
Directional Drilling Techniques 
= Part-3 = 

 



California oil rush 



Today‘s major application 

Enabler for offshore oil & gas field development + 33% world production 



Grundlagen der 
Richtbohrtechnik 

Basic terms in Directional Drilling 



Borehole deviation 



Hole inclination (from vertical) 



Hole Orientation (to North) 

Angle of horizontally projected borehole section to geographic or magnetic North 
(called: Azimuth, Bearing angle, Hole direction, etc.) 



Curvatures in Directional Drilling 



Dir. Drilling Force Diagram 

Borehole 

Side force at 
the bit 

Resultant bit force 
 

Borehole axis Formation 
Anisotropy 
 

Deflection angle 
at the bit face 

Side force at 
the stabilizer 

Compr. force from 
the BHA weight 



Birth of Directional Drilling 
Casing Whipstock for Sidetracks 



Sliding kick-off motors 

Large bit offset     Large bit offset     

Small bit offset     



Steerable Systems 

Rotary Tangent 
drilling     

Oriented kick-off 
drilling     



3-Point Geometry 

R R 
Bit tilt  
Angle α 



Planning the Hole Curvature 
(Dogleg) 

Section between 2 surveys (x = 100 ft) 
Inclination difference (β = α1 − α2) 

(Dogleg) 



Simulation of the Dir.Drilling 
System 

Diameter of 
1st stabilisator 

Distance bit to 1st stabilisator 

Distance 1st stabilisator to bend 

Distance bend to 2nd stabilisator 

Diameter of 
2nd stabilisator 

Bend angle (δ) 
δ 



Directional coordinate calculation 

∆ Lat 



Datenübertragung im 
Bohrloch 

Data telemetry in the borehole 



Inclination, Direction, Toolface 
Annulus, DP internal, Delta-p at the bit 

Borehole diameter, logging tool excentricity  
Rock mechanical properties 

Pore volume, moile nd inmobile reservoir fluids 



Beginning of downhole Directional 
Data Recording – Photo Tools 



Electronic Recording & Steering Tools 



Measurement-while-drilling - today‘s 
downhole directional packages (MWD) 

Drill rig 

      Drill bit         

Downhole electronic package  
and mud pulser for data telemetry 

Magnetometer compass for 
detection of magnetic North 

Pendulum accelerometers for 
detection of the gravity vector 



Data Telemetry Hardware 



Mud pulse data telemetry systems 

Positive Pulse Negative Pulse 

Frequency telemetry method Electromagnetic telemetry method 



Generation of Mud Pulses 



Pump Pressure Spectrum 



Drilling Noise superimposed Data 



Signal Quality Improvement 

Unfiltered downhole signal 

Filtered downhole signal 



Logging-while-Drilling (LWD) 
geophysical wireline equiv. logging 



Rotary Steering Systems 



BHA behaviour by stabilization 
Holding Assembly                  Drop Assembly           Buildup Assembly   



Variable gauge 2nd stabilizers 

2 or 3 setting options for: 
•Building angle 
•Holding angle 
•Dropping angle 



Comparison of drilling performance 

Steerable motor 
in R-mode 

Steerable motor 
in O-mode 



Haker Hughes INTEQ - Autotrak 



Haker Hughes INTEQ - Autotrak 

Rotary Steering Systems with 
communication from downhole to 
the surface without interruption of 
the drilling process 
 



Haker Hughes INTEQ - Autotrak 



Value creation by RSS – Troll/N 

• Placement of branched horizontal 
wells in thin production layers 
 

• Continuous growth in horizontal 
well section inside the reservoir 



Extreme steerability and flexibility 



PDC bit improvement by RSS 

Record Bit Run      
      787 m 

Record Bit Run      
      4096 m 



Motor assisted RSS for high drilling 
performance 



RSS exceptional drilling 
performance in 8 ½“ hole 



Schlumberger: PowerDrive 
(former CAMCO tool) 



Schlumberger PowerDrive  
(point the bit) 

Functional Concept: 
Deflection of the  
Bit Drive Shaft 



Halliburton GeoPilot 



Halliburton (Sperry) EZ-Pilot 

• Low-cost RSS 
 

• Sleeve orientation via gravity 
vector 
 

• Orientation of the excenter 
sleeve by means of a battery 
powered electro-motor 
 



Nobel Drilling – Well Director 
4 Steering Ribs 
 
Same inventors as the 
one for  the 1st 
generation AutoTrack 
 
No rental services, only 
sale of tools 
 
Limited success in the 
field (CND) 
 
Downlink is the bypass 
mud flow 
 
Rib actuation hydraulicly 



RSS: Market share 2004 



Vertiklabohrsysteme 

Vertical Steerable Systems (VSS) 



Design Application 



Principle design of a VSS 

High Power 
Motor section 

Steel 



Principle design of a VSS 

High Power 
Motor section 



Principle design of a VSS 

Steering 
Head 



Principle design of a VSS 



Test run – USA-Land 
• Formation dip was 20° - 35° 
 

• Typically high drag loads, especially 
in adjacent rotary sections 
 

• Result: 
   - the plan was for 10 drilling days,  
     actual was 7 drilling days 
 
   - no reaming runs required, very  
     little drag loads 
 
   - average dogleg was 0,11°/100ft 
 
   - saving of 125.000 US$ against        
     original budget plan 



Result: USA – Land  

Section drilled in 9 days, 
14 days faster than planned 



Why VSS? 



Fatigue reduction of drill pipe 

ROTARY VSS 



Superior borehole shape 



Improved well planning 



Reduced borehole drag forces 



Thank You! 

Q‘s please …. 
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