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Abstract. The paper studies areas of coal seams in the Western Donbass (Ukraine), which can potentially be suitable for
underground coal gasification (UCG) technology, which, in the conditions of the difficult energy situation in Ukraine, can
significantly affect the consumer market of energy carriers. On the basis of a detailed research on the mining-geological and
mining-technical conditions of ten sites according to the criteria for their suitability for UCG, the optimal site and coal seam
have been chosen. The structures of coal seams, side rocks (roof, bottom), the location and size of tectonic disturbances, hy-
drogeological conditions, as well as the technical and elemental composition of coal have been analyzed. Based on the con-
ducted research, it has been determined that it is recommended to place the experimental underground gas generator on the Cs
coal seam of # 4 site, located on the territory with the most developed infrastructure and optimal criteria for gasification suita-
bility. The practical significance of the research is in the fact that the experience of mining the UCG # 4 site of the experi-
mental gas generator allows adjusting the technology parameters for subsequent industrial replication. The proposed approach
to the selection of a site and a coal seam can also be tested in other coal deposits with similar mining-geological and mining-

technical conditions.
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1. Introduction

According to the prospected resources, Ukraine ranks
seventh in the world (34.2 milliard ton; total reserves are
estimated as 117 milliard tons). In this context, crude oil and
gas reserves are 2.4% of coal ones [1-4]. Due to the limited
resources of crude oil and natural gas (currently, output is 8-
9.3% of the required production) coal importance for the
national industrial complex growth and economic develop-
ment of Ukraine is closely connected with the progress of
coal sector [5-7].

Underground coal gasification (UCG) with further extrac-
tion and use of gasification products, which basic combustible
components are CO, CHa, Ho, is one of the ways to solve the
problems of clean coal technologies [8, 9]. However, no uni-
fied theory of complex underground processing of coal and
mine gases is available [10]. Consequently, the development
of complex environmentally friendly methods to transform
coal into new energy sources, liquid motor oils, olefins, and
paraffin is actual mission [11[11], 12].

School of underground coal gasification was founded
within the verge of Artem Dnipropetrovsk Mining Institute
(the Dnipro University of Technology today) in the 1920s.
Famous scientist, Professor O.M. Terpigoriev proposed the
basic principles of underground gas generator operation.
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Moreover, he participated actively in the industrial imple-
mentation of the first Pidzemgaz stations in Ukraine [13-15].
The suggested technology provides not only economical but
also ecological benefits [16-19].

Starting from 1968, a number of scientists and research-
ers from the Department of Underground Mining of the
Dnipro University of Technology (Artem Dnipropetrovsk
Mining Institute) took active part in studies and develop-
ments of UCG methods at Pidzemgaz stations in the Russian
Federation (Shatskaya and South-Abinsk stations); in Uzbek-
istan (Angren station); within lignite deposit of Synelnykove
experimental site in Ukraine; with the Russian Federation
research institutes (Skochinsky Institute of Mining; Uglegaz
of MMI; Uzbekistan (Tashkent Polytechnic Institute); in
Ukraine (Institute of Geology and Geochemistry of Combus-
tible Minerals in Lviv, Donetsk Research & Development
Institute, Dniprodiproshakht, Kryvyi Rih Mining Institute);
in Poland (Central Mining Institute in Katowice, AGH Uni-
versity of Science and Technology in Krakow, Research
Institute of Radical Technologies in Warsaw) etc. Design
institute Dniprodiproshakht has developed four production
projects of Pidzemgaz station for coal and lignite with the
participation of the Dnipro University of Technology em-
ployees [13, 20-22].
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Taking into consideration the criteria of coal seam applica-
bility for UCG, mining and geological, hydrogeological, and
mining conditions of the seam occurrence are analyzed to
substantiate the selection of an experimental gasification site
[23-26]. Thickness of a coal seam, its ultimate composition
and rank, physical and mechanical characteristics, structure,
texture and ultimate composition of rocks, enclosing the coal
seam, water inflow, disjunctive and plicative disturbances are
the basic criteria in terms of which the coal seam is applica-
ble/inapplicable for UCG [27-30]. The required design capaci-
ty of a site for underground coal gasification as well as its
service life is calculated basing upon the coal reserves and
taking into consideration the payback for the construction and
operation of gas generators [31-34]. Ultimate composition
(output of combustibles V = 27-36%), structure and texture of
coal seams, make them maximally applicable for UCG [35].

The aim of this study is to conduct an investigation of
coal seams in the Western Donbass (Ukraine), which can
potentially be suitable for underground coal gasification
(UCGQG) technology.

2. Materials and methods

It should be noted that there are no unified criteria to
evaluate the expediency of underground coal gasification use
within the coal deposits [36, 37]. The Dnipro University of
Technology has applied author’s approach to determine the
expediency of UCG use for the specific mining and geologi-
cal conditions. The approach was tested industrially and
supported as an efficient one while developing technical
documentation of the underground gasification project as
well as feasibility study (FS #3858) within Synelnykivske
lignite deposit. Calculation of the document was supple-
mented by the data taking into consideration the current
approaches concerning applicability of lignite and coal de-
posits for UCG [38, 39].

As practices have shown, the methods are rather efficient
while determining UCG applicability in terms of manufactura-
bility and in terms of economic indices. To evaluate potential
gasification, a deposit is divided into patterns. Their applicabil-
ity for underground gasification is identified with the help of
general coefficient K which depends upon the natural parame-
ters of gasification area occurrence relying upon the relevant
coefficients [40, 41].

