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Abstract. The article investigates the use of aggregated models for 
geodynamic assessment of the ecological and economic assessment of the 
territory of the hydrocarbon field under development, including the values 
of reservoir pressure drops from the initial level. The significant potential 

of the developed identification technology and the proposed state models 
suggests the need for further research and enrichment of the created 
scientific direction. The results of the study allow us to build a more 
efficient hydrocarbon production program.  

1 Introduction 

Geodynamic ecological and economic assessment of the territory with the hydrocarbon 

deposit being developed, as a natural and man-made object, requires taking into account 

heterogeneous private indicators, including factors that have a negative impact on 

ecosystems during mining [1-3]. The intensification of the level of hydrocarbon production 
leads to a drop in reservoir pressure, and this, in turn, is the cause of possible deformations 

of the earth's surface and transformation of groundwater. Conducting a comprehensive 

analysis of the ecological and economic state with the identification of the natural resource 

potential of the territory with the hydrocarbon deposit being developed on the basis of 

aggregated models can significantly increase geodynamic safety [4-6] and thereby the 

efficiency of using the natural resource potential. 

In [1], the main issues of constructing and modelling intelligent control systems for the 

state of man-made objects from the standpoint of analytical and nonparametric 
identification, taking into account information technologies of intelligent decision support, 

management technologies, design methods and operational efficiency, as well as data 

mining technologies are outlined. In addition, the methodology for constructing aggregated 

models of the state of such objects is given. However, there is no information on the 

ecological and economic assessment of the natural resource potential. 
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In [2], a technology for monitoring the geodynamic state of the subsurface of an 

exploited hydrocarbon field is proposed. The well-known technical solutions in this area are 

analysed and it is concluded that they are not relevant, since they characterize only the 

general state of the art. It is shown in [7] that increasing the geodynamic safety of the 

developed hydrocarbon deposits of the whole oil and gas basin is an actual scientific and 

practical problem. The work uses unique data on geodynamic parameters and productive 

layers in 56 deposits. The methodology is based on the construction of aggregated models 

for each productive reservoir and each developed hydrocarbon deposit. Tested on the oil 
and gas basin of the west of Orenburg region, related to the Caspian and Volga-Ural oil and 

gas provinces. But the assessment of the natural resource potential of the territory with a 

separate hydrocarbon deposit is not reflected. 

In [8], various aspects of geodynamics of the upper part of the Earth's crust in the areas 

of oil and gas production are considered with an analysis of the geological structure, gas 

dynamic and hydrological conditions in natural and anthropogenic altered conditions. The 

factors influencing geodynamics and seismic activity of oil and gas-bearing territories are 

revealed, the principles of geodynamic and seismic monitoring in oil and gas production 
areas are formulated. At the same time, the issues of ecological and economic assessment 

of such territories have not been considered at all. 

In [9], the problems associated with the application of the assessment of ecosystem 

services and their valuation to environmental management are analysed. The article 

discusses the events and problems associated with the inclusion of ecosystem services in 

the tools of integrated landscape planning and decision-making. The publication [10] 

analyzes the spatial distribution and dynamics of the ecosystem of the Lake Ebinur wetland 

Reserve. The article considers the value of ecosystem services of this landscape and its 
ecological environment in human health and lifestyle, providing cultural and economic 

benefits for the maintenance and self-realization of living organisms. In [11], the known 

impacts on wildlife mortality, habitat loss, fragmentation, noise and light pollution, 

invasive species and changes in oil, gas and water resources are summarized and compared, 

taking into account the growth of oil, gas and wind energy production. The works do not 

take into account the natural resource potential, taking into account the subsurface and 

geodynamic processes in areas with intensive production of hydrocarbons. 

The analysis of published works on the affected problem shows that it is necessary to 
take into account heterogeneous private indicators characterized by different significance 

and dimension and developing in different directions. Geodynamic parameters play a 

decisive role in such territories. We have established that aggregate models of additive type 

are needed to solve the problem, providing an opportunity to bring incomparable temporal 

and spatial indicators to a comparable form with minimal losses. 

As a result of the analysis of the problem, the purpose of the study is formulated – 
improving geodynamic safety by constructing aggregated additive-type models with the 

inclusion of geodynamic parameters and, first of all, reservoir pressure drops in the territory 
with the hydrocarbon deposit being developed (the first task), as well as developing on this 

basis an appropriate technology for identifying natural resource potential (the second task) 

with the possibility of constructing distributions of reservoir pressure drops in the form of 

corresponding histograms with finding approximation models. 

2 Materials and methods 

As part of the 1st task of the study, the value of the aggregate model of the additive type is 

first found for each share of the area of the territory with the field being developed 
according to the following ratio [12]: 
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Where jx is the value of the aggregated additive model for the jth share of the area of 

the territory with the hydrocarbon deposit under development by the drop in reservoir 

pressure; n  is the number of parameters in the corresponding aggregated models; 
ia is the 

ith weighting factor; 
i is the ith normalized private indicator. 

Next, the value of the aggregated additive model is found for the entire territory with 

the developed hydrocarbon deposit according to the following ratio [12]: 
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Where 
kx  is the value of the aggregated additive model of the territory with the 

hydrocarbon deposit being developed; m  is the number of fractions with different levels of 

reservoir pressure drop; 
ib is the weighting factor; 

ix  is the normalized value of the state of 

the ith fraction. 

