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The article presents the results of the study of the geological features of the productive horizons of the
Opar gas field and the analysis of its developments using 3D modeling. The effect of the heterogeneity
of layers - reservoirs on the development process of the field was evaluated. A comprehensive analysis
of the filtration and capacity characteristics of the productive horizons of the Opar deposit revealed a
significant heterogeneity of the strata in terms of area and section. In the development of non-
homogeneous formations, at the first stage, mainly highly permeable formations are drained.As the
formation depression increases in low-permeability formations, their flow rate gradually increases, and
at the final stage of development, even gas flow from low-permeability formations to high-permeability
formations is possible. The article provides a methodology for taking into account these features of the
reservoir when designing the development of gas fields. Taking into account the heterogeneity of
productive horizons will help to more reliably determine the technological indicators that are included
in development projects, which will help to avoid significant economic losses.

Keywords: gas field, reservoir reservoir, geological heterogeneity, development of gas deposits,
formation pressure.
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Introduction

The geological features of the reservoirs, in particular their heterogeneity, have a significant impact on
the development processes of gas deposits. To date, the technique of developing gas fields in collectors
with relative uniformity has been mastered. As for the heterogeneity of collectors, this is a common,
but not sufficiently researched phenomenon. Such collectors are quite widespread on the territory of
Ukraine, es-pecially in the Western oil and gas region. An example is the Uger and Opar gas fields. It
is economically disadvantageous that the heterogeneity factor is often not taken into account when
developing deposits, which leads to an underestimation of estimated reserves by 10-20%.

The purpose and objectives of research. The purpose is to study the influence of the heterogeneity of
lay-er-collectors on the development of gas fields in the Outer Zone of the Precarpathian Foredeep using
3D modeing.

Research objectives:
- to analyze the features of geological structure at Oparske gas field;
- to analyze the development of the Oparske gas field;
- to perform an analysis for current state of exploration at Oparske underground gas storage;
- to assess the impact of geological features of reservoirs on the operation at gas storage.

Research method: lithologic - facies analysis; systematization and compilation of geological and
geophysi-cal information; graphical and analytical methods of geological and geophysical data
processing; mathe-matical and statistical methods for assessing of heterogeneity of collectors; 3D
modeling.

Presentation of the main research material

The object of research in this paper is the Oparsk gas field, which is located in the Outer zone of the
Precarpathian depression and whose productive horizons are characterized by significant heterogeneity
of reservoirs in terms of area and section. Oparska anticlinal fold is elongated in the north-western
direction. In the vault part of the horizons there is a slight deflection, which coincides with the direction
of axis folds and forms in the vault part two small uplifts. Within the UGS, the folds are complicated
by shallow syncline deflections.

Gas collectors of productive horizons are layers and interlayers of sandstones and siltstones, which
occur among homogeneous clay layers that serve as tires.

Horizon ND-5 - lies at depths of 590 - 695 m. Among all operational facilities of underground gas
storage, it is the most sustained and powerful on all area of gas capacity. Its total thickness varies within
50-90 m. The ND-7 horizon lies at depths of 700 - 810 m and is separated from the ND-5 horizon by a
clay pack 20 - 40 m thick and is the least sustained in area and section. The share of low-permeability
reservoirs in the well section is quite large and can reach 50 - 70%. The ND-8 horizon lies at depths of
790 - 890 m and is separated from the ND-7 horizon by a clay-siltstone pack, 22 - 60 m thick. The ND-
7 horizon is characterized by the greatest heterogeneity of reservoir properties in terms of area and
section. Its total thickness varies from 15 to 45 m, effective - from 10 to 35 m. The sandiness coefficient
is 0.45 - 0.8. Open porosity 10-29% (Figure 3), permeability 1-10715- 905-10~15m (Figure 4). In the
lower part of the horizon there is an aquifer, which has a limited distribution over the area of the deposit.
In the south-eastern part of the structure, its lithological weding is noted.

The methods of studying geological heterogeneity can be divided into three groups:
- geological and geophysical;
- laboratory-experimental;
- industrial-hydrodynamic;
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The analysis of the heterogeneity of reservoir layers was carried out on the section of the productive
stra-tum and on the area using the method of statistical processing of the actual material, as well as with
the help of graphs of changes in the parameters of productive thicknesses, maps of porosity,
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Figure 1 Structural map of the Opar gas field, productive horizon ND-7 (Map window)
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Geological - geophysical methods are most widely used in the study of geological heterogeneity. With
the help of these methods, a detailed study of the deposit, its segmentation and correlation of well
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Figure 3 Porosity map of the Opar deposit. Horizon ND-7
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Figure 4 Permeability map of the Opar deposit. Horizon ND-7

Oparske gas field was put into operation in 1940. Within the field, 6 gas deposits were discovered.
Deposits associated with horizons ND-3, ND-4, ND-9 are in the final stages of development. Deposits
of horizons ND-5, ND-7 and ND-8 were put into development in 1946. In 1979 their development was
suspended. In the same year, the deposits were transferred to the underground gas storage.

Development of gas deposit ND-7 horizon began in 1946 and was carried out by 6 production wells.
The initial formation pressure was 7.26 MPa. During the development period, 1841.9 million m3 of gas
were extracted from the deposit. Accordingly, the pressure dropped to 2.21 MPa. Until 1954, the oper-
ation process was characterized by an increase in annual production (from 56 million m3 in 1947 to 133
million m3 in 1953). Beginning in 1954, gas production decreased and during 1958-1967 fluctuated
around the value of 60 million m3. The subsequent period of operation (1968-1978) is characterized by
a steady decrease in the flow rate of wells.

The initial gas reserves, determined by the method of material balance, amounted to 2070 million m3.
Residual - 228 million m3. According to the drilling materials, the current position of GWC averaged
minus 453 m, which is close to its initial value. To analyze the process of development ND-7 horizon
deposit, a graph of dependence the reduced formation pressure on the total gas extraction is constructed.

The deviation calculated points from the straight line is observed after the selection of 900 million m3
of gas This, along with flooding, could be related to the inclusion in the work at the last stage of explo-
ration low-permeability layers and interlayers. For the same reason, the increase in formation pressure
at the end of development can be explained. Calculated by a special method, the watered volume of the
formation was 16.87 million m3, and the water content of the formation was 61.5%, which contradicts
the materials of development. During the development period, the GWC rose only by 1 - 4 m. The water
content of formation does not exceed 5%.

Therefore, the significant deviation of design points at the final stage of development can be explained
to some extent by poor drainage conditions, which is due to the presence low-permeability reservoirs
and a small number of production wells. Due to the significant reduction of reservoir pressure during
development and the reduction in the rate of selection, low-permeability collectors are connected to the
work and the points are deflected upwards.

The volume of poorly drained areas is calculated in the work. It should be noted that when drilling
production wells on underground storage facilities (1978 - 1979) formation pressure in the latter was
0.4 - 0.5 MPa higher than in wells that developed the deposit. It follows that the initial gas reserves
accepted for development (2070 million m3) were significantly underestimated. If we conditionally
assume the average water content of the formation equal to 5%, then the flooded volume of gas-satu-
rated formation will be 1.37 million m3. The gas-saturated volume of poorly drained formation zones
is 15.5 million m3. Estimated at the last point of the graph dependence reduced formation pressure on
the total gas extraction in the horizon ND-7, gas reserves are 2560 million m3. Taking into account 5%
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of the flooding, we will get the initial gas reserves for the Oparske field, which will amount to 2432
million m3 and an initial gas-saturated formation volume of 32.2 million m3 (Voitsitskyi, 2003).

It deserves special attention the analysis of negative results for well drilling (Boiko et al., 2019) and
creation a computer database of processes for the development and operation UGS to monitor the
ecological state of the environment (Khomyn et al., 2020).

Conclusions

1. The gas fields of the Outer Zone of the Precarpathian depression are characterized by significant
hetero-geneity of reservoir layers in terms of area and section, which was confirmed by a comprehensive
analysis of the filtration and capacity characteristics of the productive horizons of the Opar field.

2. In the development of non-homogeneous formations, at the first stage, mainly highly permeable for-
mations are drained. A moderate increase in formation depression in low-permeability formations is
due to their increase in growth, and at the last stage of development, even gas flow from low-
permeability for-mations to high-permeability formations is possible.

3. The dependence for the conditions of drainage of heterogeneous layers has the form of a curved line
convex to the abscissa axis. An upward deviation of the calculation points at the last stage of
development is often mistakenly interpreted as a manifestation of the elastic-water pressure regime. The
absence of data on the irrigation of the formation indicates only the inclusion in the work of poorly
drained zones.

4. Gas reserves within the drainage of non-homogeneous formations in the initial part of the dependence
are to some extent underestimated. The initial and the residual gas reserves must be estimated by the
ini-tial and final pressures, taking into account the possible watering of the formation. The water content
of the formation should be estimated by the volumetric method based on the height of the rise of the
GWC.

5. Taking into account the heterogeneity of productive horizons will help to more reliably determine
tech-nological indicators that are included in development projects, which will help to avoid significant
eco-nomic losses.
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