Carbonous content of Western Donbas is associated with
Lower Carboniferous deposits of Ci series [42-44]. The coal
seams occur at 3-12° north-eastwardly. Rock occurrence is
linear one with northern and north-eastern dip at a 3-4° an-
gle. The angle increases up to 5-8° in the neighbourhood of
tectonic fault zones [45, 46]. The coal field contains three
geological and industrial areas: Petrykivka, Novomoskovsk,
and Petropavlivka. The coal is mined by DTEK Pav-
lohradvuhillia established in 1974. It involves 11 mines,
Pavlohrad Preparation Plant, and other enterprises [47-49].

Further thorough study of Western Donbas deposits is re-
quired since their traditional mining is neither efficient nor
expedient [50-52]. Moreover, sites of coal seams (both bal-
ance and off-balance ones), left in the process of mine opera-
tion, should also be analyzed since according to their criteria
they may be applicable for UCG. In the next section we will
discuss the characteristics of the selected sites.

In summary, our methodology offers a comprehensive
framework that synergizes innovative evaluation techniques
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with practical industrial insights. This approach systematical-
ly dissects the coal deposit into distinct patterns, facilitating a
nuanced analysis of each zone's gasification potential based
on geological and economic parameters. By employing a
unique general coefficient and integrating current best prac-
tices, we enhance the feasibility and efficiency of under-
ground coal gasification projects.

3. Results and discussion

3.1. Geological investigation of selected sites

Sites#1, 2, and 3 are located within a field of Pav-
lohradska mine in Pavlohrad District of Dnipropetrovsk
Region. It is a north-eastern slope of Ukrainian crystalline
rock mass, stretching along the south-western boundary of
the Dnieper-Donets Rift. Pavlohrad Town is at 8.0 km dis-
tance south-westwardly. Donetsk-Kyiv highway and Pav-
lohrad-Lozova and Krasnoarmiisk railway are nearby.

Site #1 is within the eastern mine-take wing. Its dimen-
sions are: 2000 m along the strike and 350 m down-dip. The
site area is 700000 m?. Pivdenno-Ternivskyi fault limits it in
the north (H is 30-130 m). The fault has a small branch line
in the central share of the site (i.e. fault #11 where H is
1.5 m) (Fig. 1).
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Figure 1. Site #1 plan

Site #2 is within a slope share of the western field of Pav-
lohradska mine. Its dimensions are: 1500 m along the strike
and 1400 m down-dip. The site area is 610000 m?. In the
north, it is limited by Pivdenno-Ternivskyi fault #11 (H is
30-130 m; and 58-68°). In the west, the site borders on
Blahodatna mine field (Fig. 2).
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Figure 2. Site #2 plan
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Site #3 is within the eastern mine-take wing. Its dimen-
sions are: 900 m along the strike and 850 m down-dip. The
site area is 765000 m2. In the west, it is limited by fault #12
(H is 0-35 m; <55°). In the east, it borders on Ternivska mine
field (Fig. 3).
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Figure 3. Site #3 plan

Up to 50 coal seams occur within the mine field. Only 9
of them are of working thickness (m > 0.45 m).

The coal belongs to gas rank. In terms of one of the basic
thickness criteria, C4 and Cs seams are applicable for UCG.
Below you can find characteristics of the seams in accord-
ance with all the criteria to identify their suitability for un-
derground coal gasification.

The coal seam C,4! is of simple structure; its occurrence is
linear at 3-4° angle northerly and north-easterly increasing
up to 5-8° within the zone of tectonic disturbances. Average
thickness of the seam is 0.77 m; it varies from 0.54 to 1.1 m.
The seam coal is low-ash and low-sulfur. Combustion heat
varies from 21.4 to 23.1 MJ/kg; average value is 22.1 MJ/kg.
The lowest calorific value is 17.3 kcal/kg.

The main roof of the seam and its floor is coal formation
(Cy) represented by the alternation of argillite, aleurite, and
sandstone strata. The immediate roof of the seam is repre-
sented mainly by tough massive argillites. The argillite may
be replaced with horizontally layered mica aleurite. Aleurite
roof stability is somewhat higher than the argillite one. The
main roof of the seam is represented mainly by horizontally
layered monolith aleurite of moderate stability.

Usually, horizontally layered tough aleurite of medium
stability is both the immediate and the main floor of the
seam. Its upper thickness is 0.9-1.2 m. In water, the aleurite
has a tendency to slaking and disintegration. Argillite of
“curly” type may occur in the immediate floor. The mineral
is unstable while watering. Hence, the rocks can be charac-
terized as weakly stable and moderately stable ones exclusive
of excessive fissuring zones in the neighbourhood of tectonic
disturbances. Water level is associated with coal deposits.
Pressure height is 54 m and more. Specific water output is
0.0036-0.073 m/s and K is 0.0056-1.72 m/day.

The coal seam Cs is of simple structure; its thickness is
continuous; occurrence is linear at 3-4° angle northerly and
north-easterly increasing up to 5-8° within the zone of tec-
tonic disturbances. The coal is of medium ash and sulfur
content. Combustion heat varies from 24.5 to 25.7 MJ/kg;
average value is 4.9 MJ/kg. The lowest combustion heat is
19.1 MJ/kg. Coal deposits, represented by the alternation of
argillite, aleurite, and sandstone layers, are the seam main
roof and floor. The immediate roof is represented mainly by
aleurite and argillite. The main roof is of medium caving
features (Az). The immediate roof is represented mainly by
aleurites and argillites. Aleurite of an upper layer is of
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“curly” type of 0.6-1 m thickness. Lower, it is with sand-
stones interlayers. The mineral is of medium stability. Argil-
lite of an upper layer (0.8-1.0 m) is of “curly” type. It is more
compact lower along the seam. It is moderately stable. It
becomes unstable if watering takes place. Figures 4-7 show
geological sections in terms of the sites.
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The water level is of fractured type and pressure one. Its
value varies from 58 up to 165 m. Specific output varies
from 0.0012 to 0.089 I/s; and Ky is 0.0037-1.36 m/day. Since
there are no natural impermeable layers on the rise, potential
water influx may be up to 3 m%h. The water will inflow from
sandstones, occurring above, and from the seam itself.

