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The object of research is the proven and promising innovative technologies for the construction and maintenance
of main roadways in difficult mining and geological terms of the Private Joint Stock Company (PJSC) Pokrovske
Mine Management of Metinvest-Pokrovskougillia Group (Ukraine).

The problem focused by the research is to ensure the effective innovative and modernized known technologies

application of the main roadways construction and maintenance in new coal units. Namely, the roadways and
chambers of the shaft yards, long horizontal and inclined main roadways to improve their operational state and
technical and economic indicators of mining engineering and extracting operations.

Based on the accumulated production experience, the results of the roadways state survey under construction
and in operation, analysis of documentation and scientific and technical developments of world scientific institu-
tions, recommendations for the investment projects implementation in terms of construction and mining technologies
optimizing had formulated. The recommendations include the introduction of combined support systems adapted to
mine management conditions, tunneling equipment of a new technical level of the world’s best producers, methods
of roadways maintaining by location in of floaded areas, and modern means of Geomechanic situation monitoring.

The expected economic benefit of reducing the cost of roadways maintaining may be 20—-25 %.
The results are summaries of cooperation with the engineering and technical staff of Mine Management Pok-

rovske and Metinvest Holding.

The results can be used in practice now, and more broadly after the victory and the start of economic recovery,

including in Ukraine’s mining sector.
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1. Introduction

Private Joint Stock Company (PJSC) Pokrovske Mine
Management is part of Metinvest Pokrovskvuhillia Group
and it is the largest coking coal producer in Ukraine and
Eastern Europe with reserves of 200 million tons. In 2021,
the company produced more than six million tons of raw
coal, and in 2022, amid the full-scale Russian aggression
and the company’s location in the frontline area, production
amounted to 5.3 million tons. It is the only coal mining
enterprise in Ukraine that carries out mine construction.
Unit 10 was constructed and put into operation, and work
is nearing completion on Unit 11, where the construction
of a 930 m horizon (hor.) shaft yard is being completed
and extracting are already underway. In 2021, the con-
struction of coal Unit 12 was launched (suspended in
February 2022), where it is planned to sink the skip No. 4

and air feed No. 4 shafts with a depth of 1400 m, as
well as large underground and surface complexes. The
goal of the project is to maintain the level of coking coal
production, which has been in high demand by Ukrainian
and foreign consumers since the 1930s [1, 2].

The construction and operation of Block 11 takes place
in difficult mining and geological terms, and the depth
of mining operations in Unit 12 will reach 1500 m, so
it is possible to confidently predict a further increase in
the cost of main roadways driving and maintaining. These
circumstances make the problem relevant from a scientific
and practical point of view.

A dozens of studies have been devoted to the scientific
and applied aspects of this problem, in particular in the
Pokrovsk Geological-Industrial District [3—8]. However,
there is an obvious need to summarize the latest produc-
tion experience and assess the prospects for innovative
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technologies in view of the current situation and with
the hope of rebuilding and modernizing the Ukrainian
mining industry after the victory.

The aim of research is to analyze the experience of
applying technologies for the main roadways construction
and maintenance at PJSC Pokrovske Mine Management
and to assess the prospects for the implementation of in-
novative solutions in the construction and operation of
new coal Units as part of the implementation of current
and future investment projects.

2. Materials and Methods

The object of research is the current and prospective
innovative technologies for the construction and mainte-
nance of main roadways in difficult mining and geological
terms of the new Units of PJSC Pokrovske Mine Ma-
nagement. The production and surveying services of Mine
Construction Company LLC surveyed the main road-
ways of Unit 11. The geological, technological, design
and investment documentation of the customer and con-
tractors Sviato-Pokrovska Mine No. 3 LLC and Mine
Construction Company LLC (formerly Donetskshakh-
toprokhodka Trust) and modern production experience
were analyze.

