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Build Rate (degrees/100 ft, degrees/30 m)
12 18 24 30 &0 ! 150

Long Radius Medium Radius Short Radius

Conv. Rotary Specialty Motors

Articulated Motors

(Secondary Application) Probe (Primary Application)

Flexible (Primary Application)
Conventional - No Limit Composites

Pipe Rotation Premium - Limited Rotation

Conventional - No Restrictions

Completions Special

Project Specific

Motor Type Conventional Drilling Motors

Collar

Slide Drill - No Rotation

Radius (ft) NTS 2000 1000 600
Radius (m) 600 300 180




LY i [ I i r | - i I J. * W
Maximum Maximum Rotata EUEI?;F"S::QII]?.IIII:";T” h
Motor Size | Hole Size | Casing Size Motor Type Articulatad BUR Sliding BUR Rotary Below Curve Aotatian in La19|aIJ
(Degrae00 ft) {Dogree100 ft) (Deqrea100 ft)
K5 15"-434" 512 55" Short Badius Yos 143 MNA Mo MA
K1-3 341" 15" Shaort Badius Yos L MNA Mo MA
g ITE -4y 415" 5" M1XL Ultra (B3} Mo 3 137" hole) 30 Yes 12
40 (3%4" hole)
3" 3e"-435" 415" 5" M1XL Ultra (R4} No 1513%" hole 3 Yes [y
23 14%%" hole)
434" b6 G%6"-5" Short Badius Yes 143 MNA Mo MA
435" 5le"-E1E" 651" Short Radius (30 m} Yos T NA Yes 1w
434" HTa"-614" 651" M1X Ultra Mo 25 20 Yes iz
435" HTR"-614" GaE"-T" MITXL Ultra Mo 3 B Yes 25
4%" E'lr ||_E-!r,l4|| ﬁ%u_-lru ME P-le_ UI[ Ia ND H H ‘IrDE- 25

*Ahbility to rotate below the curva requiras projoct-specific evaluation, pramium tubulars and special rig-zite proceduras,

/Drie ntation Sub

Knuckle Joints

Motor Section

e s, o DTU/AKO
\Knucl-r.leJDints

Knuckle Joints
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o HEE 22|

19974E

o I N/K AL #E

1T 10km

o T AT T [H
KIWytch farm

it FEL A0 2 ) AL
115 i1 FH

Ranl

~ Harizontal

dizplacement, ft | depth, ft

33,182

26,445

22,368
22,180
21,490
21,288
20866
20,577
20,577
20,514
20,288
20,151
149 667
19,208
19,030

18,758

34 957

30,308

&
&

50
a0 500
27 241
28 743

24 442

5266
0554
5285
M,
M,
o147
NA
5243
M,
NA
2076

MA

5324
2845
MA

13,840

Operator

BP

Phillips

BP

Marsk Hydro
BP

Statoil

=18

BP

Morsk Hydro
Marsk Hydro
Amoco
Marsk Hydro
Maorsk Hydrno
Total Austral
Marsk Hydro
Marsk Hydro
BP

Statail

Marsk Hydro
BF

Well

M-11
Xijiang 24-3
M-05

3076 G-26
M-0g

338 C-2
M-03

M-02

3006 B-a4
a0/E C-17
SEER T-12
3174 A-BA
S0/0 B-30
ARA ST
a0/ B-6
S0/E C-244
M-06
83/9C-3
30/0 B-48

21 A3

Location

LIk, Whytch Farm
South China Sea
LK, Whtch Farm
Marth Sea

LI, Whtch Farm
Marth Sea

LK, Wytch Farm
LI, Whtch Farm
Marth Sea

Marth Sea

Marth Sea

Marth Sea

Maorth Sea

Tierra del Fuego, Arg.
Marth Sea

Marth Sea

LIk, Whtch Farm
Marth Sea

Maorth Sea

Marth Sea
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Collar rotation

Motor rotation
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Build azsembly Pendulum or drop assembly

“ Changing direction without a downhole maotor, Careful placement of stabilizers and drill collars
allow the directional driller to build angle feft! or drop angle dright) without a steerable EHA.
Generally, the placement and gauge of the stabilizeris) and flexibility of the intermediate
structure detarmine whether the assembly will build or drop.







j alg!
Azimuthal Densly _ CDR L

Neutontool | Compensated  Stabilzer MWD otk

Dual Resstivity " | taDizer
: tool Dawnhols Stesrable rotary
Density and welaht o bit diling tod
porasiy Dual resistvy, downhols torque,

gamma ray and multi-axis shocks and
annular pressurs directional information

[ Steerable rotary assembly. A BHA with a steerable rotary drilling tool was the primary directional system for most of the 12 Ligdn,
and Effzwm sections of Well M-11. The CDR tool was mcnrpumfed lnrn the BHA design during the latter part of the 121/sin. section to




PowerDrive 4134 #3255 1l T. A,




PowerDrive FHFR L] T HL

Disk valve =34 )@) G —

Rinft twum

The PowerDriv

rotary drilling s o lI E 5 :,\ } j

Turbine Steering actuator pad
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Control unit




|".-T-I"|1 TTI'I/

Controd shaft Digk valve - "|;|J |—- Actuator -
Jn ) 5

=i

Pushing the bit. Mud flow through a three-way disk valve actuates three external pads {tog) The pads
push against the borehole at the appropriate pointin each rotation to achieve the desired trajectory—
in this . turning right {top right}—and extend outward up to ¥ in. [1 cm]. The illustrations at the
bottom show the tool with the pads retracted (left) and extended (right).




