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Introduction 

Tyumen series within the West Siberian Petroleum Province contain considerable oil resources (about 

3 billion tons of the current recoverable reserves). At the same time, degree of their depletion is only 
7%. Accumulations of this sub-play are still under-explored and undeveloped. Until recently, the reason 

for low interest in these reservoirs development was the frequent disconfirmation of geological models 

and drilling of numerous dry and marginal wells. 

Despite the considerable amount of available information, including regional studies, conceptual and 

three-dimensional digital models are still created with significant assumptions/simplifications and do 

not reflect the complexity of pay zone structure. That is why the subsequent drilling does not confirm 
geological models. The most pressing question: whether the priority should be given to simplified 

reservoir model with large oil reserves or sophisticated model based on lithofacies studies with much 

lower reserves, which separately accounts floodplain difficult-to-recover reserves and reserves 

contained in paleochannels cost-effective to develop. 

Tyumen formations study: decision making at the start of the project 

Presence of paleochannel deposits in the Tyumen interval is proven by sedimentological description of 

core from numerous wells in different fields. In the course of pools preparing to the development, 
identification and mapping of paleochannels on the basis of 3D seismic data becomes the main task. 

This problem has no clear and reasonable solution using 2D seismic data, even detailed. 

Further steps of the work devoted to the analysis of 3D seismic data depend primarily on the quality of 
3D data. In the case 3D data are not available, it is necessary to plan survey, acquire data, and process 

them with interpretative support. And there are options possible in the case seismic cubes are available. 

In theory, field data reprocessing aimed at careful preservation of paleochannels in the wavefield will 

bring a large increase in geological information. But in certain cases, where several 3D surveys are 
available, this stage may cost tens million roubles, and reshooting of old seismic data may require 

hundreds of million. In addition, this will extend the time of making decisions on exploratory wells 

location and bringing the Tyumen reservoirs into development. 

Speaking from our experience in investigations of Tyumen formations, it is necessary to carry out a 

pilot project with quick-look interpretation of the target interval containing one of the layers of interest; 

this work should be the basis for making a decision on seismic data reprocessing. In this case, quick-

look interpretation means correlation of one strong reference reflector near the target layer and 
application of Frequency Decomposition with RGB Blending used for visualization. This approach will 

provide an answer to the question "Do we need to reprocess seismic data?" within one or two weeks. If 

we can see sufficiently clear paleochannel boundaries in sedimentary slices from RGB Blending cube, 
and material costs and time for processing are rather high, then we can continue with the detailed 

interpretation. If paleochannel objects are indistinct and their boundaries are not clear enough, and 

information available from the wells confirms the presence of thick sand bodies, then reprocessing with 
interpretative support is obligatory. 

In one of the projects, where a large territory of two fields and neighbouring areas was studied, seismic 

cubes from eight surveys were available; the decision to reprocess only the oldest survey of 2000-2001 

season was made. It was about 100 km2 large, while all the area covered by 3D surveys was about 2000 
km2. 
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Approaches to 3D seismic data processing and interpretation 

Despite the great progress in seismic field methods, in the conditions of Western Siberia simple, so 
called, “economically light” surveys are the generally accepted standard; the following parameters are 

typical of them: receiver line spacing 300 to 400 m; source line spacing 300 to 400 m; receiver group 

spacing 50 m; shot point spacing 50 m; fold 48-64 at the most; maximum offset about 3-3.5 km. 

However, even in the conditions of “economically light” low-fold 3D surveys, including the surveys of 
early 2000s, it is possible to investigate the Tyumen formations by processing seismic material with 

care and with mandatory interpretative support. The processing stage should be mainly aimed at 

preservation of lateral inhomogeneities in the wavefield, which are associated with the objects of 
riverbed genesis. One should be especially careful using any smoothing procedures, spatial filters, 

3D/5D regularization, and post-processing procedures. In this case, the widely used comparisons of 

amplitude-frequency spectra, signal-to-noise ratio are not conclusive. It is important to bear in mind 
that improvement of horizon tracing, seeking for visual “smoothness” of vertical sections may result in 

complete smoothing out of paleochannels from sedimentary slices.  