3. Results and Discussion

The development programs for Units 11 and 12 [1, 2]
for the next two decades envisaged the annual driving of
up to four kilometers of horizontal and inclined roadways.
Half of them will be main roadways, namely, long branches
and shaft yard chambers, main drifts, crosscuts, panel in-
clined entries, etc. The main roadheader and drill-and-blast
driving technologies, as in other countries with developed
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mining industries, will not change fundamentally for the
foreseeable future. In addition, the most commonly used
fastening types will remain metal frame support struc-
tures in combination with steel-polymer and flexible rope
anchors. For the Pokrovsk Geological-Industrial District,
the best frame support is the KShPU (unified hipped
yieldable support) made of heavy special interchangeable
profiles (SVP) No. 27 and 33, including stiffening stops.
The fencing of the interframe space will be metal mesh
or reinforced concrete piece ones continuously with sub-
sequent filling of the voids with grouting solutions after
knitting works [9-11].

The volume of main roadways under construction was
to gradually decrease within Unit 11 and increase within
Unit 12, Fig. 1-3, as underground construction works
were deploy in the latter. However, under martial law,
when the investment project of Unit 12 is suspended,
mining and construction works are concentrated in Unit 11
and in the reserve Unit 1, where the working seam dj
is categorize as thin and very thin. This is a forced but
necessary decision to maintain coal production in the
medium term.

Maintaining the stability of main roadways is a very
important task during the completion and operation of
Unit 11. However, it should be borne in mind that only
technologies that have proven to be reliable and economi-
cally viable should be use at Unit 12 with a 500-meter
deepening.

At depths of about 1000 m and more, even strong
rocks, such as sandstone, siltstone and limestone, become
unstable, covering large areas, and they are squeeze into
the roadways space. At the same time, when the strength
of the enclosing rocks seems to be sufficient, the road-
way stability begins to deteriorate sharply, and the rock
contour displacements increase abruptly.
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Fig. 3. Fragment of reserves mining schedule of Unit 12

Specifically, in the conditions of the Pokrovske Mine
Management, according to the survey and observations of the
state of the entries, such a negative effect is observed from
a depth of 750-800 meters. An example is the shaft yard and
other main roadways of the 930 m horizon, Fig. 4-7, where
a significant convergence of the rock contour, floor heaving
with a continuity fault in strong enclosing rocks is fixed.

Combined frame and anchor fastening structures with
subsequent tamponage in various modifications for long entries,
junctions and chambers are used, Fig. 8—10. However, for the
roadways with a cross-sectional area of about 40 m?, namely
the cargo and empty branches of the air supply shaft No. 3,
a rigid metal ring ovoidal support (MKZO) with a horseshoe-
shaped reverse vault was design and constructed, Fig. 11.

This metal and concrete support with rigid reinforcement
in a monolith with concrete is a closed oval-shaped structure
developed by the State Enterprise (SE) «Luhanskdiproshakht»
for the Pokrovske Mine Management conditions. The rigid
reinforcement used is an arch support made of SVP-33 with

stiffening stops, installed along the inner and outer con-
tour of the roadway, with a frame of reinforcing mesh and
a tightening mesh. The support of the reverse vault with
SVP-33 stiffeners and anchors before concreting, Fig. 12.

Obviously, the main and, probably, other roadways of
the next Unit 12 will been constructed with a reverse
vault to give the cross-section greater stability at depths
of about 1500 m and to prevent floor heaving.

If it is impossible to perform tamponage in the con-
structed roadways (voids have disappeared, damaged frames
and fencing elements), it is effective to use shotcrete to
enhance the load capacity of steel frames that have been
deformed and corroded [12]. The surface coating with
a layer of shotcrete that is an alternative to the very
expensive reconstructing process of underground roadway.
This technology is simple, fast, relatively cheap and safe,
and the relevant equipment and personnel are available at
the contractor, Mine Construction Company LLC, which
is part of Metinvest Pokrovskvuhillia Group.
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Fig. 12. Horseshoe-shaped reverse vault and anchors before concreting

The anchoring scheme characterized by mechanical re-
inforcement of not only the roof rocks, but also the side
rock walls to prevent the frame legs being squeeze out into
the roadway space.