PowerDrive A #4251l T

4= 1100 ft
i real-tima commuonications

471100 fi
real-time communication

8%A100 fe

short-hop probe real-time communications

O mur ations collar
interface suf)

Stabilizer Control unit  Bias umit
collar

= BHA configurations. The PowerDrive system can be run without a real-time communications system
(top), with real-time short-hop communications {middie) or with a short-hop extender that allows real-
time communications using a flex collar when a higher build rate is required (bottom).
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A top inter-connector is available for adding optional L'WD
measurements,

{ﬁ*/ Top Stabilizer

~ Alternator | Pulser Sub

Mon Rotating Sleeve with Steering Ribs

%" Feiuas ks




AutoTrake /sup> RCLS Mon-Rotating S5teerable Stabilizer

Rotating Drive Control electronics Non Rotating
Shaft & Inclination sensors  Steerable Stabiliser
Sleaya

Steering Ribs




Application of Bit Side Force

High Side High Side
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DOWN LOAD DATA

A new Ethermet communica
tion protocal alkows mgsite
nersonnel o download the

OnTrak memeony data at a

e = 1 'H | -  Bp— -
ate S0 times fastar than

with preqious MWL bools.




What Is The AutoTrak System?

e The AutoTrak Rotary Closed Loop Drilling
System iIs an integrated Drilling and Formation

Evaluation MWD system that provides precise
directional control with continuous drill string rotation.

@ 'he AutoTrak RCLS greatly improves performance and

hole quality in directional wells, especially in

Rsservoir Navigation- extended reach and

designer profile applications.




What Is The AutoTrak System?

e The AutoTrak RCLS can steer in any desired
direction as the drill string rotates.

® This increases rates of penetration, reduces
torque and drag, and improves well bore
quality.

e The tool downhole guidance system
automatically keeps the hole on the
programmed course. Well trajectory changes
are communicated to the tool from surface
using mud pulse telemetry

e This process, known as downlinking, assures
accurate well positioning while optimizing
overall drilling performance.




What Is The AutoTrak System?

e The AutoTrak RCLS combines the
benefits of a new steerable Rotary
Closed Loop drilling System (RCLS)
with recent advances in MWD
technology.

e The system includes multiple
propagation Resistivity()OMPR, dual
azimuthal gamma ray, directional and
near bit inclination measurements. So
AutoTrak RCLS can achieve superior
directional control and precise
wellbore placement to meet both
geologic and geometric objectives.




What Is The AutoTrak System?

e Bi-directional Communications and Power Module
INTEQ design engineers have separated the AutoTrak
system power and communication module, the Bi-
directional Communications and Power Module
(BCPM), from the OnTrak?measurement sub to
Improve system reliability and BHA configuration
flexibility.

e Downlink communication system does not disrupt
drilling ?allowing us to match changes in the
downhole environment by reprogramming the system
"on the fly" to optimize wellbore placement, ROP,
data rates and telemetry formats.




HOW AUTOTRAK WORKS

e Pistons operated by high pressure hydraulic fluid
exert controlled

e AutoTrak RCLS' internal micro-processing system
calculates how much pressure has to be applied to
each piston to obtain the desired toolface
orientation.

e The resulting force vector directs the assembly
along the desired trajectory.

e In determining the magnitude of the force applied
to the steering ribs, the system also takes into
account the dogleg limits for the current hole
selection.




Non-Rotating Steerable Stabilizer

e The bit drive shaft rotates through the
non- rotating, steerable stabilizer
sleeve, which is decoupled from
drillstring rotation.

e The stabilizer sleeve contains the near-
bit inclinometer, the steering control
electronics, and the hydraulic rib
control valves.




CASE HISTORIES

BP

Foinaven W41 - West of Shetland, UK
Harding A-25 - North Sea, UK

Harding Field IC4 - North Sea, UK

Harding Field IC5 - North Sea, UK
Harding Field PNE-1 - North Sea, UK
Mahogany MA12B02 - Trinidad, Caribbean
Miller Well A23 - North Sea, UK

Mirren Well 22/25b-7 - North Sea, UK
204/20 C16 - Schiehallion, UK

204/20-C17 - Schiehallion, UK

Transocean 204/20 C13 - Schiehallion, UK
Valhall FOA - Norway

Valhall Hole Enlargement - Norway



CASE HISTORIES

e Britannia Field 15/30-M9 North Sea, UK
e CACT Consortium (CNOOC/Agip/Chevron/Texaco)
HZ21-1-7-T6 - China
Britannia Operator Limited HZ32-2-9 - China
ChevronTexaco
Green Canyon Deepwater, Gulf of Mexico
Gulf of Mexico
North Platform, Alba North, UK
North Platform, Well A36, Alba North, UK
North Platform, Well A37, Alba North, UK
North Platform, Well A38, Alba North, UK
North Platform, Well A41, Alba North, UK
SL 340 - Blanche Bay, Gulf of Mexico




