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Summary 
 
A 3C-3D surface seismic data was acquired over Husky 
Energy’s Ross Lake oilfield in south-western 
Saskatchewan. In the previous interpretation, a Vp/Vs map 
between horizon IHACM and RushLake was calculated by 
combining PP and PS travel time thickness maps. In this 
paper, the impedance inversions are performed on the post-
stack PP and PS data. Dividing the average of the inverted 
P-impedance over a 8ms horizon-based time window by the 
average of the inverted S-impedance over the same 
window, we map the Vp/Vs with higher vertical resolution. 
The Vp/Vs value derived from impedance inversion is 
generally lower than the Vp/Vs derived from the time-
thickness ratios. The impedance Vp/Vs and traveltime 
Vp/Vs values show promising anomalies.  
 
Introduction 
 
Husky Energy Inc.’s Ross Lake heavy-oil field is located in 
south-western Saskatchewan. Sand bodies of incised-valley 
channel systems, or possibly shore deposits, are developed 
in proximity to the Dimmock Creek member of the Cantuar 
formation of the Mannville Group in the lower-Cretaceous. 
These oil-saturated sands are the drilling targets.  
 
A 3D multi-component seismic survey was conducted over 
this area in 2002. Based on the vertical (denote as PP) and 
radial (denote as PS) migrated results, a preliminary 
interpretation has been offered by Xu and Stewart (2003 
and 2004). They developed a promising Vp/Vs map that 
they interpreted as being a sand indicator. This map was 
created by combining PP and PS time thickness maps 
calculated between the IHACM and RushLake horizons 
that include the reservoir interval. This sand indicator map 
from the Vp/Vs value has been correlated with results from 
a horizontal well log.  
 
In this paper, we employ a widely used seismic inversion 
package to invert the post-stack PP and PS volumes into 
impedance traces. We arrive at a Vp/Vs map by dividing 
the inverted P-impedance by the inverted S-impedance.  
 
PP Data Inversion  
 
PP data inversion is carried out using a model-based 
method. Before designing the background velocity model 
for the inversion, the correlation between the logs at well 
11-25 and the well site seismic trace is carefully checked 
using synthetic seismogram.  
 

The P-impedance curve in well 11-25 is derived by 
multiplying the measured P-velocity log and the density 
log. To extend the P-impedance trace from the well to the 
entire 3D area, 4 picked seismic horizons, which are the 
Viking, IHACM, RushLake and GravelBourg, respectively, 
are used to constrain the horizontal interpolation of the 
impedance log. Then, a 20Hz low-pass filter is applied to 
arrive at the low-frequency trend (Figure 1) that acts as the 
initial P-impedance model for inversion.  
 
The P-wave wavelet is next extracted from all the PP 
seismic traces excluding the edge traces. Then, a model-
based inversion is performed to invert the PP seismic traces 
into P-impedance traces. Figure 2 shows the inversion 
result of one line and notice that the inversion does find a 
low P-impedance block at the target zone (marked by a 
black ellipse). 
 

 
Figure 1. The P-impedance model with P-impedance log inserted. 

 
 

 
Figure 2. Results of the model-based P-impedance inversion  
 
PS Data Inversion  
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To accomplish the PS inversion, we make the simplifying 
and quite approximate assumption that the PS reflectivity is 
linearly proportional to the SS reflectivity. In reality, the 
relationship is more complicated and is dependent on the 
trace offsets comprising the stacked PS seismogram as well 
as the time-dependent incidence angle. Nonetheless, 
relative changes in the PS reflectivity over small depths 
may be highlighted by the approximate inversion 
procedure. 
 
The work flow for PS inversion is: 1. PS-to-PP horizon 
matching. 2. Build the S-impedance model 3. Extract PS 
wavelet from PS data in PP-time. 4. Invert the PS data. 
 
PS-to-PP horizon matching 
 
The first step is to convert the PS data from PS time into PP 
time, by matching PS event to the same PP event. 
Integrated with well logs and offset-VSPs, the previous 
interpretation work revealed an event correlation between 
PP and PS data. After the horizon matching, all the 4 
annotated PS horizons are forced to the PP time of same PP 
horizons (Figure 3). Therefore, the Vp/Vs of each trace 
between those events are obtained by this travel time 
adjusting.  
 

 
 
Figure 3. PP data (left) and PS data (right) after horizon-matching, 
in PP time. The P- and S-impedance curves from well log are also 
shown (in red) 
 
Build S-impedance model 
 
The PS data are now in PP time. The next step is to check 
the correlation between the PS synthetic log and PS seismic 
trace, and stretch or squeeze the logs if needed, for the 
purpose of further quality control. The benefit of horizon 
matching is that we can use previous P-impedance model 
as the S-impedance model except replacing the P-

impedance value by the S-impedance. Then, a low-pass 
filter is applied to the model to keep the initial model 
smooth (Figure 4). 
 