In addition to the main tunneling machines KSP-42(43),
the mine has introduced P-315 super-heavy-type roadhea-
der (105 tons) specially developed for the mine’s conditions
in cooperation with Novokramatorsk Machine-Building
Plant (Fig. 13). However, during operation, design flaws
discovered that resulted in insufficient reliability. Develo-
pers and manufacturers are working together to solve the
problem. In 2022, the use of new EBZ-260 roadheader of
the well-known Chinese manufacturer SANYI began and
was successful. It is also of the super-heavy-type (85 tons).

Undoubtedly, the main constraint, difficulty and risk in im-
plementing Metinvest Group’s large-scale investment projects
at Pokrovske Mine Management are the hostilities and martial
law resulting from Russia’s full-scale aggression. However, all
of the holding’s assets in the government-controlled territory
continue to operate and investments not been suspended,
except for Unit 12.The victory will open up prospects for
further research and expand the scope of its implementation.

Thus, based on the production experience, visual inspection
and surveying observations of the state of long roadways,
chambers and junctions, analysis of design and technologi-
cal documentation, and scientific and technical literature,
recommendations for the implementation of investment pro-
jects as for introducing innovative and modernizing existing
technologies for main development and extracting operations
in mine management terms are provided. The recommenda-
tions include the main approaches to adapted systems of
combined support, the use of roadheader and complexes of
a new technical level from leading manufacturers, ways to
maintain rock mass stability, and the latest geomechanic sys-
tems monitoring means. The expected effect of reducing the
cost of maintaining and repairing workings may be 20-25 %.
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Fig. 13. An inclined roadway driving with a new super-heavy-type roadheader P-315

4. Conclusions

1. It is shown that during the completion and ope-
ration of Unit 11 and main roadways maintenance, the
situation can be improved by tamping the fastened space
using the optimal technology, and if this is not possible,
by shotcreting the main roadways surfaces. This is rele-
vant, including outside the shaft yards, as the relevant
equipment is available at Mine Construction Company
LLC. These measures can be combine with various types
of anchoring systems if necessary.

2. When designing the construction of main roadways,
attention should be pay to the use of modern means of
mechanization for all support types install — frame support,
metal rigid support, anchoring, shotcrete support — and
driving processes control. High-quality performance of these
works certainly affects further stability during operation.

3. The design of support systems in Unit 11 and espe-
cially in Unit 12 with a significant increase in the depth
of mining operation should take into account the transition
of even strong and stable rocks at shallower depths to an
unbounded state, the formation of large areas of broken rocks.
Let’s believe that here it is not possible to do without the
use of more stable section forms with a reverse vault and
its subsequent reinforcement and grouting, or simply with
backfill, which will also provide resistance to floor heaving.
This also includes the rationale for the use of closed frame
and rigid metal and concrete support structures.

4. The protection of main rock entries by locating them
in stress relief zones is an effective and well-tested method,
but there is no experience of its application at depths of
1500 m in Pokrovsk geological-industrial district terms.
This should be take into account when designing the con-
struction and mining operation of Unit 12.

5. The technologies and equipment for entries driving
should be design according to the criteria of efficiency
and reliability with preference for domestic developments,

but the cooperation between Pokrovske Mine Management
and leading foreign developers and producers should be
further evolve. In particular, the experience of the P-315
super-heavy-type roadheader specially designed for the
company’s conditions was not entirely positive.

6. The design of mine construction and extraction opera-
tions should base on existing regulatory documents, well-
proven technologies, as well as innovative ones, including
pilot operation of experimental scientific and technical
developments.

7. It is necessary to develop new regulations to se-
lect a technological driving schemes using roadheader and
drilling and blasting technology, introduce an observation
stations network in constructing entries and new methods
of roadway state monitoring using extensometers, bore-
scopes, penetrometers, etc.
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