Site #4 is within Stashkov mine field in the eastern part
of Pavlohrad geological and industrial area being 30 km
away from Pavlohrad Town and 20 km away from Per-
shotravensk Town. The mine field is characterized by heavy
tectonic disturbance which concerns especially its west mine-
take wing. A number of sites in the neighbourhood of the
western technical boundary were not developed.

Geometry of site #4 is as follows: 1200 m along the
strike and 350 m down-dip. The site area is 420x800 m2. It
is limited by A fault (4 is 10 m) in the north; fault #3 (H is
0-20 m) in the south; Bohdanivskyi fault (& is 100 m) in
the west; and fault #5 (H is 0-10 m) in the east (Fig. 8).
Within the area, coal is represented predominantly by gas
coal ranks.

Figure 8. Site #4 plan

The carbonous formation involves two coal seams with
m > 0.45 m working thickness. In terms of one of the basic
criteria (i.e. thickness), Cs seam is applicable for under-
ground gasification. Below you can find their characteristics
in accordance with all criteria to identify suitability for UCG.

Coal seam Cs of Stashkov mine field is characterized by
heavy tectonic disturbance. Especially, it concerns the
western mine-take wing. A number of sites in the neigh-
bourhood of the western technical boundary were not de-
veloped. In this connection, sites of Cs seam, located down-
dip above Pozdovzhnyi fault as well as A fault limited by
faults #5 and 3 along the strike and up-dip through up to
20 m amplitude, are of great interest. Occurrence depth of
Cs seam varies from 340 down to 390 m. Its average thick-
ness is 1.05m varying within the range of 0.9-1.14 m. The
seam is of simple structure; its occurrence is linear and
continuous. Slope angle is 3-5°.

Combustion heat of the coal varies from 24.7 to
26.4 MJ/Kkg; average value is 25.4 MJ/kg. The lowest combus-
tion heat is 18.1-18.8 MJ/kg. Within the analyzed site, reserves
of Cs seam are evaluated as 540 thousand tons.

Coal deposits (C1) are both the roof and floor of the
seam. They are alternations of argillite, aleurite, and sand-
stone layers. Right in the roof, carbonous rocks are repre-
sented by argillites (4 m thickness); overlying aleurites
(12.5 m thickness); and argillites above them (9 m thick-
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ness) with sandstone interlayers of 2 m thickness. Above,
the geological section demonstrates alternations of sand-
stones and sandy siltstone. Argillite and aleurite are reliable
impervious strata. They will protect the fire face against
static water getting from the sandstone.

Argillite with 2 m thickness and aleurite of “curly” type
with 2.5 m thickness occur right in the floor. Rocks of the
immediate and main roofs are slightly fissured and horizontal-
ly layered. The fact favours significantly their caving. Rocks
of the immediate rocks are from slightly stable to the moder-
ately stable ones. In view of a minor bend between the devel-
opment wells, sandstone will be rather stable. Figure 9 demon-
strates the geological section.
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Figure 9. Geological section IX-IX

Gas permeability of the rocks is minor; sandstone is aq-
uitard (0.1 millidarcy); aleurite and argillite are tight.

The seam coal is fissured; two systems of cleats are ob-
served in it. The cleats stretch almost coincides with the
seam strike. The coal is permeable; water conductivity
coefficient of the seam is K. =25.61 m?day. Within the
area of the coal seam burning, potential water inflow may
be 3 m¥hour.

Hydrogeological conditions of the site are relatively fa-
vourable. The site is isolated all around by tectonic disturb-
ances resulting from hydraulic connection with the above-
mentioned water-bearing levels. The water is associated
with coal and sandstone seams. Aquifer of karst deposits is
of sheet-like and fissured type with a subartesian surface.
Pressure (H) varies from 49.35 up to 71.9 m. Filtration coef-
ficient is K¢ = 0.0045-0.914 m/day. Water conductivity coef-
ficient is K¢ = 5.28-13.3 m?/day. Since the sandstone is lim-
ited by tectonic disturbances, the roof sandstone contains
minor reserves of static water. The seam inundation will
take place at the expense of the water reserves being availa-
ble within the seam. These parameters suggest a predictable
hydraulic behavior during extraction operations.

Northwardly, site #5 borders on Zakhidno-Donbaska
mine field; southerly, it borders on Yuvileina mine field.
Site #6 is within Zakhidno-Donbaska mine field being at
the territory of Petropavlivka District of Dnipropetrovsk
Region. District centre Petropavlivka is at the distance of
20 km from the mine. Moreover, Pershotravensk Town and
Brahynivka railway station is nearby.

Dimensions of site #5 are as follows: 2400 m along the
strike and 400 m is down-dip. The site area is 960000 m?2.
Pozdovzhnyi fault #1 limits it northwardly (His 18-8 m;
<57-75°); and fault #4 limits it southwardly (H is 0-12 m;
<6575°) (Fig 10).
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Figure 10. Plan of sites #5 and 6

Site #6 is in an incline share of the mine field. Its dimen-
sions are as follows: 3600 m along the strike and 400 m
down-dip. The site area is 1440000 m2. On the rise, it is
limited by Lozovskyi fault. (H is 0-60 m; <60-70°); Pozdov-
zhnyi fault #1 limits it down-dip (H is 18-85 m; <57-75°)
(Fig. 10). Up to 40 coal seams and layers have been penetrat-
ed; 13 of them are of working thickness (m>0.45 m). The
coal is of gas and fat rank. In terms of a thickness criterion,
being one of the basic ones, Ce+Cg! seam is of interest from
the viewpoint of gasification. Below, you can find character-
istics of the seam.

