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SUMMARY 

Based on the results of numerous seismic surveys conducted on the areas and deposits of the 
Dnipro-Donetsk depression, an appropriate strategy for detecting hydrocarbon traps in this 
region has been determined. This takes into account modern requirements for exploration and 
prospecting of gas and oil deposits. They consist in determining the probable zones of 
accumulation of hydrocarbons based on the analysis of the structural model. At the same 
time, the use of direct hydrocarbon indicators to predict structural, lithological or combined 
traps is also a necessary element in solving this problem. It has been shown that an effective 
approach to detecting hydrocarbon traps in this region is attribute analysis using seismic 
attributes such as seismic signal envelope, acoustic impedance or relative acoustic 
impedance. In most practically important cases, the analysis of the distribution of values of 
these attributes was sufficient to solve geological problems. At the same time, an example of 
extracting additional useful information on the spatial distribution of hydrocarbon traps from 
volumetric seismic images obtained from seismograms of common sources with a limited 
range of seismic angle inclinations is given. To analyze the distributions of seismic attribute 
values it is recommended to use geobody technology of geological bodies extracting as the 
most effective when using volumetric seismic data. Depending on the type of seismic 
attributes involved in the analysis, the distributions of different properties of rocks are 
determined, in particular the zone of increased porosity or the presence of hydrocarbons. 
Analysis with the simultaneous use of several seismic attributes allows to directly identify 
hydrocarbon-rich geological bodies with high porosity and the like. The paper presents 
examples of detection of hydrocarbon traps in the areas and deposits of the Dnipro-Donetsk 
depression, which are confirmed by drilled wells. Generalizations are made on the 
distribution of promising areas for the presence of hydrocarbons on the northern side of the 
Dnipro-Donetsk depression and the ratio of this distribution with the identified structural 
elements of the geological environment.  
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Introduction 
 
Success of oil and gas prospecting and exploration is linked to the use of direct seismic indicators of 
hydrocarbon availability. The relevance of this approach is due to the increasing importance of 
lithological hydrocarbon traps in total oil and gas production. This is also evidenced by the increase in 
the number of publications in which this area of seismic surveys is considered on the basis of modern 
technological solutions. 
  
The use of three-dimensional seismic data to study and analyze direct hydrocarbon indicators involves 
determining the volume distributions of their values. Traditional approaches to the analysis of three-
dimensional arrays of seismic images and attributes through their two-dimensional sections lose 
credibility due to the increasing influence of the subjective factor. The solution to this problem can be 
obtained through the use of technology for interactive classification of wave fields and seismic 
attributes. This technology allows to find three-dimensional objects that are characterized by certain 
ranges of change in the values of their characteristics. An important case in which bulk classification 
technology is used is the detection of AVO anomalies characterized by certain ranges of changes in 
AVO attributes values. 
 
This paper considers the results of detection of hydrocarbon deposits due to the application of the 
technology of volumetric classification of seismic attributes for the territory of the Dnipro-Donetsk 
depression. 
 
Classification of geological bodies by seismic attributes  
 
Modern approaches to the search for hydrocarbon traps in the Dnipro-Donetsk depression involve the 
use of volumetric seismic data as quite informative. Together with the construction of structural-
tectonic models, the distributions of the values of seismic attributes are studied, which allow to obtain 
quantitative characteristics of the physical properties of rocks. In some cases, this allows you to 
accurately detect hydrocarbon traps of any type. Exploration of lithological hydrocarbon traps is of 
considerable interest for the licensed areas of the Dnipro-Donetsk depression. A series of articles have 
been devoted to the study of such traps, in particular (Vyzhva et al., 2016, 2018, 2019, 2020), as well 
as abstracts at international conferences (Vyzhva et al., 2018, 2019, 2020; Streltsova et al., 2019). The 
results of these works show that lithological traps are quite common within the northern side of the 
Dnipro-Donetsk depression, and their exploration is of practical interest. 
 
Consider the example of the detection of a gas-saturated geological body in the sediments of the 
productive horizon M-3 of the Moscow stage of the Middle Carbon. The source of data used is a 
three-dimensional seismic image obtained by seismograms of common sources with a limited range of 
seismic rays. In this example, the range of inclination of seismic rays is 10-30 degrees. The section of 
such seismic image that intersects the selected geological body is shown in Fig. 1. To detect a gas-
saturated geological body used only one attribute - the envelope of the seismic signal. In this example, 
the informativeness of the seismic signal envelope was sufficient to detect a lithological gas trap. 
The presence of gas in the lithological trap is confirmed by a vertical well, which is shown in Fig. 1. 
Red dots show perforation intervals. The gas deposit corresponds to the large amplitudes of the 
signals of the seismic image waves, which are shown in blue. In other words, the gas deposit shown in 
the seismic image is a classic bright spot. The above vertical section also contains additional 
important information. Below the gas deposit is a horizontal zone of increased amplitudes of seismic 
wave signals. It is called a flat spot and determines the contact between gas and water. 
 