In terms of elastic parameters (Vp, AI, Vp/Vs), the respective range of oil- and water-saturated 

reservoirs practically in all productive Tyumen series completely overlaps with the values of non-
reservoir rocks. In this case, we should not expect a reasonable quantitative forecast of net thickness 

and/or porosity on the basis of seismic inversion and attribute analysis results in J2-J9 interval. There 

is a way out of this situation. In order to obtain the result, it is necessary to “take a step back” to a 
qualitative level of interpretation. At this level, we analyse seismic data and obtain seismic 

facies/lithofacies schemes of the study area and zones of reservoir development with better porosity and 

permeability; these zones are associated with paleochannel facies (point bars), natural levees (channel 
bars), etc. In such a case, there is a geological concept behind each map or scheme, not just a set of 

numbers obtained with the use of mysterious correlation dependences often not described in seismic 

reports. 

Based on their own experience in the projects aimed at investigations of Tyumen series, the authors 
conclude that technologies of Frequency Decomposition and automated classification [1] proved to be 

the best in geoseismic settings of continental environment with paleochannel systems. Maps of RGB 

Blending following the Frequency Decomposition and seismic facies maps for the target interval 
obtained using data of different seismic surveys can be successfully combined over the large territories, 

for the neighbouring license areas with the purpose to understand geological architecture of pay zone 

in these vast areas (Fig. 2). This approach does not require creation of a single supercube and processing 

of all available seismic data.  

Integration of information from macro-level (core) to macro-level (regional paleogeographic map), 

application of electric-facies analysis using well logs, seismic facies analysis, paleotectonic and 

attribute analysis (including the Frequency Decomposition results) using 3D seismic data, studies of 
rivers and lakes geomorphology, as well as photos and satellite images of present-day river systems 

allow creating the detailed schemes of depositional settings and identifying certain facies zones and 

facies objects in them. 
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Figure 1. Fragment of the map of RGB Blending following the Frequency Decomposition in the interval 

of J2 bed based on the data obtained as a combination of four seismic surveys processed in different 

years 

 

Approaches to 3D geological modelling 

The main challenges of geological modelling are related to the dataset obtained as a result of 

interpretation, and to the modelling of floodplain and channel parts of the accumulations. In the case of 
unstratified models, seismic analysts should provide the extended dataset. One will need not only 

structural and tectonic framework, predicted maps of thickness and porosity (or maps of seismic 

attributes), but also position of boundaries of facies zones, certain objects (channels, crevasse splays, 

fans, beaches, etc.) characterized by top, bottom, porosity factors, NTG, schemes of the objects 
confidence, reservoir risk maps, etc. 

During the course of modelling, a structural framework is created taking into account the paleochannel 

objects; namely, a set of surfaces is built that describe both the reservoir and the host formations. This 
is one of the most time-consuming processes. Modelling of lithology and petrophysical parameters is 

carried out separately for channel and floodplain parts. Variograms and vertical proportion curves are 

also separate. This allows accounting for heterogeneous structure of reservoir (Fig. 2). Compared to the 

floodplain part, the much higher reservoir thickness and their better connectivity and, in general, higher 
porosity and permeability are typical of the channel-related part. Permeability is calculated from 

porosity using different functions (determined from well logs) for different facies zones. 
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Figure 2. The result of lithology and porosity modelling using the detailed lithofacies analysis 

Figure 3 is a comparison of geological sections across the wells of the same area; these sections are 

taken from two models created using different concepts (a is the old layered model; b is a new model 

accounting for lithofacies features). 

 
Figure 3. Geological cross-sections along the same line from the old (a) and the new (b) geological 

models 

Reserves assessment for J2 reservoir using the new model shows decrease in initial in-place reserves by 

31% compared to the booked reserves. At the same time, active reserves contained in channel part and 

sand cones make 56% of total amount of reserves. 

Conclusions 

3D geological models of hydrocarbon bearing Tyumen formations created on the basis of integrated 

seismic and geological data analysis localize zones of sand bodies development, which are associated 

with the objects of paleo-channel origin. Development wells placement within the identified promising 
zones (sweet spots) will allow improving profitability of involving the difficult-to-recover Tyumen 

reserves into production. 
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