In terms of site #5, average occurrence depth of Ce+Ce!
seam is 240 m; it is 285 m in terms of site #6. Its thickness
varies from 1.14 to 1.18 m with average 1.15m value in
terms of site #5, and 1.00 to 1.40 m with average 1.12m
value in terms of site #6. Ce+Cq' Seam is a continuous for-
mation with a simple structure. Its occurrence is flat with 2-
5° of rock inclination angle. The coal is of ash and sulfur
content. Its combustion heat varies from 23.9 up to
26.2 MJ/kg; average value is 25.1 MJ/kg. The lowest com-
bustion value is 17.8 MJ/kg.

Argillite (60%) and aleurite (39%) are the immediate roof
of the seam. Very rarely, sandstone (1%) is available. Aleu-
rite and argillite are fissured with flora remnants. The depos-
ited minerals are from slightly stable to unstable and very
unstable ones. The main roof is unstable and easily caved.
Sandstone contains minor capacity of static water. Expecta-
ble water inflow is 9 m%hour.

The immediate floor is represented by aleurite (65.5%),
argillite (34%), and sandstone (0.5%) in some cases. The
aleurite and argillite are of cloddy texture; a layer of “curly”
type with up to 1-1.5 m thickness occurs over them. It con-
tains phytoleims. Water-bearing levels are associated with
the seams of coal, sandstone, and limestone. The layer is of
moderate stability; it becomes unstable while moistening.
Figures 11 and 12 show geological sections of the sites.

Sand of Buchak Paleogene series is the roof. The water-
bearing system is of sheet-like and fissured type with a subar-
tesian surface. Average filtration coefficient is 0.68 m/day.
The upper share of the section is of higher filtration character-
istics. Carbon aquifers are connected hydraulically with Neo-
gene-Paleogene and Quaternary deposits.

In view of the fact that the sites are isolated from the hydrau-
lic connection by means of the abovementioned water-bearing
levels, the seam inundation will take place owing to the water
reserves available within the coal stratum.
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The sites #7 and 8 are within Blahodatna mine field in
Pavlohrad District of Dnipropetrovsk Region. The mine field
area is 32 km2 Its northern boundary passes through
Verbskyi fault; false one passes through Pavlohradskyi-
Viazivskyi fault.

The settlement of Blahodatne is at the mine field territo-
ry. Pavlohrad Town is at 8.0 km distance south-westwardly.
Donetsk-Kyiv highway as well as Pavlohrad-Lozova and
Pavlohrad-Krasnoarmiisk railway is nearby. The major one
Samara River, being a left feeder of the Dnieper River, flows
in the southern part of the mine field.

The analyzed site #7 is in the incline part of the mine
field. Its dimensions are: 850 m along the strike and 1350 m
down-dip. The site area is 1147500 m?. In the north, it is
limited by Pivdenno-Ternivskyi fault; in the south, apophyse
A-A (H is 2.5 m, <55°) limits it (Fig. 13).

Figure 13. Site #7 plan
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Tectonic disjunctive fault isolate site #7 from the upper
water-bearing levels. Water will inflow from sandstone and
the seam itself. Expectable water influx is up to 8 m%hour.

Site #8 is within the incline part of the field. Its dimen-
sions are: 2300 m along the strike and 1000 m down-dip. The
site area is 2300000 m?. In the north, the site is limited by
Pivdenno-Ternivskyi fault (H is 30-130 m, <55-65°); and in
the east it borders on Pavlohradska mine field (Fig. 14).
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There are 12 seams on the mine balance. The coal is of
gas ranks. In terms of thickness, being one of the basic crite-
ria, Cs-Cs' seams of site #7 are of interest for UCG. Site #8 is
represented by C4-C4® coal seams. Below you can find char-
acteristics of the seams.

The seam is of simple structure; its thickness is stable;
occurrence is continuous; rock inclination is at a 3-4° angle
northwardly and north-eastwardly. The seam is separated by
disjunctive disturbances. The coal is of medium ash and
sulfur content. Combustion heat varies from 24.4 to
25.2 MJ/kg; average value is 24.8 MJ/kg. The lowest com-
bustion heat is 18.9 MJ/Kkg.

The immediate roof of the seam is represented mainly by
aleurite and argillite. Aleurite is horizontally layered; its
hardness is medium, varying from low stable to unstable one.
Argillite is layered with the insignificant amount of open-
type fissures; it is of moderate hardness.

Argillite, aleurite, and sandstone are the seam main roof
and floor. The main roof is easily caved. The immediate floor
is represented mainly by aleurite and argillite. Aleurite is
slightly fissured; on the top, it is of “curly” type with 0.6-
1.0 m thickness. Argillite is horizontally layered; on the top,
it is of “curly” type (m = 0.8-1.0 m). Figure 15 demonstrates
its geological section. The seam is of simple structure; its
occurrence is continuous; rock inclination is at 3-5° angle
north-eastwardly.
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Figure 15. Geological section VII-VII
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Occurrence depth varies from 84.0 to 122.0 m. Its thick-
ness varies from 0.75 to 1.10 m. Average value is 0.85 m.
The coal is of medium ash and sulfur content. Combustion
heat is within the range of 24.05-26.6 MJ/kg. The lowest
combustion heat is 17.4 MJ/kg. In terms of site #8, the seam
reserves are 2.2 million tons. Geological conditions are simi-
lar to those within site #2.

