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Introduction 

Nowadays, attention is being increasingly focused on the Tyumen pay zones of the West Siberian 

Petroleum Province, which contain difficult-to-recover oil reserves. Laterally and vertically 

discontinuous and thin sand reservoirs with lower reservoir quality are typical of this sedimentary 

complex of continental genesis. However sometimes, well data show significant growth of reservoir 

thickness (exceeding 10 m) and increasing values of such parameters as porosity and permeability. 

Basing on sedimentological description of core it is proved that such wells penetrate channel deposits. 

This fact determines the subsequent work objective for multi-disciplinary teams (geophysicists, 

geologists, petrophysicists, reservoir engineers), namely: to map the channel objects on the results of 

integrated analysis of 3D seismic data, well log and core data; to build 3D geological and 

technological models accounting for lithofacies special features of reservoir structure to predict field 

development parameters for various scenarios and various facies zones. 

 

This work uses real examples to discuss the method of mapping the objects of channel genesis, which 

are associated with Tyumen units in accordance with the results of Spectral Decomposition of 3D 

seismic data. 

Method of Spectral Decomposition and RGB-colour Blending 

In the case of searching for geological objects of channel genesis in the target interval, it is necessary 

to analyse sedimentary slices obtained along the top/bottom of the target unit or proportional slices 

(between top and bottom of the unit and/or in the wider interval, e.g., between the nearest strong 

reflectors). Different seismic cubes should be examined, if possible. Experience shows that frequency-

dependent attributes are the most informative for geometrisation of paleochannels’ boundaries. 

 

Method of Spectral Decomposition and subsequent RGB-colour Blending [1,2] allows considerable 

refining of paleochannels limits. Spectral Decomposition provides a continuous time-frequency 

analysis for each time sample of seismic trace. This method allows considering seismic data in 

frequency domain by means of signal decomposition into frequency components. The value of the 

method is rooted in the fact that analyst gets the opportunity to compare variations of seismic 

response at different frequencies.  

 

Procedure of analysis of the obtained results is no less important. Use of RGB-colour Blending gives 

the maximum effect when visualization of the resulting cubes (with three dominant frequencies) is 

carried out with the additive RGB colour model. If all the frequencies are equally present in each 

point of the combined image, the resulting colour will be white, and its intensity will be proportional 

to amplitude of the response. In the case where one frequency dominates in some point, the 

corresponding colour will be prevailing in this point. Schematic representation of Spectral 

Decomposition and RGB-colour Blending is shown in Fig. 1. 

 

Methodology of paleochannels identification on the basis of Spectral Decomposition results 

 

The best contrast of the target geological objects is typical for the maps of colour blending obtained as 

a result of Spectral Decomposition. Fig. 2 shows amplitudes distribution over the sedimentary slice in 

the interval of one of the Tyumen units and map of colour blending of Spectral Decomposition results. 

Comparison of these two maps demonstrates that method of Spectral Decomposition and RGB-colour 

Blending ensures richer informational content and detail.  
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Figure 1. Schematic representation of Spectral Decomposition and RGB-colour Blending 

        

 
  

Figure 2.  Map of colour blending of Spectral Decomposition results (a) and amplitudes distribution 

over the sedimentary slice in the target interval (b) 

 

Depending on paleo-channel behaviour in seismic wave shape, two main approaches can be suggested 

to identify the boundaries of pay zone or exploration target.  

 

Let us consider the case, where paleochannels in Tyumen series are seen as amplitude attenuation, and 

this effect was substantiated by forward modelling. Fig. 3 presents the result of modelling of wave 

shape variations within the U2 unit. The left model describes the conditions of well with no reservoir; 

the right model reflects presence of 15 m thick reservoir at the top of the unit.  In vicinity of unit top 

and negative reflection next to it, attenuation of seismic record is observed, as well as considerable 

attenuation of intensity of the entire package wave. 
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Figure 3. Forward modelling. Increasing of reservoir thickness 

 

 The Spectral Decomposition results in splitting seismic cube into a set of cubes having different 

dominant frequencies. Cubes where particular geological objects can be better identified are taken 

from this very set. RGB-colour Blending method uses three selected cubes. Boundaries of each paleo-

channel expressed in amplitude attenuation are defined manually on the basis of analysis of slices 

obtained from the Spectral Decomposition cubes; these boundaries correlate with channel objects 

identified in well data.  

 In this case, total thickness of identified channels can be determined using time thickness, and 

calibrated with well data, given appropriate information is available. Top and bottom of each 

exploration target is converted to depth using depth-velocity model. Figure 4 shows the map of RGB-

colour blended cubes with frequencies 32-38-47 Hz in the interval of the target U2 unit; boundaries of 

paleochannels of different level and final structural surfaces of stratigraphic top/bottom of the 

identified objects are plotted on the map.  

Figure 4. Maps of colour blending of cubes with frequencies 32-38-47 Hz and 3D view of identified 

bodies 

 

In the case where paleo-channel looks like a contrasting “luminous” object, the use of automated 

procedures guided by analyst is possible; these procedures can help delineating geobodies and are 

included in a number of software packages [1]. Later, each of geobodies can be automatically 
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approximated by top and bottom surfaces of exploration targets; total thickness of identified object, 

and its stratigraphic top and bottom can be estimated using the available velocity model. Fig. 5 shows 

an example of computer-aided identification of 3D geobody on the basis of RGB-colour blended cube 

obtained as a result of Spectral Decomposition. 

       
Figure 5.RGB-colour blended cube of Spectral Decomposition. An example of identified geobody 

 

Regardless of type of paleo-channel manifestation in seismic image, technique of subsequent analysis 

of 1 to 3 most informative cubes after Spectral Decomposition has shown good results in studies of 

target interval with the use of sedimentary slices. These cubes can also be used as input data for 

seismic facies analysis and seismic inversion, which allows more accurate contouring of objects of 

interest and determining other facies zones. 

 

Tops and bottoms of the identified geological objects (in depth domain) can be used in 3D geological 

modelling. In this stage, all lithofacies and special structural-tectonic features of pay-zone reservoirs 

are taken into account; prediction of promising oil saturated areas is carried out with the purpose to 

give recommendations on optimal wells location (with penetration of several channel objects at 

different levels) and to estimate the expected incremental reserves.  

 

Conclusions 

 

Spectral Decomposition, visualisation, and analysis of the resulting cubes with the use of RGB-colour 

Blending acquired a reputation of the most efficient method for identification of boundaries of 

pay/promising objects of channel genesis within Tyumen series. Even working with legacy low-

density 3D data, it is possible to carry out the object-oriented processing and apply methods of 

Spectral Decomposition and RGB-colour Blending in order to obtain geologically substantiated result 

and achieve reliable delineation of paleochannels boundaries. 
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