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Overview

1. Main Lines of Research and Applications

– Previous work

– Main features of our technology

2. Application 1: Tri-Axial Induction Instruments (M. J. Nam)

3. Application 2: Dual-Laterolog Instruments (M. J. Nam)

4. Multi-Physics Inversion (D. Pardo)

5. Sonic Instruments (L. Demkowicz)

Presentation at KIGAM (M. J. Nam, D. Pardo, C. Torres-Verdín)
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Outline

•Introduction to Tri-Axial Induction

•Method

•Numerical Results:

–Verification of 3D Method for Tri-Axial 
Induction Tool

–Dipping, Invaded, Anisotropic Formations

•Conclusions

Presentation at KIGAM (M. J. Nam, D. Pardo, C. Torres-Verdín)
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Tri-Axial Induction Tool

θ: dip angle

α: tool orientation angle

L = 1.016 m (40 In.)

Operating frequency: 20 kHz

Hxy

Presentation at KIGAM (M. J. Nam, D. Pardo, C. Torres-Verdín)
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3D Source Implementation

0( ) ( )f φ δ φ φ= −

2. Delta Function for 3D source Mx or My

φ0: the position of the center of the peak 
( 0° for Mx; 90° for My )

Gibb’s Phenomenon

1. Solenoidal Coil (Jφ) for Mz

becoming a 2D source in (ρ, φ, z)
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3D Source and Receiver (Delta Functions)
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Method

Combination of:

1. A Self-Adaptive Goal-Oriented hp-FEM

for AC problems

2. A Fourier Series Expansion

in a Non-Orthogonal System of Coordinates

3. Parallel Implementation

Presentation at KIGAM (M. J. Nam, D. Pardo, C. Torres-Verdín)
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Verification of 2.5D Simulation (Hxx= Hyy)
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em1D: K. H. Lee 1984, pers. comm.

Converged solutions
with 3 Fourier modes
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Verification of 2.5D Simulation (Hzz)
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em1d
hp with 1 mode
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Verification of 2.5D Simulation (Hxy= Hyx)
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Verification of 2.5D Simulation (Hxz= Hzx)
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Verification of 3D Simulation (Hxx= Hyy)

Dip angle: 60 degrees

Converged solutions
with 9 Fourier mode
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Verification of 3D Simulation (Hzz)

Dip angle: 60 degrees

Converged solutions
with 5 Fourier mode
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Description of the Tri-Axial Tool

Operating frequency: 20 kHz

105 ohm-m

Presentation at KIGAM (M. J. Nam, D. Pardo, C. Torres-Verdín)
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Verification of 2.5D Simulation (Hxx)

Relative errors of tri-axial induction solutions
with respect to the solution with 9 Fourier modes
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Verification of 3D Simulation (Hxx)

θ = 60 degrees

Relative errors of tri-axial Induction solutions
with respect to the solution for the vertical well
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Model for Numerical Experiments

Five layers: 100, 0.05, 10000, 1
and 20 ohm-m from top to bottom

Borehole: 0.1 m in radius
100 ohm-m in resistivity

Invasion in the third and fourth layers

θ = 0, 30 and 60 degrees

Anisotropy in the second and 
fourth layers

Presentation at KIGAM (M. J. Nam, D. Pardo, C. Torres-Verdín)
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Convergence History of Hxx in Vertical Well
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Converged solutions
with 5 Fourier modes
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Convergence History of Hxx in Deviated Well

θ = 60 degrees

Converged solutions
with 9 Fourier modes-0.1 -0.05 0
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Deviated Wells (0, 30 & 60 degrees)
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Dip angle has larger effects
on tri-axial tools
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Deviated Wells (0, 30 & 60 degrees)
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Hzz in Deviated Wells with Invasion (Im.)

Shallow invasion
with R = 0.1 m
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θ = 60, 30 & 0 degrees
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Effects of anisotropy increase
with increasing dip angle
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Conclusions

•We successfully simulated 3D tri-axial induction 
measurements by combining the use of a Fourier series 
expansion in a non-orthogonal system of coordinates with a 
2D high-order, self-adaptive hp finite-element method.

•Dip angle effects on tri-axial tools are larger than on more 
traditional induction logging instruments.

•Anisotropy effects on Hxx and Hyy decrease with  increasing 
dip angle, while those on Hzz increase.