The immediate roof of the seam is represented mainly by
tight and massive argillite replaced in some cases with hori-
zontally layered aleurite. Aleurite roof stability is somewhat
higher to compare with the argillite one. Argillite, aleurite, and
sandstone layers are the main roof and floor of the seam. The
main roof is represented mainly by horizontally layered, mon-
olith, and stable aleurite. The immediate floor of the seam is
represented by mainly horizontally layered, dense, and medi-
um-stable aleurolite; at the top, it is 0.6-1.4 m thick of
“curly” type. In water, the aleurolite is prone to swelling and
breaking. Argillite may occur within the immediate floor. In
case of watering, it is not stable. The enclosing rocks of seam
C4- C4° belong to the unstable ones except the zones of in-
creased fissility near the tectonic disturbances.

Aquifer is of layered-fissured type with pressure sur-
face. Specific output is 0.0036-0.073 I/s, K; is 0.0056-
1.72 m/day. Basing on the fact that there is no structural
barrier from the side of seam outcrop, one can expect water
influx of up to 30 m¥/hour.

Site #9 is located within the field of Ternivska mine. The
mine is located in Pavlograd District. There are such settle-
ments as Blahodatne and Ternivka near the mine; the town of
Pavlohrad is located north-westward at the distance of
13 km. Donetsk-Kyiv highway as well as the railway con-
necting Donetsk and Dnipro is nearby. The site is located
within the eastern flank of the incline area of the mine field.
The site dimensions are as follows: along the strike — 1150 m
and to the dip — 1500 m. The site area is 740000 m? (Fig. 16).
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Figure 16. Plan of site #9

The coal within the area is of gas rank. Coal-bearing
thickness contains 9 seams of working thickness

(m>0.45m). Among them, seam Cg- Cg® is suitable for
gasification in terms of its thickness. The seam characteris-
tics are given below.
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Depth of the seams Cg+Csg® occurrence varies from 65.0
to 85.0 m. Average seam thickness is 1.4 m. Rock occurrence
is linear and stable. Seam structure is complex; interlayer
thickness in the middle of the seam is 0.1-0.5 m. Rock incli-
nation is northward at the angle of 3-5°. Coal is of low ash
content and mid-sulfur. Combustion heat varies within the
range of 22.9-25.6 kkal/kg; average value is 23.8 kkal/kg.
Lower combustion heat is 18.2 kkal/kg.

The dividing rock layering, represented by massive,
slightly micaceous argillite broken by rare fissures, is the
immediate roof of Cg® seam. In terms of thickness being less
than 1 m, that is a “false” roof. The argillite is of lumpy tex-
ture with the vegetation remains.

It is prone to caving and sloughing. The aleurolite is
slightly micaceous, horizontally layered, and unstable with
the thickness of 3-15.5 m; it is broken by fissures. The main
roof is represented mainly by aleurolite and sandstone. Min-
ing conditions are complex due to the neighbouring Buchak-
skyi aquifer.

Homogenous and massive argillite (m = 1-17 m) prevails
within the immediate floor; within the upper share (0.6-1 m)
it is of lumpy texture and of “curly” type. It is unstable. The
main and immediate floor rocks are characterized by low
stability; they are prone to swelling while watering. Fig-
ure 17 shows the geological section.
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Figure 17. Geological section VIII-VIII

Permeability of the enclosing rocks is lower than the one
of coal. Coal reserves in terms of the seam within the site
boundaries are 3.1 million tons.

Sandstones, limestones, and coal seams are aqueous
among the Carbon deposits. A weathering zone developed
down to the depth of 150-200 m as well as the sites of coal
seam and sandstone outcrops under the sands of Buchakska
series are the most watered ones in the Carbon thickness.
Aquifer is of strata and fissured type with the pressure sur-
face. Pressure head is 54 m and higher. Specific output is
0.0036-0.073 I/s, Ks is 0.0056-1.72 m/day. Buchakski sands
and the seam occurring by 25-30 m higher are involved in
the seam watering. Paying attention to the shallow depth of
the seam occurrence and its considerable watering, water
influx is expected to be up to 20-26 m*/hour.

Site #10 is located within the field of Yuvileina mine in
Pavlohrad-Petropavlivka district of Western Donbas. Follow-
ing settlements are right near the site: Pershotravensk (town),
Petropavlivka (settlement) located 12 km north-eastwardly,
and Pavlohrad (town) to the north-east at the distance of
45 km. Regional centre of Petropavlivka includes bast plant,
flour milling plant, and butter making factory. Villages of
Rosynky and Mykolayivka as well as Brahynivka railway
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station are located near the mine. Railway main line Yasyn-
uvata-Pavlohrad-Dnipro passes at the distance of 5 km from
the site boundary, it is connected with Yuvileina mine by the
rail access through Mykolayivka station.

Site #10 is within the inclined mine field. It is limited by
the following faults: Podovzhnyi #3 in the north
(H-6-10 m, <70°) and Podovzhnyi in the south (H —40-
125 m, <60-70°). The site dimensions are as follows: along
the strike — 2000 m and to the dip — 300 m. The site area is
600000 m? (Fig. 18).

Figure 18. Plan of site #10

The coal rank within the site under analysis is gas. Coal-
bearing thickness contains 10 seams of working thickness
(m>0.45 m). Among them, Ces seam is suitable for UCG in
terms of one of the main criteria. The seam characteristics
are given below. Depth of the seam Cs occurrence varies
from 250 to 280 m. The thickness is within the range of 0.85-
1.2 m in terms of the average value of 0.9 m. The seam is of
simple structure; the rock occurrence is linear and stable.
Rock dip is south-eastward at the angle of 3-5°.

Coal is with medium ash and sulfur content. Combus-
tion heat is within the range of 22.3-25.4 MJ/Kkg in terms of
average value of 23.1 MJ/kg. The lowest fuel combustion
heat is 17.7 MJ/Kg.

