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Summary: 
 

Duplex wave migration (DWM) has been successfully used in industry (e.g., Marmalevskyi et 
al., 2005; Khromova et al., 2011; Iskaziyev et al., 2014). Dozens of projects have been 
performed, and positive drilling results have been obtained. Duplex waves are reflected twice, 
once by a sub horizontal boundary and once by a sub vertical boundary. The sub vertical 
boundary may be a scatterer rather than a reflector. Depending on the sequence of reflections, 
two types of duplex waves are considered: HV when a wave is first reflected from a sub 
horizontal boundary and then from a sub vertical boundary, and VH when a wave is reflected 
(scattered) in the reverse order. DWM is implemented as a Kirchhoff pre-stack depth migration, 
with a green’s function calculated in accordance with the law of propagation of duplex waves 
(Gornyak et al., 2005). This Kirchhoff implementation provides the ability to target specific target 
zones for analysis. The target can be illuminated from any azimuthal direction.      
 
To implement this approach, besides a velocity-depth model, we should preassign a sub-
horizontal reference boundary that takes part in the duplex reflection scheme. The specification 
of such a boundary allows us not only to calculate the corresponding Green’s function but also 
to regularize the solution. Regularization is motivated by the inevitable presence of inaccuracies 
in the velocity-depth model. The errors in the velocity-depth model entail errors in the location of 
the reference boundary. Regularization lies in the fact that the two types of errors cancel each 
other. For this reason, when performing DWM, the lateral errors in the location of subvertical 
boundaries are significantly reduced. In combination with a higher horizontal resolving power of 
DWM as compared with standard seismic migration methods, this approach allows a more 
precise image of sub vertical boundaries to be obtained (Gornyak et al., 2005). 
 
The amplitude of duplex waves is less than that of singly reflected waves. For this reason, it is 
important for DWM to increase the fold of a seismic image by summing images obtained with 
several reference boundaries located below the target interval. The technically correct method 
to perform the summation of the images from several base boundary reflections is presented in 
this paper. Case histories of reservoir characterization projects will be shown that illustrate how 
this refined technology can be integrated into the interpretive workflow. 

  

Theory: 
 

Duplex waves are formed by all the sub horizontal boundaries located below the inhomogeneity 
under study. These waves are used in DWM to construct a seismic image of the inhomogeneity 
for each reference boundary specified beforehand. The images can then be stacked together by 
their weighted summation to improve the signal to noise ratio of the fracture map.  
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Consider a model whose prototype is a medium containing a pinnacle-type reef body (Figure 1). 
The model consists of five layers and contains a vertical inhomogeneity 200 m high and 80 m 
wide located above the first horizontal boundary. Synthetic wavefields are computed using an 
acoustic modeling method with a 40 Hz Ricker wavelet. 
 
Figure 2 shows three shot gathers for xSP = 2000 m. They contain: (a) the entire wavefield for 
the model shown in Figure 1, (b) the entire wavefield for the model in Figure 1 but without the 
vertical inhomogeneity, and (c) only duplex waves and waves scattered by the vertical 
inhomogeneity. In Figure 2c, the green and yellow arrows indicate the HV and VH duplex 
waves, respectively, generated by the second sub horizontal reference boundary.  
 
It is seen in Figure 2 that duplex waves are formed by all the four sub horizontal reference 
boundaries. These waves are useful for DWM, but harmful for other migration methods. When 
performing DWM, one of the possible reference boundaries is set up, and the duplex waves of a 
certain type from it form a correct image of a subvertical inhomogeneity. As this takes place, 
however, the duplex waves from the other, deeper boundaries form false defocused events. 
Figures 3 and 4 each show four images by means of DWM from the different reference 
boundaries. For the images, the waves HV and VH are used, respectively. All the images have 
different amplitudes. The images from the third reference boundary (Figures 3c and 4c) have 
reversed polarity as compared with the others because the reflection coefficient of this boundary 
is negative as opposed to those of the others. 

