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Salt dome doliing
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Preventing Hole Deviation
Limiting Crookedness %

(Dog Leg Severity)

Dogleg
Abrupt Change |
Of Inclination/Azi Maximum ceviation

Measured dapah _-...__.-" i True wartical daptn (TWD] :
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CEMENT PLUG

FISH LOST IN ™, SIDETRACKED HOLE ARJUMD FISH
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Buildup

Stabilized

phase
Radius of

Curvature

= Buildup Rate

Stabilized
 J phase
True Vertical Depth

TVD




Long
Radius

Medium
Radius

Intermediate

Radius

Short
Radius

Classification

Build
Rate
(°/100 ft)

Radius
(ft)

Long

2to8

2865 to 716

Medium

8 to 30

716 to 191

Intermediate

30 to 60

191 to 95

Short

60 to 200

95 to 28

100 ft = 30,48 m




Inclination 1
Azimuth A1
Measured Depth
MD1

Point 1 1

D\ Vert.

A Wellbore Course is a Curve in 3D-Space / ‘

3D-Curve is determined by 3 Coordinates
X= West-East

Y= South-North

Z= Vertical Depth

Coordinates must be determined from
Measurements between 2 Points of the Hole

A\ MD Az

I[2
Point 2

Inclination |2

Azimuth A2
Measured Depth
MD2




Soft formation

Hard formation
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w yz'at yibuel (epoy

wes'yl

D& (chrection and inclination)
DTOR (dowrihois torgue)

I
l«——»| 25 om (3-7/8")

Saver sub

Mud channel

—— MV {threo axes shocks)
—— DOWOB jdownhole waight on bit)

—— Receivers

| ——"

|_— Modulator (mud pulsa)

|-—r| 16.5 cm (6-1/2")

Float sub/bit sub
Miil tooth tricone bit

Power pulse




Equilibrium of Forces at Bit — Cartwheel Analogy

Point of Tangency




Influence of Formation Anisotropy

Situation without 2
Formation Influence — - Basic Assumption

Formations have higher

drillability perpendicular to
the bedding plane than parallel [
toit




Equilibrium Angle dependent on Foliation Dip
Angle, Factor of Anisotropy and WOB

e
=
-
L
=
O
LLI
[ Fa—
o
Q2
(@)
=
<C

25°4

0°

Anisotropy Factor (h)

h = (ROP.- ROPy)
= ROP1

h = 0.01

© 30°  60°  90°
Dip Angle of the Foliation

00

Weight on Bit

£

30° 60°  90°
Dip Angle of the Foliation

Calculated for 6“-Borehole




BHA=Assembly of Drill Collars and Stabilizers

k—zomsoﬁ + 10t020ft—+—5to10ﬁ—~|

Stabilizer

Packed (Angle-Holding) Assembly

)

20 to 30 ft + 30t090ft—+‘

Pendulum (Angle-Dropping) Assembly

3to8ft

Fulcrum (Angle-Building) Assembly




ROTATING BLADE NON- REAMER
ROTATING

Spiral Straight

Short Short Long

|

1 N ]
| {: | i
BRI




5/8-in. UG 3/16-in. UG

Holding [ ‘;%
Angle —
X 3 Points Defining £

Borehole Curvature

Adjustable Stabilizer First Stabilizer 7

: First Stabilizer
Ad
]u:tr?lefllajglhm 3/16-in. UG
/:_________.-——--—

/—'_“-.._

ya
Buiding (— [

Angle

Adjustable Stabilizer "
Full Gauge First Stabilizer

3/16-in. UG
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Paositive Displacement Motor (PDM)

Stabilizer

I
\
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L3
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Characteristics of PDM
Low — Medium RPM
High Torque

|Ideal for Roller Cone Bits

Characteristics of Turbines
High RPM
Ideal for Diamond Bits

Tur
1

bine Type Motor
|

Bearing syste
i=ks:

Stator

Drive stage:

Stator

Raotor

Housing

Shaft

Lower
bearing

=
—————




Adjustable
Bent Housing

Bearing Pack
Driveshaft
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7-3/4" DIRECTIONAL TURBODRILL

19'4" LENGTH

500 GAL/MIN FLOW RATE

10 LB/GAL MUD

Power and Rotational Speed
slow down when high torque is required

Stalling Torque

1500

Rotational Speed—




Motor Steering System MSS-6-12 with
DIMA and Bent Sub for Directional Drilling

Downhole
Motor

L
4
L
{
‘
4
1
b
»
|

Steering Rib

.. —
ot
[ e ]

Drill Bit

Stabilizer Pad
{exchangeable)

Stabilizer

Flexible Non-Magnetic
Drill Collar

Magnetometer (MA)

Bent Sub

Mud Pulser

Drift Indicator (DI)




Cased hole

Downhole motor
and bent sub

Diamond
sidetracking bit

Cement plug

Open hole
-

|
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