Argillite is the immediate roof of the seam (60%); aleu-
rite occurs rarely (40%). The argillite is dark gray; its
thickness varies from 1.2 to 1.7 m; it is of low stability. The
aleurite is gray; it alternates with sandstone. Its thickness is
0.75-1.1 m. It is of low stability. In turn, it becomes unsta-
ble within the excessive fissuring zones. The immediate
roof consists of aleurite (70%), argillite (29%), and sand-
stone (1%). The aleurite is gray and white mica-schist with
plant remains; it is “curly” type in the upper share of the
layer. Its thickness is 0.35-15m. It has a tendency for
slacking. Its stability is of medium value; it becomes unsta-
ble while watering.

The main roof is easily caving. It is represented by dark
gray argillite with plant remains; it is of “curly” type in the
upper share of the layer. Its thickness is 0.5-12 m. It has a
tendency for slacking and for intensive heaving. It is unstable
mineral. Sandstone, limestone, and coal seams are the wa-
tered rocks. Water content depends upon the fissuring de-
gree. Aquifer is of sheet-like and fissured type. Well outputs
penetrate the coal levels. In terms of maximum decrease,
being 3.6-79.5 m, they vary from 0.052 to 1.8 I/sec; specific
output varies from 0.0013 to 0.178 I/sec. In view of the fact
that the faults protect the site from the upper aquifers, the
expected water inflow may be 3 m%hour. The seam reserves
are 1.2 million tons within the site.



V.S. Falshtynskyi et al. (2025). Engineering Journal of Satbayev University, 147(1), 31-42

3.2. Substantiated applicability coefficients for the select- insights into the variability and reliability of key parameters.
ed sites Relying upon the practices of Pidzemgaz stations, field ex-

A comprehensive review of the site's geological and op-  Periments, bench tests, laboratory studies, and analytical
erational characteristics was first undertaken to ensure the  research, and taking into consideration the factors, influenc-
selected locations meet all technical and safety requirements. ~ ing gasification of DTEK Pavlohradvuhillia coal seams,
Detailed field observations, combined with in-depth labora-  @pplicability coefficients, shown in Tables 1-4 have been

tory analyses and numerical modeling, have provided critical ~ Substantiated.

Table 1. Basic expediency criteria of underground gasification as for the coal seams of Western Donbas (Part 1)

Structure of the coal seam Wall rocks (roof, floor); total
Ratio between ) Thickness of Thickness of | Distance from the seam roof Sulfur
Coal the_ thickness Expansmn of  clays or other clays or other to certain high-_permeable content in
seams ™M A, % of interlayers the mterlayers Iow-per_m(_eable Iow-per_mt_eable Iaye_rs or undrained water- the seam:
and the seam | over the site | rocks within the = rocks within the | bearing levels (h2); hz > h, S % '
thickness; area; Sp/S roof; hl, m floor; h, m h. — height of fractured zone, !
Mpr/m h/m > Hoby; H>20m m
Csd 077 82-23 - - 6.2>4 32>2 8.0>6.9 1.4
Cs 1.05 102-12 - — 8.8>53 40>2 10.2>8.38 15
Ces 115 92-21 - — 8.1>59 35>2 95>09.2 1.7
Cs 085 11.2-28 - — 77>43 25>2 11.3>738 2.3
Cs 140 8.8-30 0.36 0.68 9.8>73 36>2 12.0>11.2 2.8
Ces 0.9 10-26 - - 145>46 22>2 10.6 >8.5 2.2

Table 2. Basic expediency criteria of underground gasification as for the coal seams of Western Donbas (Part 2)

Minimum safe mining depth Qair, Qoxygen, Qair, Qoxygen, -
Coal  (Hs, m) and angle of s%ampdip Tectonic disturbances MJ/m?3 MJ/m? MJ/m3 Myms  atio between the
seams  « =0 up to 45 H/m > 15, Lu>Lr Water influxinthe  Humidity of UCG gas, 925 Permeability
_ _ 3 3 of coal and rocks
where n =15, Hb=m-n channel, m%hour g/m
cit 29.6 m > 11.5; The site boundaries; dis- 3.2 7.14 3.2 7,14 17 - 28
Hp=11.5m junctive disturbances 13-24 421 265
Cs 96.8 m > 15.8; The site boundaries; dis- 3.48 7.5 3.48 7,5 16 -24
Hp=158m junctive disturbances 0.86-1.2 308 226
Co 725 m>17.3; The site boundaries; dis- 2.94 6.68 294 6,68 19-29
Ho=17.3m junctive disturbances 1.0-1.45 375 254
Ca 447 m>12.8; The site boundaries; dis- 2.4 5.42 2.4 5.42 18 -30
Hp=12.8 m junctive disturbances 212 -3.07 505 378
Cs 25.4m>21; The sitg bou_ndaries; dis- 2.6 5.5 3.63 7.66 17-32
Hpo=21m junctive disturbances 2.2-3.24 493 365
Co 17.5m>9.7; The site boundaries; dis- 2.71 5.65 3.31 7.34 19-28
Hpo=9.7m junctive disturbances 1.8-2.52 476 334
Table 3. Coefficient of suitability of Western Donbas coal seam sites for UCG (Part 1)
Geological factor Hydrogeological factor
Coal regeor?/les Thick- Strzl:r(]:éure Ash Mining Disturb- Lithology of Waterin_g_and Water influx Seam Seam
ness of content ance of permeability of  into the gas - permea-
seam | and coal coal seam texture of coal depth UCG site wall rocks rocks generator watering bility
rank of seam roof = floor
C4t 0.66 0.54 0.61 0.82 0.64 0.65 0.71 0.6 0.62 0.64 0.82 0.76
Cs 0.65 0.65 0.82 0.84 0.85 0.74 076 0.71 0.74 0.72 0.85 0.84
Cs 0.68 0.66 0.8 0.82 0.81 0.63 0.7 0.55 0.70 0.66 0.82 0.84
Cs 0.73 0.56 0.66 0.76 0.64 0.67 0.72 0.56 0.61 0.58 0.80 0.76
Cs 0.74 0.68 0.55 0.67 0.62 0.64 0.68 0.50 0.63 0.61 0.8 0.78
Cs 0.67 0.6 0.65 0.72 0.83 0.74 0.69 0.52 0.65 0.64 0.78 0.80