 
The summed image ( ),

sum
f x z  is shown in Figure 5. On this image, not only random noise but 

also DWM-related noise, specifically that indicated by the yellow arrows in Figure 3, is 
significantly reduced. 
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Figure 1 Multilayer model with a vertical inhomogeneity in the first layer.  

 

 

 

 
 

Figure 2 Synthetic shot gathers computed using an acoustic modeling method (a) for the entire model depicted in 

Figure 1, (b) for the entire model in Figure 1 but without the vertical inhomogeneity, and (c) containing only 

scattered and duplex waves. 
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Figure 3 Seismic images obtained with different reference boundaries for the HV-type duplex waves. The numbers 

of the reference boundaries are shown above the images. DWM-related artifacts are indicated by the arrows. 

 

 

 
 

Figure 4 Seismic images obtained with different reference boundaries for the VH-type duplex waves. The numbers 

of the reference boundaries are shown above the images.  
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Figure 5 Weighted sum of DWM images for the HV-type and VH-type duplex waves and the four reference 

boundaries depicted as solid lines. 

 

 

Observations from a real data comparison: 
 
Let us show the effect of increasing the fold on an example of a field from the Timan-Pechora 
Basin, Russia. In Figure 6a, a stratigraphic slice through the Famennian interval of a DWM cube 
is depicted. The only reference boundary is chosen in the Famennian deposits. Figure 6b shows 
the same slice after the weighted summation of DWM cubes obtained from reference 
boundaries in the Famennian, Sirachoy and Domanik formations. For DWM, VH-type duplex 
waves are used. A comparison between the images in Figure 6 allows us to infer that the 
summed image (Figure 6b) is much clearer than the single noisy image (Figure 6a). The 
summation of images in depth allows us to increase the fold (in this case, of subvertical objects) 
from hundreds, which is now achievable in industry, to thousands, which is met only rarely. 
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Figure 6 Identical stratigraphic slices through the Famennian interval of different DWM cubes in a field from the 

Timan-Pechora Basin, Russia: (a) the only reference boundary is chosen in the Famennian deposits, and (b) the 

reference boundaries are chosen in the Famennian, Sirachoy and Domanik deposits, and the resultant DWM cubes 

are then summed.  

 

Additive Information - the ability to predict fracture permeability: 

During the past 15 years we have utilized DWM to delineate subtle fluid filled, zero or near zero 
throw faults and fractures in several carbonate and shale projects around the world. DWM is a 
pre-stack depth migration that images only the seismic response energy that is produced by a 
second reflection (duplex waves) thereby imaging only vertical (+ or – 30 degrees) boundaries. 
The method eliminates primary wave (single reflection) energy using the unique kinematics of 
duplex waves thereby enabling this much weaker energy to be clearly imaged. We have 
consistently found that the amplitude of the DWM response is directly proportional to the 
permeability as measured by fluid flow rates at the wells. Also, experienced interpreters 
estimate that they can delineate the lateral location of fluid filled fracture systems within 25 
meters at depths of thousands of meters. Figure 7 illustrates a DWM amplitude map in an area 
with several wells for validation of all conclusions made in a paper published in the January 
2011 issue of the EAGE First Break. 

a b 
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Figure 7: This is a DWM amplitude map that has delineated the location of permeable fracture systems 
within an accuracy of 25 meters. Note that the graph of DWM amplitudes versus measured permeability 
(total fluid flow rates of water plus oil measured at each producing well) is linear. This indicates that DWM 
provides a reliable predictor of fluid content and permeability within the fault/fracture system. 

 
 

Conclusions: 
 

Duplex wave migration is a depth migration process with regularization, which allows a high-
precision imaging of sub vertical boundaries to be created, even with inaccuracies in the velocity 
model. We have developed a method for weighted summation of images of sub vertical 
boundaries obtained by duplex wave migration from multiple reference boundaries located 
below target objects. This method enables us to increase the fold of the sub vertical boundary in 
depth, thereby providing a higher signal-to-noise ratio image of the sub vertical boundary. The 
DWM amplitude maps that we have produced on several projects have accurately predicted the 
relative permeability between all the wells and these predictions have been verified when well 
site fluid flow tests were conducted. 
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