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Introduction

ÅWhat is 4D AVO Inversion?

ÅEstimation of changesin elastic properties from surface seismic
ÅAcoustic impedance, shear impedance, Vp/Vsand density

ÅQuantitative measurement of reservoir changes in terms of elastic and 
reservoir properties

ÅWhy is it Important?

ÅEnhanced decision making based on quantitative results

ÅChanges in actualreservoir parameters corresponding to changes in fluids, 
pressures and temperatures
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Study Area and Overview
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ÅSteam assisted gravity drainage (SAGD) 
operations in McMurray formation

ÅPermanent buried geophones installed 
designed to allow year-round monitoring of 
operations.
ÅBaseline survey acquired in 2006 prior to 

permanent geophone installation.
ÅMonitor survey acquired in 2015 after 

approximately 6 months of steam injection. Little-
no production had taken place.

ÅSurvey info
Å~1.54 km2

Å10m x 10m bin size

Å1ms sample rate

Å3 vertical wells over survey area with elastic and 
petro-physical logs.



Workflow

ÅCreate 4D rock physics model
ÅUse as basis for interpretation of 4D AVO inversion results.

ÅPre-condition seismic data
ÅReduce noise and match data between vintages while preserving the 4D changes due to 

steam injection and production.

Å4D Low-frequency modeling
ÅInvestigate effect of band-limited nature of seismic signal on 4D inversion results.

ÅUse time-shifts and rock physics analysis to create 4D low-frequency models.

Å4D AVO Inversion
ÅPerform simultaneous pre-stack AVO inversion of baseline and monitor surveys to map 

changes in elastic properties due to thermal heavy oil production
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Rock physics modeling
ÅConventional rock physics models are not appropriate for oil sands
ÅBitumen has a finite shear modulus

ÅStrategy 
ÅConsider bitumen as a third solid mineral in addition to quartz and clay

ÅRenormalize petrophysicallogs 
Å Matrix composed of quartz, clay and bitumen
Å 100 % water saturated porosity

ÅEstimate mineral end member properties for in-situ case
ÅReplace bitumen with fluids at operating pressures and temperatures

ÅNon-linear regression-based model that obeys physical bound theory and honourssingle 
and multi-mineral fluid substitution theoryinjection.
ÅConnects the elastic moduli of the rock with porosity, mineral fractions, mineral moduli and effective 

fluid moduli

ÅInvestigate production related changes in elastic properties caused by steam injection
ÅReplacement of bitumen with heated oil phase
ÅPresence of steam
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Rock physics modeling: Bulk Modulus
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Rock physics modeling: Shear Modulus
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Rock physics modeling: Observed Data
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Rock physics modeling: Modeled Data
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4D Rock physics model
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Seismic pre-conditioning

ÅTailored pre-conditioning workflow reduces noise while preserving change 
related to steam injection and production.
ÅWithout pre-conditioning, 4D anomalies due to differences in acquisition, processing 

and travel times are incorrectly identified as physical changes in the subsurface.

ÅWorkflow includes the following steps:
ÅExponential gain correction
ÅCorrect for time related differences in amplitude levels.

ÅSpectral matching
ÅStabilize spectra between vintages

ÅSeismic warping/alignment
ÅCorrect intra-vintage residual move-out and inter-vintage travel time and/or 

imaging differences.
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Seismic pre-conditioning: Warping displacement
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Seismic pre-conditioning: Before pre-conditioning
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