Table 4. Coefficient of suitability of Western Donbas coal seam sites for UCG (Part 2)

Mining and technical factor

Coal Rock pres- = Coal losses = Blowing and = Environmental H Available consumers of the
o . eat losses e
seam sure in situ gas losses protection gasification products
Cat 0.82 0.78 0.80 0.77 0.52 0.83
Cs 0.80 0.88 0.90 0.87 0.62 0.85
Cs 0.80 0.86 0.88 0.85 0.63 0.80
Cs 0.83 0.78 0.80 0.78 0.54 0.84
Cs 0.85 0.74 0.77 0.74 0.64 0.80
Cs 0.80 0.84 0.86 0.82 0.57 0.85
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Coefficient of coal
seams suitability for
UcG
0.64
0.70
0.71
0.67
0.68
0.66
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The coefficients represent the possibility to mine coal
seams of the sites using underground coal gasification meth-
od involving the implementation of operational parameters,
providing success of the technique. It is recommended to
place an experimental gas generator within coal seam Cs of
UCG site #4 where there is the most developed infrastruc-
ture, and criteria of applicability for gasification are optimal.
Development practices of UCG site #4 will help correct the
technological parameters for further industrial expansion.

Building on these coefficients, the next step is to conduct
pilot-scale experiments that will help us validate and fine-
tune the UCG process under controlled conditions. We be-
lieve that the insights gained during this trial will allow us to
adjust our gasification methodology more accurately and
enhance the simulation models we use for similar geological
settings. Continuous monitoring, along with close collabora-
tion with field experts, will be crucial to ensuring both the
efficiency and safety of the operation as we advance toward
industrial-scale applications.

4, Conclusions

The following was taken into consideration while deter-
mining applicability for UCG of the sites of Western Donbas
coal seams at the territory of DTEK Pavlohradvuhillia:

— operation analysis of Ukrainian Pidzemgaz stations in
the process of coal gasification;

— pursuance of the research using underground experi-
mental gas generator and bench units;

—geological, hydrogeological, and structural conditions
of the coal seams occurrence; and

—surface topography as well as infrastructural develop-
ment.

The determined coefficient of changes in the applicability
of coal seams for gasification depends upon the availability
of natural protective layers (i.e. disjunctive disturbances) at
the boundaries of the strata. The layers provide tightness of
underground gas generators in terms of stratification. Occur-
rences depths, being 65-390 m, and 26-45 m distances be-
tween the coal seams make their underground gasification
safe, taking into consideration 0.77-1.4 m gasification thick-
ness. Water inflow into an underground gas generator is
0.86-3.24 m3/hour involving extra expenditures connected
with the preparation and operation of the underground gas
generators within such UCG sites as #1, 7, 8, and 9.

It is recommended to place an experimental gas generator
within coal seam Cs of UCG site #4 where there is the most
developed infrastructure, and criteria of applicability for
gasification are optimal. Development practices of UCG site
#4 will help correct the technological parameters for further
industrial expansion.

The practical significance of the research is in the fact
that the experience of mining the UCG # 4 site of the exper-
imental gas generator allows adjusting the technology pa-
rameters for subsequent industrial replication. The proposed
approach to the selection of a site and a coal seam can also
be tested in other coal deposits with similar mining-
geological and mining-technical conditions.
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Batbic [lon0acce (YkpanHa) keMip Ka0aTTaApbIHBIH KOMIP/i )KepacTbl
ra3JIaHAbIPyFa ’KapaMIbLIbIFbIHBIH HeTi3aeMeci

B.C. ®ansmrunckuitt, P.E. Juukosckuii?, B.I'. Jlosunckuii'”, I1.b. Cauk®, M.U. Jlo3unckas®

Y /Tnenp nonumexnuxacol» yimmolx mexHuxanvix ynusepcumemi, nenp, Ykpauna
2Kpaxosmasel may-xen memannypeus axademusicol (AGH), Kpaxos, ITonouia