Acoustic impedance or relative acoustic impedance can be used to estimate rock porosity and 
calculate gas reserves in a lithological trap. However, in this case, the determination of porosity and 
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calculation of gas reserves was made according to geophysical studies in a well drilled through this 
trap. 

                                                   
 
Figure 1 Vertical section of a three-dimensional seismic image obtained from seismograms of 
common sources with a limited range of angles of seismic rays. 
 
The above examples of volumetric classification involved the use of a single seismic attribute. The 
use of several attributes significantly expands the possibilities of volumetric classification. A typical 
example of classification by two parameters or attributes is AVO technology. It makes it possible to 
identify geological bodies that are associated with changes in the amplitudes of seismic waves 
depending on the distance between their sources and receivers. The monograph (Chopra and 
Castagna, 2014) provides comprehensive data on the classification of AVO anomalies. One of the 
effective ways to classify them is based on the analysis of crossplots of AVO attributes, in particular 
gradient and intercept. Determining the relationship between the values of the gradient and intercept 
makes it possible to predict the type of rock, reservoir properties, as well as the type of fluid that 
saturates it. 
 
Analysis of differences between geological bodies, saturated hydrocarbons, and structures 
promising for the presence of oil and gas 
 
Consider the results of work to identify hydrocarbon deposits in the form of geological bodies in an 
area of about 500 sq. km, located on the northern side of the Dnipro-Donetsk depression. When 
selecting and testing the optimal technology for detecting geological bodies saturated with 
hydrocarbons, the authors aimed to obtain reliable and at the same time stable solutions. The solution 
to this problem is based on determining the appropriate relationship between the complexity and 
stability of the algorithms used. Regarding the determination of the properties of lithological traps, the 
desire to improve the accuracy of solutions is always faced with the need to complicate the 
technology and use seismic data with increased requirements for their quality. However, the vast 
majority of the results of seismic surveys for one reason or another is characterized by a fairly high 
level of noise. In particular, this is typical for seismograms recorded within the Dnipro-Donetsk 
depression, as well as for the results of their processing, including three-dimensional seismic images 
of the geological environment. If the complexity of the technology gives positive results for synthetic 
seismic data, the opposite results are often observed for real data. They are associated with instability 
in the calculation of seismic attributes from seismograms and seismic images with a low signal-to-
noise ratio. In such cases, minor errors in seismic data cause significant errors in the distribution of 
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seismic attribute values used to detect and determine the characteristics of lithological hydrocarbon 
traps. Given these considerations, the authors conducted a series of experiments and tests to determine 
the optimal set of seismic attributes to identify geological bodies saturated with hydrocarbons.  
 
Fig. 2 shows a scheme of the location of geological bodies that are promising for the presence of 
hydrocarbons. In this case, the color palette does not carry any information about the distribution of 
values of seismic attributes. Different geological bodies are shown in different colors for ease of 
visual perception. All geological bodies belong to the Carboniferous sediments. The lines in the 
diagram show the detected structures in the Carboniferous sediments, which for traditional structural 
seismic exploration are considered promising for the presence of hydrocarbons. Different structural 
plans are presented in different colors. The analysis of scheme of Fig. 2 shows significant differences 
between classical perspective structures and geological bodies determined using direct hydrocarbon 
indicators. Only the north-western part of this area is characterized by the coincidence of highlighted 
structures and geological bodies saturated with hydrocarbons. The relationship between potentially 
promising structures and the actual location of hydrocarbon traps of different types, resulting from the 
scheme shown in Fig. 2, are typical for the northern side of the Dnipro-Donetsk depression. In this 
case, the laying of wells only on the basis of a positive structural factor leads to low success of their 
drilling. This is evidenced by numerous negative drilling results in this area. Thus, for successful 
drilling of hydrocarbon wells it is necessary to use direct indicators of the presence of hydrocarbons 
for both structural and non-structural traps. 

                                              

Figure 2 Layout of geological bodies and structures promising for the presence of hydrocarbons. 
 