CASE HISTORIES

SL 340 - Blanche Bay, Gulf of Mexico
Conoco
15/23B-13 - Kappa, UK
15/24B-W6 - MacCulloch, UK
15/24B-W6 - MacCulloch, UK
CNOOC
SZ36-1-CF-1 - China, Bohai
Enterprise
Bijupira Field - BJ-Q, Brazil
Bijupira Field - BJ-T, Brazil
Bijupira Field - BJ-T Main, Brazil
Bijupira Field - BJ-Ux, Brazil







Wedlsite: M

185/=-in. casing

at 232 m MD
135/8-in. casing
at 1329 m MD

Oxford clay Kellaways Becs o '
orrbrashFaorest marti ;

hMercia mudstone

Sherwood sandstons

Aylesbere group /

ClGeologicel cross section. The world's longest extended-reach well has a stepout of 10,114 m and a total measured depth of 10,658 m.




20 s=ismic

SLIREY — 411z Trajectory

h-11y Sidetrack drifled

Stratigraphic dip
1% east

I Fault throw 7.6 m

| _
e ——
- —

M-11z 9688 m total measurad dapth

T
Sa0H) G 0,10 10,200

Horizontal departura, m

Clsidetrack cross section. When the original borehole (M-11z) reached 9 km, the well was sidetracked to access a better part of the reser-
voir. The sidetracked lower bore (M-11v) was cased and completfed, and the upper borehole left open. The tip of the well veers upward
to stay away from the cil-water contact and to penetrate additional formation layers for added geological information.
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Precise Well Placement With Rotary Steerable
Systems and Logging-While-Drilling
Measurements (Geosteering tool)

16/21¢-32z X 5 Vertical Exaggeration

projected
\ D Mey sand mmmm Shales penetrated
p . , in 32z
“ Silty unit

Planned well

L0040 i
Prognosed
*horizontal’
section




A “Dirilling up section™

“Drrilling down section™ Up density __—

Down density

Depth .

LWD density imaging
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Surfacs tomgus,

4000 00 L0010 10,000 11,000
Measured dapth, m

[ISurface torque during reservoir drilling. Modeling the actual surface torque in the 81/2-in.
sections of offset wells produced reasonable estimates of the expected torque at 10-km.
The predicied torque range at 10 km reaches the upper limit of the top-drive capacity.




[Hook load during slide drilling the 121/4-in. section of Well M-11. The hook load during
slide drilling followed the expected trend (parallel black lines) down to 6000 m meda-
sured depth. After this depth, there was considerable gain in hook load. Beyond 8000 m,
applying weight on bit during slide drilling was difficult, if not impossible. Drilling past
this measured depth therefore required rotation to overcome friction and callow weight fo
be transferred to the bit.




_lHook load and weight on bit in the 8!/2-in. section of Well M-11. During rotary drilling
the 8!/2-in. section, the hook load decreased slightly while still maintaining effective
weight on bil. Rotating the pipe lowered friction factors and helped keep the hole clean
to allow successful drilling past 10 km.




OTerque during rotary drilling of the 121/¢-in. section of Well M-11. The parallel lines
indicate the torque trend predicted for the M-11 121/4-in. section. The recorded surface
terque matched the prediction guite accurately.
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Measured depth, m
[Torque in the 81/2-in. section of Well M-11. Bit torque remained relatively stable
throughout the 81/2-in. reservoir section. The surface torque showed some fluctuation

but remained within the range predicted (parallel black lines) by torque and drag sim-
ulcators.
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=

13%e-in. casing at 1425 m

Hotation collar

9%/s-in. casing

Doubde float collar

Side-jatted float shoe

12Va-in. openhals to 8890 m

[Partially floated 9%8-in. casing. Casing flotation experiments on Wells M-03, M-08 and
M-09 proved the concept for the extreme test in Well M-11. The bottom section of casing,
containing dair, remeained neutrally buoyant to allow the casing fo slide more easily
along the well path. The mud-filled upper section provided the weight necessary to push
the enfire siring to bottom. Once the casing was landed, pump pressure was applied to
shear the plugs in the flotation collars and allow circulation.
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o EZME KM (Coiled tubing Tech.)
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Coiled Tubing(reeled tubing)
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Coiled Tubing(reeled tubing)

e Applications
Through-tubing re-entry
Conventional re-entry
Underbalanced drilling
Slimhole exploration

e Operation

Unit is automated and controlled using a PC-based
system with a graphical operator interface inside the
control cabin.

Operated by a multi-task crew
On-line directional drilling process




Coiled Tubing(reeled tubing)

e OPERATION

Monitoring of tubing fatigue and forces is on-
line
Second generation reel with the automatically

Controlled “parabolic loop system” (PLS)
significantly extends tubing life.

BHA, proven in over four years of coiled
tubing drilling, has sensors for directional,
gamma ray, pressure and weight on bit.

Process Control Cabin located at workfloor

for enhanced monitoring and safety
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