S«eobumy 2eono2usnvlk konyepni, Xuianys, Ionvua

*Koppecnonoenyus ywin asmop: 1ozynskyi.v.h@nmu.one

Anaarna. Makanana KeMip/i jkepacTsl ra3gasaslpy TexHonoruscsiHa (ITrB) sxapamas! 6omysr MyMmkin batsic [lonGacc
(Ykpanna) xemip KaOaTTapblHBIH ydacKesepi KapacTelpbuiraH. Byn TexHomorus YKpawHaHblH KypJleidi HEepPTreTHKaIbIK
JKarqaibl KarmailblHaa SHEPrusl TYTHIHYIIBUIAPBIHBIH HapbIFbIHA aiiTapibIKTail ocep eTyi MyMkiH. OH y4acKeHiH Tay-KeH-
TEOJIOTHSIIBIK JKOHE Tay-KeH TeXHHUKAJBIK JKaFIailapblH erKel-Ter kel 3epaeney Herizinae onapasiy [11'B-rFa sxapaMasuIbIK
KpuTepHiiaepi OolbIHIIA OHTAIIBI yyacke MEH KeMip KadaThlH TaHaay Ky3ere achlpbuiabl. Kemip xabarrapblHbIH, OYiipitik
JKBIHBICTapAbIH (IaTHIP, TabaH) KYpbUIBIMIAPHI, TEKTOHUKAJIBIK OY3bUTyJIapAbIH OPHANACYbl MEH MOJIIEpi, THAPOTr€0JIOT HSUITBIK
JKaFainap, COHAal-ak KeMIpAIH TEXHHUKAJBIK JKOHE 3JIEMEHTTIK Kypambl TangaHaabl. JKyprisuireH 3epTrey HerisiHue
9KCIIEPUMEHTTIK JKepacThl I'a3 TeHEPaTOPHIH €H JaMblFaH MH(PPaKYphIIBIMBI JKoHE Ta3aHAbIPyFa *KapaMIbUIBIFBIHBIH OHTaHIIbI
KpuTepuiiiepi Oap aymakra opHanackan Ned4 yuackeHiH C5 kemip KabaTblHa OpPHAJIACTBIPY YCBHIHBUIAJBL 3€pTTEYAiH
MPAaKTUKAIBIK MAaHBI3ABUIBIFEl AKCIEPUMEHTTIK Ta3 TeHepaTopslHBIH Ned4 MIB ydacKeciH MBICHIKTay ToXipuOeci KeHiHTi
OHEPKACINTIK TapajbIM VIIiH TEXHOJIOTHS IMapaMeTpiiepiH Ty3eTyre MyMKiHAiK Oepeni. Y4acke MEH KeMip KaOaTbIH TaHIayFa
YCBIHBUIFAaH TOCUIAI Tay-KEH I'€OJIOTHAJIBIK XKOHE Tay-KeH TEXHHKAJbIK XKarJaiaapsl yKcac 6acka KeMip KeH OpbIHIApbIHAA Ja
TeKkcepyre 00Iabl.

Hezizzi co30ep. komipoi dcepacmul 2a30anobipy, Kabam, 2a3z 2eHepamopbl, mac KOMIp, KeH OpHbL.
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O06ocHOBaHNME MPUTOTHOCTH YIOJbHBIX IJIACcTOB 3anagnoro Jdonbdacca
(Ykpanna) k moa3eMHOM rasupukanum yris

B.C. ®ansmrunckuitl, P.E. Juukosckuii?, B.I'. Jlosunckuii®”, I1.b. Cauk®, M.U. Jlo3unckas®

Hayuonanvuwiii mexuuveckutl ynusepcumem «Juenpoeckas noaumexnuxay, Juenp, Ykpauna
2Topro-Memannypeuueckas Axademus ¢ Kpaxoee (AGH), Kpaxos, [onvuia
8Teonoauueckuii konyepn «leobumy, Xwanye, Honvua

*Aemop ons koppecnondenyuu: 10zynskyi.v.h@nmu.one

AnHoTanus. B cratee paccMOTpeHBI y4acTKH YroJibHBIX IutacToB 3anagHoro Jlonbacca (YkpanHa), KOTOpbIE MOTYT OBITH
MPUTOHBI K TEXHOJOTUH Moa3eMHoM rasudukanuu yris (I1I'B). /laHHas TeXHOIOTHS B YCIOBHUSX CI0KHOTO SHEPT€THYECKOTO
TIOJIO’KCHUST Y KparHbI MOXKET CYIIECTBEHHO ITOBIIUATH Ha MOTPEOUTENBCKUH PHIHOK 3HeproHocurenei. Ha ocHoBe neransHOTO
U3y4EHHs] TOPHO-TEOJOTHYECKHX M TOPHOTEXHHYECKHX YCIOBHM HECATH Y4acTKOB IO KpUTepHsM ux npurognoctu k III'B
OCYIIECTBIICH BEIOOP ONTUMAIBHOTO y4acTKa M YroJbHOTO Iutacta. [IpoanansupoBaHbl CTPYKTYpHI YTOJIBHBIX IIACTOB, OOKO-
BBIX ITOPO/] (KPOBIIH, ITOOIIBHI), PACHIONIOKEHUE U pa3Mep TeKTOHHIECKUX HapyLIIEHUH, THAPOT€0JOTHIECKUE YCIIOBHUS, a TaK-
K€ TEXHUYECKHUH W DIIEMEHTHBIN cOCTaB yrid. Ha ocHOBe MpOBENEHHOTO MCCIEJOBAaHUS YCTaHOBIEHO, YTO SKCIEPUMEHTAIIb-
HBII NOJ3€MHBII Ta30r€HEPATOP PEKOMEHYETCS pa3MECTHTh Ha KAMEHHOYTONbHOM muacte Cs ydacTka Ned, pacrosoKeHHOTO
Ha TEPPUTOPUH C Haubosee pa3BUTOH MHPPACTPYKTYPOH M ONTUMaIbHBIME KPUTEPUSIMH MPUTOTHOCTH K Tazudukanuu. [Ipak-
THYECKOE 3HAYCHUE HCCIIEIOBAHKUS COCTOUT B TOM, 4TO ONBIT 0TpaboTKK yuacTtka [II'B Ned skcrniepuMeHTanbHOTO razoreHepa-
TOpa MO3BOJIUT CKOPPEKTUPOBATh MapaMeTpsl TEXHOJOTHH JUIA MOCIEAYIOIIEro MPOMBIIUICHHOTO THpaxkupoBaHus. [Ipemio-
JKCHHBII TIOAX0/ K BEIOOPY yYacTKa U YroJbHOTO IUIACTa MOXKET OBITh allpOOMPOBAaH TaKXKe Ha JPYTHX YTOJIbHBIX MECTOPOXK-
JICHUAX C MOX0XMMHU TOPHO-T€ONOTHYECKUMHU U TOPHOTEXHUYECKUMHU YCIOBUSIMH.

Knrwouegvie cnosa: noosemuasn cazuuxayus y2is, RAacm, 2a302eHepamop, KAMEHHbIl Y20.lb, MeECOPOICOeHUE .
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