As part of the second task of the study, three stages are provided: 1 – prepare 

geodynamic data; 2 – determine the shares of the territory of the field under development 

by the drop in reservoir pressure; 3 – build the distribution of the geodynamic state of these 

shares. 

Stage 1. Select the object of study according to specific criteria: specific area of the 

territory (operation 1.1); density of drilled wells (1.2) and duration of operation (1.3). 

Stage 2. The data of the isobar map on the drop in reservoir pressure of the territory, 
taking into account productive layers, are processed: the areas of fractions with different 

levels of drop in reservoir pressure are found (operation 2.1); the weighting coefficients are 

found by two methods: the method of expert assessments by interviewing specialists in 

modern geodynamics (2.2), as well as the method using information taken from the map 

isobar. Then the value of the aggregated additive model is obtained for each fraction of the 

area of the territory with the field being developed (operation 2.3) by the ratio (1). To do 

this, the territory with the hydrocarbon deposit under development is ranked by the drop in 

reservoir pressure (operation 2.4); the corresponding weighting coefficients (2.5) are 
determined for them; the value of the aggregated additive model for the territory with the 

hydrocarbon deposit under development (2.6) is found by the ratio (2). 

Stage 3. To construct the desired distribution of the shares of the territory of the 

hydrocarbon deposit under development by a corresponding histogram is constructed for 

the drop in reservoir pressure (operation 3.1). Then approximation models with a 

sufficiently high level of confidence are found (3.2). 

3 Results 

The proposed technology of identification of natural resource potential with geodynamic 

ecological and economic assessment of the territory of the developed hydrocarbon deposit 

and the construction of appropriate aggregated models is used for one of the hydrocarbon 

deposits of the Orenburg region.  

On the low-seismic territory of the studied oil and gas field, only a few seismic events 

per year with a magnitude of ML up to 1.5-2 are recorded. The maximum deformations at 
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the deposit were minus 1.233 m, and the relative deformations reach values of 352 mm per 

1 km of horizontal surface. 

The condition and safe operation of oilfield infrastructure facilities, industrial and civil 

structures are significantly influenced by the results of deformation determination. In 

regions with intensive hydrocarbon production, the magnitude of the reservoir pressure 

drop allows for a more complete assessment of the environmental situation and takes into 

account the anthropogenic load from hydrocarbon production on the geological 

environment. The change in the natural hydrodynamic state, as well as the stress-strain state 
of rocks, occurs due to the redistribution of pressure changes in the geological environment, 

according to the relevant laws of hydro- and gas dynamics inside and outside the field. 

Some local seismic events occur due to the discharge of local stresses in the geological 

environment caused by local changes in reservoir pressure associated with uneven 

extraction of hydrocarbons over time and over area. 

Stage 1. Data were obtained on the specific area of the field, the density of wells and the 

duration of operation by year and presented in the form of oil production volume. 

Stage 2. The value of the aggregated additive-type model with weighting coefficients 
determined by the method of expert assessments, the state of the shares of the field territory 

by the drop in reservoir pressure and the integrated assessment of the state for the oil and 

gas field was 0.412, and with weighting coefficients determined by geodynamic 

information taken from the isobar map, 11.8% less. 

Stage 3. The desired distribution of the shares of the area of the developed oil and gas 

field by the drop in reservoir pressure is shown on the histogram (figure 1), where: row 1 – 
with weighting coefficients determined by the method of expert assessments; row 2 – with 

weighting coefficients determined by geodynamic information taken from the isobar map. 

  

Figure 1. Histograms based on the isobar map for one of the productive layers of a hydrocarbon 
deposit, in the form of aggregated models of the shares of the territory with certain drops in reservoir 
pressure. 

4 Discussion 

As can be seen, polynomial models of the fifth degree of approximation provide a fairly 
high level of reliability. Consequently, the proposed technology makes it possible not only 

to identify the natural resource potential when analysing the ecological and economic 

condition of the territory with the hydrocarbon deposit being developed, but also to predict 

changes in the components of the natural environment when the anthropogenic load 
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changes and, as a consequence, to further manage its condition when carrying out economic 

activities. 

5 Conclusion 

The scientific novelty of the presented material is as follows. Aggregated models of 

additive type of shares with a certain drop in reservoir pressure of the territory with the 

developed hydrocarbon deposit are constructed, which, unlike the known ones, allow, along 

with the usual parameters used in the ecological and economic assessment of natural 
resource potential, to introduce basic geodynamic parameters that take into account the 

inherent significant unevenness of the intensity of hydrocarbon production. 

The technology of identification of the natural resource potential of a territory with a 

hydrocarbon deposit under development is substantiated, which, unlike the well-known 

ones that give an ecological and economic assessment of the natural resource potential in 

subjective points, allows identifying its assessment taking into account modern 

geodynamics and bringing it to a numerical value in the range from 0 to 1, as well as 

constructing a distribution of shares with certain drops formation pressure of such a 
territory, for example, in the form of a histogram with subsequent finding of approximating 

models. 

The obtained results are aimed at solving the fundamental problem of increasing the 

efficiency of functioning and use of natural and man-made objects, the most important of 

which are the territories with the developed hydrocarbon deposits. The significant practical 

and scientific potential of the obtained results necessitates the continuation of research to 

enrich the created scientific direction. 
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