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Aspen property

Leismer

Aspen
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• Too viscous for conventional 

recovery

• Too deep to mine

Steam-assisted gravity drainage

Peacock et al (2010)

→ Steam-assisted gravity drainage
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• Steam decreases resistivity

Electrical resistivity

Peacock et al (2010)

Resistive Conductive
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Electrical resistivity
Variable

• Steam decreases resistivity

• Quaternary, Grand Rapids Fm

– Variable resistivity

• Clearwater Fm

– Conductive

• McMurray Fm

– Resistive Resistive Conductive
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• Channels and incisions in 

Quaternary deposits

• Depth, thickness, and integrity of the 

Clearwater Formation

• Oil quality of McMurray Formation

• Possible salt and dissolution at 

Devonian unconformity

Geologic questions

Physical property contrasts → EM
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• Transmitter

– Inductive or galvanic

– Surface or borehole

– Frequency or time domain

Electromagnetics

Transmitter
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• Transmitter

– Inductive or galvanic

– Surface or borehole

– Frequency or time domain

• Receivers

– Electric and/or magnetic field

– Surface or borehole

Electromagnetics

Transmitter

Receiver

→ How and when to apply EM to Aspen?



slide 10
SEG Annual Meeting

October 19, 2016

Large to small

Large airborne

Local airborne

Local surface EM

Monitoring surface/borehole EM
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Model from borehole data



slide 12
SEG Annual Meeting

October 19, 2016

Airborne EM

• Provide detailed structural information

• Significantly less expensive than seismic

• May be limited in depth depending on structures

• VTEM

– 9 x 12 km survey region

– 100 m line spacing

– 428,340 transmitters x 44 time channels

– 18.9 million data: 𝜕𝐵𝑧/𝜕𝑡
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Laterally-constrained 1D

• Downsampled to 5,772 data locations

• Invert using laterally-constrained 1D approach
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Laterally-constrained 1D

• Inversion provides pseudo-3D model

• Plan-view section at 465 m 

– ~40-100 m below the surface

• Channel-like resistive unit in the centre

• More conductive regions to the NW and SE.

• Focus region outlined
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Laterally-constrained 1D

• Cross-sections at three northing values

– Vertical exaggeration to show resistivity 

variations with depth
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Laterally-constrained 1D

• Cross-sections at three northing values

– Vertical exaggeration to show resistivity 

variations with depth

• Resistive, incising channel
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Laterally-constrained 1D

• Cross-sections at three northing values

– Vertical exaggeration to show resistivity 

variations with depth

• Interpretation based on transitional resistivity 

values

– Indicate tops of Grand Rapids, Clearwater, 

and McMurray Formation
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Laterally-constrained 1D

• Created geo model using 

surfaces from borehole logging

• Great match!
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Laterally-constrained 1D

• Map top of McMurray Formation

– From pseudo-3D model

• Comparison to structure map 

from borehole data

– Imperial AER SAGD application

• Many structural similarities and 

similar elevations
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• Large-scale pseudo-3D model provides 

regional geology

• Limited information below McMurray Top

• So…

– Smaller, focus region for SAGD

– Invert in 3D

– Surface EM survey to recover reservoir

– Surface + borehole monitoring survey

So far…
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• Invert data in 3D

– Increased data density

Local-scale VTEM 3D inversion
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• Invert data in 3D

– Increased data density

• Add semi-synthetic McMurray Formation 

and Devonian basement 

– Using the well log data

Add reservoir
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• Invert data in 3D

– Increased data density

• Add semi-synthetic McMurray Formation 

and Devonian basement 

– Using the well log data

• Use surface survey:

– Large loop transmitter 

– E and H receivers

Focus region
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EM surface survey
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• Add synthetic steam chambers to model

– Irregular shape and growth

EM monitoring survey
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• Add synthetic steam chambers to model

– Irregular shape and growth

• Design monitoring survey

– Based on previous research

– Multiple surface TX to excite subsurface

– Borehole receivers measure 𝐸𝑧 only

• Can withstand high temperature environments 

for multiple years

EM monitoring survey
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• Airborne EM

– Quickly collect large-scale data

– Recover regional geology through inversion

– Map channels and aquifers

• Ground-based EM

– Recover reservoir and Devonian

– Provide background model

• Monitoring EM

– Recover irregularly shaped steam chambers

– High resolution

Summary
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• Constrained inversion

– Using borehole tops

– Using resistivity logging

• EM for remediation

– Delineate changes in channels/aquifers

– Identify cap rock changes

– Provide insight into cap rock integrity over 

time and any effects of high 

temperature/pressure

– Monitor reservoir changes after SAGD 

completion

Future work
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Thank you!

Questions?

Acknowledgements

em.geosci.xyz 

→ Case Histories


