming
/ b i _ _ m"’ ‘ > can be reconnected to the drill string at

\ any mast height during tripping
L By » drilling with 3-joint stands of drill pipe
S §  is possible
» with hydraulic driven power swivel
static torque can be applied for much
longer time
LA SIS T R
| Save time!!!
Safer and easier operation!!!

. ’ﬂ- J : Jl% F
- ” TR




TOP DRIVE means a Power Swivel which
directly turns the drillstring wit
for a kelly and rotary table

VAN A




43000

RESERVE PIT AREA

-

MUD TREATMENT CONT AINER

MUD MIX CONTAINER ACTIVE MUD CONTAINER

MUD FUMP & (OPT.] MUD PUMP 3 10PT.] MUDPUMP 2 MUDPUMF

POWER UNIT CONT AINER

ATH CONTAINER

i)
DRAWWORKS

BASE CONTAINER

DRILLER'S CABIN / WATER

!

|
ol
-t

FIPE HANDLER

BOF CONTAINER

I

GENERATOR CONTAINER 2

MAXIMUM CONFIGURATION

GEMERAT DR CONTAINER 1

ACCUMULATOR CONTAINER

5

PIPE RALKS

5

OUTLINE DURING RIG UP

83000
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Classification by Depth Rating:

» lightweight rigs: 1 500 — 2 000 m

» intermediate rigs: 3 500 m

» heavyweight rigs: 6 000 m (1}

> ultraheavy rigs: 8 000 — 10 000 m [[{#l | Classification by Horsepower:

" Rule of Thumb:
hl every 100 ft (30,5 m) of borehole
| n’ !n gﬂ - requires 10 HP (7,5 kW) at
v i) M\ ~ drawworks

-~ > lightweight rigs : 650 HP (484,7 kW) v1
> intermediate rigs : 1 300 HP (969,4 kW) k|
> heavyweight rigs : 2 000 HP (1491 kW) Ei’
> uliraheavy rigs : 3 000 HP (2 237 kW) Y

2= -:-.' > i

——




OIL DRILLING
DRILLING COMPANY SERVICES

CONTRACTOR (Wall Oparator]) COMPANIES

| | | | 1
ACCOUNTING RIG DESIGN & ACCOUNTING RESERVOIR LAND
DEPARTMENT MAINTENANCE DEPARTMENT ENGINEERING DEPARTMENT

DRILLING DRILLING
FLUIDS CEMENTS

DRILLING FORMATION PRODUCTION
SUPERINTENDENT EVALUATION| |OPERATIONS| |cuciNEERING

WELL FORMATION
MONITORING EVALUATION

DRILLING

SUPERINTENDENT DIRECTIONAL WELL
DRILLING CASING

DRILLING
ENGINEERING GEOLOGY
y A
/ DRILLING WELL
BITS COMPLETION
EQUIPMENT

TOOL | COMPANY

& PUSHER REPRESENTATIVE

OTHER RIGS OTHER WELLS BLOWOUT
UNDER

IN PROGRESS PREVENTION
—
CONTRACT ORILLER

: l FIELD
REPRESENTATIVES
DERRICKMAN | | ROTARY

HELPERS
RIG CREW




Operator pays the contractor a stipulated amount for each
foot or meter drilled regardless of how long it takes the
contractor to drill it. Contractor assumes many of the risks
of drilling

Footage Contracts

Operator pays a stipulated amount per hour based on
the work the rig and crew are doing

*Drilling time

«Standby Time (Logging, Testing, etc)

Daywork Contracts

Combination
Contracts "

R . 1 VR e

Operator pays an agreed-on amount when the

contractor completes the well. Contractor furhishes all

equipment, material and personnel to drill the well.

Contractor controls the entire drilling operation with

little or no supervision. Contractor assumes all the risks

and adjusts the price charged to reflect these risks.

Operator benefits by not assuming any risks.

Combination of Footage and Dayrate Contracts

Turnkey Contracts
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