 
 
Figure 4. The S-impedance background initial model. 
 
PS wavelet 
 
The PS wavelet is then statistically extracted from all the 
PP-time PS seismic traces in the time window of 800ms – 
1300 ms, excluding the edge traces. 
 
Inversion 
 
Two inversion techniques are investigated here: model-
based and sparse-spike. In this case, there is no directly 
measured shear-wave log in well 11-25. So, the shear-
velocity is derived using the first-arrival time picked from 
the vertical-source and horizontal-source zero-offset VSP 
traces to get an interval Vp/Vs, which is then multiplied by 
the measured P-velocity to get the S-velocity. So, this S-
impedance model may not be perfectly correct. We found 
that the sparse-spike inversion seems to be less noisy than 
model-based inversion. We choose the sparse-spike 
inversion result as our final result (Figure 5).  
 

 
 
Figure 5. The inversion result of PS data. 
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Vp/Vs Calculation 
 
Now we have the inverted P-impedance volume and S-
impedance volume. Ideally, the Vp/Vs volume can be 
obtained by dividing the P-impedance by the S-impedance. 
However, the PP and PS time registration remains as a 
problem: by horizon matching, we only force PS time equal 
to PP time along the 4 horizons. All the time points 
between horizons are not necessarily correspondent, until 
we have a very accurate Vp/Vs at each spatial point and at 
each sampled time, which is actually what we want to 
achieve.  
 
Therefore, an average value over a certain time window is 
considered more reasonable. By checking the horizon slices 
of the inverted P-impedance, we notice that a 8ms window 
centered at the 14ms above RushLake horizon is a relative 
proper window, which is used to get the RMS average of 
the P-impedance. The RMS average of inverted S-
impedance is also calculated in the same 8 ms window. 
 
Then, the Vp/Vs map is manipulated by dividing the 
average P-impedance by the average S-impedance. The 
comparison of the impedance-derived Vp/Vs and travel 
time-derived Vp/Vs is shown in Figure 6. Also keep in 
mind that using the impedance method, the Vp/Vs is an 
average over 8ms (PP time) window, meanwhile, the 
Vp/Vs from travel time is an average over 40~50 ms (PP 
time) window.  
 
Some observations from these two Vp/Vs maps are: 
 
1. Overall, the impedance-derived Vp/Vs map has a 

lower Vp/Vs value, which ranges from 1.5 ~ 2.3 with 
reservoir sand about 1.6~1.7, than the traveltime 
Vp/Vs, which ranges from 1.7~ 2.6 with reservoir 
sand about 2.15~2.25. 

2. The low-Vp/Vs strip at the left part of traveltime 
Vp/Vs map disappears on the impedance Vp/Vs map. 

3. The size of the sand body looks more areally extensive 
on the impedance Vp/Vs map. 

4. The sand body has an eastern direction extension on 
both impedance Vp/Vs and traveltime Vp/Vs maps. 

 
Discussion  
 
Inversion is a data-driven process. When we look at the 
data, above IHACM and below RushLake horizon, the PP 
and PS data are correlated in terms of their seismic 
characters. Between these two horizons, where the zone of 
interest lies, the PP data show several events. In contrast, 

PS section has only one wide, low-frequency, low-
amplitude peak. This difference is sufficient to create the 
discrepancy between PP and PS inversion.  
 
At the well location, in the zone of interest, the PP seismic 
trace shows a good correlation with PP synthetic. However, 
the PS seismic trace doesn’t show such a nice correlation 
with the PS synthetic seismogram (figure 7). We hope to 
improve the imaging and frequency content in the future 
interpretive-oriented PS data re-processing. 
 
Post-stack PS data has been commonly used for normal 
interpretation. To get S-impedance from PS data, the better 
way is to do it in the pre-stack stage, which reveals the S-
reflectivity by considering offsets or incident angles. This 
will be the future work. 
 
Conclusion  
 
The PP data inversion indicates that the oil-bearing sand 
body has a lower P-impedance compared with surrounding 
formation. In contrast, PS data inversion shows the sand 
has a bit higher S-impedance. The Vp/Vs value derived 
from impedance inversion is generally lower than the 
Vp/Vs derived from the time-thickness ratios. The 
impedance Vp/Vs and traveltime Vp/Vs values show 
promising anomalies.  
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Figure 6. Comparison of Vp/Vs derived from impedance (left) and Vp/Vs derived from time-thickness ratios (right). 
 
 

PS synthetic PP synthetic 

 
Figure 7. Logs, synthetic seismogram and seismic traces of PP (left) and PS data (right).  The white block shows the reservoir sand. 

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