•Hxx at 20 kHz exhibits smaller variations than at 2 MHz.
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Overview

1. Main Lines of Research and Applications

– Previous work

– Main features of our technology

2. Application 1: Tri-Axial Induction Instruments (M. J. Nam)

3. Application 2: Dual-Laterolog Instruments (M. J. Nam)

4. Multi-Physics Inversion (D. Pardo)

5. Sonic Instruments (L. Demkowicz)
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Outline

•Introduction to Dual Laterolog

•Previous Work

•Method

•Numerical Results:

– Groningen Effects on AC DLL

– Dipping, Invaded, Anisotropic Formations (DC) 

– Eccentricity (DC)

•Conclusions
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Dual Laterolog (DLL)

• Determination of Intensities (Wj)
of Bucking Currents

Focusing Conditions

1 2

1' 2'

( ) ( )
( ) ( )

V M V M
V M V M

=
=
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Summary from Last Year
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Summary from Last Year

The resistivities and radial lengths
of electrode and mandrel.   

What we modeled in simulating the DLL tool

The vertical dimensions and locations of each electrode:
We followed the vertical tool configuration of a commercial tool
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Method for Simulating AC DLL Measurements

Combination of:

1. A Self-Adaptive Goal-Oriented hp-FEM

for AC problems

2. Embedded Post-Processing Method (EPPM)

3. Parallel Implementation
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Simulating AC DLL Measurements 1

Introducing in the AC formulation a source equivalent to ∇·J

To avoid simulating the inner wiring system!!

Main challenges when simulating AC DLL measurements 1:
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Simulating AC DLL Measurements 1
Main challenges when simulating AC DLL measurements 1:
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Governing equation Variational formulation
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Simulating AC DLL Measurements 1
Main challenges when simulating AC DLL measurements 1:

Final AC variational formulations we use:
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Governing equation Variational formulation
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Simulating AC DLL Measurements 2

Simulation of current return at earth surface

1. No current return results in no Groningen effects.

(Numerical results will be shown)

2. We have to simulate the earth surface.

Our computing domain is larger than

2 km in the vertical direction.

Main challenges when simulating AC DLL measurements 2:
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Simulating AC DLL Measurements 2
Main challenges when simulating AC DLL measurements 2:
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Groningen Effects on LLd at 100 Hz (I)

10
-1

10
0

10
1

10
2

10
3

10
4

-30

-15

0

15

30

45

60

80

← The earth surface is at  z = -2 km
B (if exists): at  ρ = 1 m, 1 m below the surface

Groningen Effects on LLd at 100 Hz Depending on B

Apparent Resistivity  z (Ω-m)

R
el

at
iv

e 
D

ep
th

 (m
)

 

 

C
as

in
g

With B
Without B
DC

No B:

No Groningen effects

10−7 ohm-m 

1 m 2 km

Thickness: 1 cm

Presentation at KIGAM (M. J. Nam, D. Pardo, C. Torres-Verdín)



8th Annual Formation Evaluation Consortium Meeting, 2008

54

Groningen Effects on LLd at 100 Hz (II)
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Groningen Effects on LLd at 100 Hz (III)

10
-1

10
0

10
1

10
2

10
3

10
4

-30

-15

0

15

30

45

60

80

← The earth surface is at  z  = -2 km 
B: 1 m below the surface, at  ρ = 1 m or  ρ = 200 m

Comparison of Groningen Effects on LLd at 100 Hz

Apparent Resistivity (Ω-m)

R
el

at
iv

e 
D

ep
th

  z
  (

m
)

 

 

C
as

in
g

B at  ρ = 1 m
B at  ρ = 200 m

Further B in the ρ direction:

10−7 ohm-m 

1 m or 200 m 2 km

smaller Groningen effects

Thickness: 1 cm

Presentation at KIGAM (M. J. Nam, D. Pardo, C. Torres-Verdín)



8th Annual Formation Evaluation Consortium Meeting, 2008

56

Groningen Effects on LLd at 100 Hz (IV)
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Invaded Anisotropic Formation (DC DLL)

60 degree deviated Well
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Conclusions

•We successfully simulated AC DLL measurements by explicitly 
incorporating the term ∇·J for non-zero frequency Maxwell’s 
equations.

•The simulation employed a high-order self-adaptive hp finite-
element method with an embedded post-processing 
technique. 

•Numerical experiments indicate that the inclusion of a current 
return electrode is critical to simulate Groningen effects. 

•Groningen effects decrease as the current return is placed 
farther away from either the logging points or the borehole.

Presentation at KIGAM (M. J. Nam, D. Pardo, C. Torres-Verdín)



8th Annual Formation Evaluation Consortium Meeting, 2008

62

Acknowledgements
Sponsors of UT Austin’s consortium on Formation Evaluation:


