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SUMMARY 

The article presents the results of studies the influence of geological reservoir features on the efficiency 
of operation at underground gas storage (UGS) on the example of Bogorodchanske gas storage. A 
detailed analysis of geological structure and performance of Bogorodchanske UGF revealed the 
heterogeneity of collector properties along the section and the area, as well as the presence of poorly 
drained areas on the peripheral sections of structure. It is found that the achieved UGF performance on 
average is 85% of the projected. The decrease in productivity is primarily caused by the process of 
spreading active gas in the deposit and its accumulation in low-drained peripheral areas. Therefore, 
when designing new UGF and making adjustments to existing gas storage facilities, it is necessary to 
take into account the heterogeneity factor of reservoirs 
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Introduction 
 

Ukraine's gas transportation system is one of the largest in the world. It is the second largest 
in Europe, and the volume of natural gas transit through its territory Ukraine ranks first in the world. 
The reliability and efficiency of the gas transmission system is provided by underground gas storage 
(UGS). They serve to ensure reliable and uninterrupted natural gas supplies to both domestic and 
transit customers. 

Improving the operation efficiency of underground gas storage, studying the factors 
affecting their work, especially geological, are important tasks of the industry. 
13 underground gas storage facilities have been established in Ukraine, however, only 11 UGS are 
currently operated. Vergunske underground gas storage facility is in a temporarily uncontrolled 
territory (Lugansk region), Glybivske underground storage facility is in Crimea, annexed territory. 
Two of UGS were created on the basis of aquifers and the rest on the basis of depleted gas fields. One 
of these is Bogorodchanske UGF, which is the subject of research in this work. 
 
The purpose and objectives of research 
 

The purpose of the work is to study the geological features of reservoirs at underground gas 
reservoirs in order to optimize gas-dynamic processes of injection and gas extraction from the deposit. 

Research objectives: 
- to study the features of geological structure in Bogorodchanske UGF; 
- to investigate the barrier conditions on the basis of analysis the current state of exploitation 

in the Bogorodchanske underground gas storage; 
- assess the impact of geological features at reservoirs on its operation. 

Research method - comprehensive analysis of impact the set of geological factors on the efficiency of 
underground gas storage in Bohorodchanske UGF. 
 
Outline of the main material 
 

Bogorodchanske underground gas storage facility located in the territory of 
Bogorodchanskyi district at Ivano-Frankivsk region. Established in 1979 on the basis of exhausted by 
the development productive thickness at Baden deposits in eponymous gas field. Geologically, the 
deposit is confined to the central part of articulation strip the Outer and Inner zones of Precarpathian 
fordeep. 

The study of objects geological characteristics is a necessary prerequisite for the 
exploration, development of hydrocarbons and operation of UGF (Dubei, N.V.,2017; Yakovyna 
O.A.et al,2018; Yarema, A.V. et al,2019). 

The geological section of Bogorodchanske deposit is represented by sediments of 
Doneogene complex (Paleozoic, Jurassic, Cretaceous), which form the basis of Outer Zone and 
Torton-Sarmatian sediments of Outer Zone. In the southeastern part of the deposit, the Miocene 
Complex of Inner Zone is extended to the Torton-Sarmatian rocks. 

The Bogorodchanske lift, which is associated with open gas deposits, is a complexly 
constructed brachyanthicline fold of the northwestern extension, divided by longitudinal and 
transverse violations into three blocks. The southwestern wing of fold is cut off by Stebnytskyi slope, 
and from the north-east is cut off by a small amplitude fault. 

Industrial gas-bearing is associated with three sand-silt horizons (upper, middle and lower). 
The upper productive horizon stands out in the sole of thrust complex at Stebnytski sediments of Inner 
Zone. The middle and lower horizons are confined to the upper part of the Tortonian deposits. 

The largest in size and reserves of gas is the middle horizon within the main southeast block. 
In fact, the middle productive horizon is used for underground gas storage. The formation is reservoir, 
vaulted. Depth 1050-1210 m. The GWC position corresponds to an absolute mark of minus 823 m. 
The height of the deposit is 100 m. From the south-west and north-east the deposit is limited by 
tectonic disturbances. In the northern part of deposit, sandstones middle horizon is replaced by clays. 
The initial reservoir pressure at the deposit is 10.15 MPa. The size of deposit along the outer contour 
of gas-bearing capacity is 3.5 x 4 km (Voitsitskyi I.V.,2005). 
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The average productive horizon used for underground gas storage consists of several layers 
(bottom up): "a", "b", "c", "d", "e", "f" (Figure 1). 

 

 

Figure 1 - Bogorodchanske UGF. Geological profile by O.M. Ishchenko 

The bottom layer "a" has a thickness within the lifting range from 6 to 46 m. The greatest 
thickness is on the northeast vault part of the structure. From the south-west, the layer is cut off by a 
thrust and wedged out in some places. Layer “a” is the most durable in area. The roof surface forms 
an almost domed uplift with a vault in the area of wells 15, 144, 40. In the eastern part of the 
structure, the GWC of the “a” layer is at minus 809 to 824 m and is accepted on the average minus 
814 m. 

Above layer "a" lies layer "b", which is separated from the lower clay jumper with a 
thickness of 5 ÷ 10 m. The thickness of layer "b" - from 2 to 22 m. There is no layer “b” in the 
southwestern part of the structure. Above are layers "c" and "d", which have even less thickness and 
area. Layer "c" is distributed only in the eastern part of the structure, and layer "d" is a separate lens-
shaped zone. Layer "d" has a small lens-like distribution in the northeast part of the structure, where 
its thickness is 3 ÷ 5 m. The layers "e" and "f" are lenticular, low-power and do not have distribution 
on the wells of operational fund at field, UGF. 

GWC in layers "b" and "c" is not installed anywhere directly. Based on the roof mark of 
these layers in the well 25 where they are flooded and the adjacent wells where they are gas-saturated, 
the GWC is likely to be at the same mark as in layer "a", ie it is a single multilayer deposit. 

The total thickness of the average productive horizon varies from 50 m (well 40) to 75 m 
(well 1). Effective thickness ranges from 3.2 m in well 20 to 44.4 m in well 1. 

Sandstones fine-grained, rarely medium-grained, low-calcareous and calcareous, medium- 
and slightly cemented to weak. Sandstone cement is clay-carbonate. Carbonity ranges from 6 ÷ 
13.8%. 

The siltstone is slightly calcareous, medium cemented. The carbonate content is 4.6 ÷ 12%. 
Open porosity ranges from 9.8 ÷ 27.8% (average over the horizon 18.2%), permeability 

within 0.09-360 mdars (Gimer R.F. ,2001).   
A detailed analysis of geological features in Bogorodchany UGF reservoirs proved the 

heterogeneity of their properties both in section and in area of the structure, as well as the presence of 
poorly drained areas in the peripheral sections of structure. 

Together with high permeable sandstone rocks, sections and layers with very low 
permeability are found in the section: 10 ÷ 20 mD and below, which are poorly drained during gas 
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injection and extraction. They usually accumulate active gas and form additional buffer volume in 
storage (so-called "congestion zones"). These areas include the areas of deposit collectors in the area 
where the observation well 1 is located; the western-northern periphery of the deposit; peripheral 
areas to the north of the observation well 25. Accordingly, the influence of these geological factors is 
reflected in increasing the inertia of the filtration processes, their intensity. Reduction of reservoir 
pressure in the “working zone” by 0.5 ÷ 1.0 MPa does not cause its instantaneous fall at the periphery 
of the deposit. Therefore, the process of underground storage of gas in the Bogorodchany UGF is 
under difficult geological conditions with constant interaction of the main part of the deposit, opened 
by the well fund, with the peripheral sections of the pore volume of the object. 

Figure 2 illustrates the dynamics of the change in time of formation pressure values in the 
“working zone” of UGF and the observation well 25, which is located at the periphery of the deposit. 
Analyzing the graph, we can conclude that as the distance from the work area increase, the rate of 
change for reservoir pressure decreases. Uneven pressure redistribution across the tank to some extent 
reduces the active volume of the gas storage. At the same time, based on the curves of the graph, the 
interaction main productive thickness of the UGF with the low permeability peripheral parts of the 
deposit is obvious. If the reservoir pressure is weighed in the UGF taking into account the data from 
observation wells, the pressure at the final stage of the selection season will be higher than the 
arithmetic mean and at the end of the injection season - lower. The following geological-industrial 
data testify to the nature of the interaction. At the end of the gas extraction season, the reservoir 
pressure in the “working zone” on 28.03.2019 was 3.83 MPa, 01.04.2019 - 3.88 MPa, 06.04.2019 - 
3.93 MPa. That is, just 9 days after the end of the gas extraction season, the formation pressure 
increased by 0.098 MPa, of course, due to gas inflow from the peripheral sections of the deposit. 

 

 
Figure 2 - Dynamics of change in time formation pressure values in the “work zone” of the UGF and 

at the periphery 
 

Conclusions 
 

1. On the basis of detailed analysis geological structure at Bogorodchanske underground 
gas storage, significant heterogeneity of reservoirs along the section and the area of structure was 
established. 

2. It is established that the discrepancy between the actual and projected indicators of 
UGF operation is caused by the presence of poorly drained areas on the peripheral sections at gas 
deposit and the mismatch between real barrier conditions of underground gas storage with the design 
indicators. 



  

 
 Geoinformatics 2020 

11-14 May 2020, Kiev, Ukraine 

3. The results of geological-industrial analysis Bogorodchany UGF obtained in this 
work should be taken into account for the preparation of projects and corrections for the exploitation 
of underground gas storage facilities in order to improve and optimize gas-dynamic processes of gas 
injection and extraction from deposits. 
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