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• Review of Amplitude variations withReview of Amplitude variations with 
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Amplitude variations with frequencyAmplitude variations with frequency 

• Frequency dependent reflections in seismicFrequency dependent reflections in seismic 
field data have been associated with highly 
attenuative targets (Odebeatu et al 2006)attenuative targets (Odebeatu et al. 2006)

• Geologically, this may occur for a gas 
saturated reservoirsaturated reservoir

• AVF inversion presents an avenue of 
d i i b f kdetermining subsurface rock 
properties/reservoir characterization

3



Anelastic reflectivityAnelastic reflectivity

• Frequency dependentFrequency dependent 
reflection coefficient 
associated with a gas 
saturated target 
(Odebeatu et al. 2006)

• Our goal is to develop 
the means to extract 
target information fromtarget information from 
this type of variability
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Anelastic reflection coefficients

• Reflection Coefficient (R) in terms of vertical wavenumber

Anelastic reflection coefficients
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Use nearly constant Q model from Aki and Richards (2002)
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Use nearly constant Q model from Aki and Richards (2002)
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• Substitute (2) into (1) To obtain expression for anelastic
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• Substitute  (2) into (1) To obtain expression for anelastic
Reflection coefficients.
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Anelastic reflection coefficientsAnelastic reflection coefficients
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Study area, data and objectiveStudy area, data and objective

• Ross Lake heavy oil field is 
located in South West 
SaskatchewanSaskatchewan

• Owned and operated by Husky 
Energy
Th i i h l• The reservoir is a channel 
sand, of Cretaceous age, in the 
Cantaur Formation of the 
Mannville group (Zhang 2010)Mannville group (Zhang, 2010)

• A number of VSP surveys 
performed including a zero-
offset VSP

From Saskatchewan Industry and 
Resources, 2006 

offset VSP
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Study area, data and objectiveStudy area, data and objective

Objective: extract the reflection coefficient from the Mannville
and analyse for AVF signature, then compare with a control 
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y g , p
reflection from the Lea Park/Milk River interface

From Zhang, (2010)



Zero-offset vertical component VSPZero offset vertical component VSP
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MethodologyMethodology
Lira’s Method – elastic case
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Methodology anelastic caseMethodology anelastic case
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Lira, J. E., Weglein, A. B., Bird, C. W. and Innanen, K. 
A., 2011, Determination of reflection coefficients by 
comparison of direct and reflected VSP events: 

RnCREWES Annual Report, 23, 1-13.
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Extraction of spectraExtraction of spectra
Fast S-transform

• We have a calibrated, fast S-
transform (Brown et al., 
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Extraction of spectraExtraction of spectra

Zn-Z=236m
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Q compensationQ compensation
• In order to use Lira’s method 
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Results-MannvilleResults Mannville
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5 (a) spectrum of direct wave
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Milk River/Lea Park

10
x 105 (a) spectrum of direct wave
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ConclusionsConclusions

• We applied a method developed by Lira et al., e app ed a et od de e oped by a et a .,
(2011) for estimating the frequency dependent 
reflection coefficient by comparing the direct and 

fl dreflected VSP events
• The method was applied to an absorptive 

fl ti i th M ill d l d freflection in the Mannville and analyzed for an 
AVF signature

• As a control the method was applied to a• As a control, the method was applied to a 
reflection (Lea Park/Milk River)  not associated 
with a contrast in QQ
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ConclusionsConclusions

• It was found that the control reflectionIt was found that the control reflection 
coefficient had an AVF signature as well

• This VSP example is not providing a good• This VSP example is not providing a good 
control.  Therefore it is hard to know if the 
apparent AVF signature in the Mannville is realapparent AVF signature in the Mannville is real
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Future WorkFuture Work

• Look for a better control 
and target reflectors

• Study the potential for 
wavefield separation 
techniques which do nottechniques which do not 
dominate the spectra of our 
events

• Merge with existing AVF 
inversion methods of Bird 
thesis researchthesis research
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Questions?Questions?
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