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• Geothermal reservoirs are found at depths ranging from 2,000 to
10,000 m and are accessed by drilling boreholes with hole depth
to hole diameter ratio greater than 10,000:1

• Drilling occurs through a varied geological environment
• Well paths are preplanned and may be nonvertical, inducing

frictional contacts with the wellbore wall

INTRODUCTION LITERATURE

MATHEMATICAL MODEL

• On-bottom stick-slip oscillations are due to the regenerative effect
in the bit-rock interaction – Aarsnes and van de Wouw, 2018b;
Detournay and Defourny, 1992; Richard et al., 2004

• Off-bottom stick-slip oscillations due to the negative difference
between static and kinetic along-string Coulomb-type friction -
Brett et al., 1989; Halsey et al., 1986; Zhao et al., 2016

• The drillstring model developed by Aarsnes and Aamo, 2016 is a
distributed drillstring model that considers bit off-bottom stick-slip
oscillations and has been field validated

• Distributed model characterizes stick-slip oscillations as caused by
Coulomb friction induced side forces - Aarsnes and Aamo, 2016;
Aarsnes and van de Wouw, 2018a; Aarsnes and Shor, 2018a

• Distributed model by Aarsnes and Aamo, 2016 can be easily
applied to long wells and captures higher modes resulting from a
wide range of frequencies to represent the dynamics of the
system

• Drilling frequently coincides with unwanted vibrations, which are
reduce drilling efficiency and cause tool failure.

• Vibrations are characterized as: Axial, Torsional, Lateral
• Torsional oscillations, often referred to as ‘stick-slip’ oscillations
‘Stick-slip’ oscillations occur due to a series of stop (stick) and
release (slip) events of the bit in conjunction with constant
rotation at surface

• Stick-slip oscillations occur with bit on-bottom and bit off-bottom

NEED FOR THE MODEL

Assumptions

• Torsional motion is the dominant dynamic
• Static and kinetic friction is modeled as a jump i.e., the Stribeck

curve is assumed negligible
• Effect of along-string cuttings distribution is assumed constant and

homogeneous
• Effect of the pressure differential, inside and outside the drill string,

on the bending moment is not represented and is assumed to be
negligible

• Field validated distributed model
• Off – bottom – Aarsnes (2016, 2018)
• On – bottom – Detournay (2002)

• Model – 1–D wave equation with a soft-sensor
• Soft sensor advantage – input: surface measurements; output: friction coefficients, downhole rpm and torque, bit-rock interaction

parameters

RPMs, τs, ROP, WOB, Flow 
rate, Differential pressure

RPMbit, τbit, μs, μk, Bit-rock 
interaction parameters
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• Bit-torque as function of weight-on-bit and the depth-of-cut.
• Evolution of 𝛼1 and 𝛼2 – bit wear and/or damage, formation

change
• Absence of the hydraulics model – multiple solutions for the bit-

rock interaction parameters.
• Bit-rock interaction parameters – monitoring and optimizing

CONCLUSIONS

• Axial and hydraulic couplings
• Role of bit wear on parameters in 
𝛼1 and 𝛼2

• Physics-based models for bit 
torque

FUTURE WORK