Conclusions 
 
The paper considers a modern approach to the prospecting and exploration of hydrocarbon traps in the 
Dnipro-Donetsk depression, in particular within its northern side. The results of 3-D seismic surveys 
performed in this region indicate a decrease in the efficiency of traditional technologies for predicting 
hydrocarbon traps, which are based on the analysis of structural models. In some cases, the use of 
only the structural factor does not give positive results. This is partly due to the lack of major 
structural deposits in the region. Accordingly, the development of such deposits may not achieve the 
desired profitability. From the above scheme of location of geological bodies and structures promising 
for the presence of hydrocarbons, the next results are follows. A significant part of the structures, 
which are relatively promising, are characterized by a low probability of hydrocarbons. The practice 
of drilling wells on such structures confirms this conclusion. Improving the efficiency of prospecting, 
exploration and development of gas and oil deposits in the region is related to the use of direct 
hydrocarbon indicators. This work proposes the concept of appropriate use of seismic attributes to 
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solve this geological problem. The efficiency of application of different sets of seismic attributes is 
analyzed. The criterion for determining the optimal set of attributes and technologies for their use is 
the appropriate relationship between the complexity and stability of the algorithms used. The most 
expedient method of interactive analysis of volumetric distributions of seismic attributes is 
determined. It based on the detection of geological bodies with certain physical properties. Examples 
of detection of hydrocarbon traps and determination of their physical properties confirmed by well 
drilling are given. The differences between the hydrocarbon traps detected by different sets of seismic 
attributes are estimated. 

References 
Chopra S., Castagna J.P. (2014). AVO. SEG, Investigation in Geophysics Series, 16, 288 p. 
Streltsova І., Chupryna А., Kruhlyk V. (2019). Prospects of oil and gas in the lower Permian 

sediments in the Pivdenno-Khrestyshchenska area of the Dnipro-Donetsk depression with the use of 
seismic attributes. Ideas and innovations in geosciences, Proceedings of the VIII Ukrainian young 
scientific conference, 10-12 April, Kyiv, Ukraine. 

Vyzhva, S.A., Lisny, G.D., Kruhlyk, V.M. (2016). Use of graphic processors for construction 
of the geological media seismic images. Visnyk of Taras Shevchenko National University of Kyiv. 
Geology, 75, 45-49. http://doi.org/10.17721/1728-2713.75.07 [in Ukrainian]. 

Vyzhva, S.A., Solovyov, I.V., Kruhlyk, V.M., Lisny, G.D. (2018). Prediction of high porosity 
zones in clay rocks at the Eastern Ukraine. Visnyk of Taras Shevchenko National University of Kyiv. 
Geology, 80, 33-39. http://doi.org/10.17721/1728-2713.80.04 [in Ukrainian].  

Vyzhva, S.A., Solovyov, I.V., Kruhlyk, V.M., Lisny, G.D. (2018). Modern approaches of gas 
deposits forecasting in Eastern Ukraine. XIІ International Scientific Conference “Monitoring of 
Geological Processes and Ecological Condition of the Environment”, 13–16 November, Kyiv, 
Ukraine. 

Vyzhva, S.A., Solovyov, I.V., Kruhlyk, V.M., Lisny, G.D. (2019). Use of the technology of 
interactive classification of geological bodies for gas deposits forecasting in eastern Ukraine. Visnyk 
of Taras Shevchenko National University of Kyiv. Geology, 84, 70-76. http://doi.org/10.17721/1728-
2713.84.10 [in Ukrainian]. 

Vyzhva, S.A., Solovyov, I.V., Kruhlyk, V.M., Lisny, G.D. (2019). Application of the EasySeis 
software for construction of seismic images on the Dniper-Donetsk depression. XVIIІ International 
conference “Geoinformatics: Theoretical and Applied Aspects” 13–16 May, Kyiv, Ukraine. 15358. 
https://doi.org/10.3997/2214-4609.201902031  

Vyzhva, S.A., Solovyov, I.V., Kruhlyk, V.M., Lisny, G.D. (2019). Application of two-
parameter classification of seismic attributes for prediction of hydrocarbon deposits in the Dnieper-
Donetsk depression. XIIІ International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment”, 12–15 November, Kyiv, Ukraine. 
https://doi.org/10.3997/2214-4609.201903226 

Vyzhva, S.A., Solovyov, I.V., Kruhlyk, V.M., Lisny, G.D. (2020). Recommendations for wells 
drilling in the unfavorable structural-tectonic conditions. XIX International conference 
“Geoinformatics: Theoretical and Applied Aspects” 11–14 May, Kyiv, Ukraine. 17135. 
https://doi.org/10.3997/2214-4609.2020geo030 

Vyzhva, S.A., Solovyov, I.V., Mykhalevych, I.L., Kruhlyk, V.M., Lisny, G.D. (2020). Use of 
quantitative data of 3D seismic exploration for detection of traps of hydrocarbons with in the north 
side of the Dnipro-Donetsk depression. Visnyk of Taras Shevchenko National University of Kyiv. 
Geology, 91, 35-41. http://doi.org/10.17721/1728-2713.91.05 [in Ukrainian]. 

Vyzhva, S.A., Solovyov, I.V., Mykhalevych, I.L., Kruhlyk, V.M., Lisny, G.D. (2020). Use of 
3-D seismic data for detection of hydrocarbon traps within the northern side of the Dnieper-Donetsk 
depression. XIV International Scientific Conference “Monitoring of Geological Processes and 
Ecological Condition of the Environment” 10–13 November, Kyiv, Ukraine. 
https://doi.org/10.3997/2214-4609.202056007 


