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ASSESSMENT OF THE STABILITY OF A COAL-MINING ENTERPRISE'S ROCK DUMP
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Abstract. The article considers an approach to the use of geomechanical parameters of the stability of slopes of
dump systems as a component of a comprehensive environmental assessment of mining enterprises to be liquidated.
Performing a geoecological assessment is necessary to establish the possibility and effectiveness of carrying out eco-
oriented works during the conservation, closure and liquidation of mining enterprises. Numerical calculations are
demonstrated on the example of a representative object - the tailings massif of the SE "Zarichna Mine" of the
Mezhyrichan deposit of the Lviv-Volyn coal basin. The materials of the environmental impact assessment project (EIA) of
the liquidation of this mining enterprise were used as initial data. The given structure of waste object analysis and
calculations of sustainability indicators can be the basis for creating a standard procedure for geoecological assessment
of slope systems of mining enterprises at various stages of existence - from design to liquidation. It is also possible to
build a methodology standard for the relevant sections of the EIA of enterprises that have large-scale slope systems in
their structure. The limit state (equilibrium) methods were used as methods of calculating the stability coefficient of dump
slope systems. The results of the calculations show fairly close values of the stability coefficient for all methods. This is
primarily due to their similar methodological basis. It is advisable to direct further research to the application of
calculation methods based on other principles of building a geomechanical shear model, namely methods of the
mechanics of solid deformable body and numerical approaches for solving the calculation part of stability models. It is
also advisable to expand the structure of factors taken into account in geomechanical models of stability by adding
submodels of hydrosphere-filtration, atmospheric-climatic, seismic and other phenomena. Based on the calculation,
recommendations were made for further maintenance of the geomechanical properties of the dump in an
environmentally hazardous state. Monitoring and technological measures of eco-safety in the conditions of adverse
natural atmospheric, hydrospheric, climatic phenomena and reclamation works are defined.

Keywords: comprehensive assessment of the environmental safety of dump systems, the coefficient of stability of
the slope system, models of the stability of rock massifs, closure of mining enterprises.

1. Introduction

The activities of coal mining enterprises in Ukraine, which have been going on
for more than 250 years, have led to an increase in the technogenic load on the
environment. A significant part of Ukraine's territory, and in some regions up to a
third of their territory, is allocated to mining enterprises that extract minerals by
underground and open-pit methods - quarries of the Dnipro lignite basin and mines of
the Lviv-Volyn basin and Central and Western Donbas.

The largest number of coal industry waste heaps is concentrated in
Dnipropetrovsk and Donetsk regions and in the Lviv-Volyn basin. Over the course of
their existence, waste heaps pollute the air, soil, and surface groundwater, change
their size and morphology, are affected by exogenous processes, and burn. In
addition, 1t should be noted that more than 8 billion tons of waste have been
accumulated, which are placed on the earth's surface and are environmentally
hazardous.

This situation is inherent in both existing enterprises and liquidated ones.
Therefore, the conservation and closure of mining enterprises are the urgent problems
in mining regions. The overwhelming majority of closed enterprises have rock dumps
of different structure and configuration. In many cases, the dumps are reclaimed at the
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closure stage. Depending on the set of physical and chemical characteristics, the
degree of environmental impact of dump systems at the closure stage is determined. In
order to reduce natural and man-made hazards, a comprehensive environmental
assessment of waste dumps is required. A component of the assessment of geo-
environmental safety of dump systems is the determination of geomechanical
parameters of slope stability in the initial state and after reclamation.

The aim of the study is to assess the stability coefficient of a coal mine dump after
reclamation and to determine recommendations for further maintaining the
geomechanical properties of the dump in an environmentally hazardous state.

The need to calculate the stability of the slopes of the mine waste heap is due to
possible changes in its geomechanical state as a result of the cessation of the main
production processes and the planned reclamation.

Characterization of engineering and geological conditions. In geological terms,
the field of Zarichna Mine is located on the Mezhyrichan deposit of the Lviv-Volyn
coal basin. The relief of the area under consideration is calm. Absolute surface
elevations range from +195 m to +206 m.

The geological structure of the area under consideration includes sedimentary
deposits of the Devonian, Carboniferous, Jurassic, Cretaceous and Quaternary
systems. The Bashkirian stage is represented by sandstones, sandy clay and clay
shales. Sometimes the deposits are entirely represented by a sandstone thickness with
a coal seam up to 0.3 m thick. The main commercial coal content of the area under
consideration belongs to the upper part of the Serpukhivska Suite. The bedrock of the
industrial seams 1s mainly represented by mudstone with a thickness of 0.05-0.26 m.

The upper Cenomanian aquifer is widespread and confined to the upper, intensely
fractured zone of the Cenomanian marl. It 1s located at depths ranging from 20 m to
90 m. The horizon is under pressure.

The Carpathian region of Ukraine, which includes Lviv region, is characterized
by uneven seismic activity. The Zarichna mine is located on the low-seismic Eastern
European and partially on the Western European platforms, so negative seismic
processes are not expected [1].

General characteristics of the waste management. The total area of the site and
waste heap is 43.2777 hectares. The area of the waste heap is 18.1857 hectares
according to the State Act for the right of permanent land use Series [-LV
No. 001676-194 dated December 27, 2001.

The sanitary protection zone of the waste heap is 500 meters wide and has been
maintained. The characteristics of the waste heap according to the passport are shown
in Table 1.

Geotechnical characteristics of the waste heap reclamation. The waste heap has a
lined slope surface, which is over 80% self-grown, which, according to clause 4.11 of
the SOU 10.1.00174125.011:2007, allows not to carry out mining reclamation works
in this area.

The waste heap was planned on the basis of technical specifications issued by
Zarichna Mine in accordance with the requirements of SOU-N10.1-05420037-
001:2007 “Rules for Biological Reclamation of Waste Heaps at Coal Mines in
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Ukraine”.
Table 1 Characteristics of the waste heap
No. Name of indicators Unit of measurement Rock dump
1. | Capacity thousand m? 3364
2. | Height m 40.9
3. | Filling the slopes of the dumps deg. 29
4. | Dump area thousand m? 154.0
5. | Bulk weight of the dumped mass kg /m? 2290

The waste heap on the southern side is partially dismantled (10200 m?) to backfill
underground structures. The project stipulates that the rock from the dump (volume -
42000 thousand m?) will be used to level the surface of the waste heap and backfill
the tract. A layer of imported potentially fertile soil (PFS) with a thickness of h -
0.5 m is applied to the planned surface of the waste heap.

Reclamation of the mine's waste heaps is carried out for sanitary and hygienic
purposes. The surface of the dumps is preliminarily planned with a bulldozer-ripper

in the amount of 27.320 thousand m>. The planned surface of the dumps and slopes is
covered with 64,690 thousand m® of PFS.

2. Methods and theoretical part

Description of the methodology for calculating the stability of the slopes of the
waste heap. The components of the methodology for calculating the stability of the
slopes of the dump are methods for determining the geomechanical stability
coefficient and the standard safety factor.

The Bishop (Cray), Filenius, and Yanbu methods were used to calculate the
geomechanical stability of the dump slopes. Common to these methods is the
assumption of a circular cylindrical shape as a potential shear surface and the division
of the landslide body into a certain number of vertical compartments.

Bishop (Cray) method. This method takes into account the horizontal forces that
occur between separate compartments of the landslide body. The difference of the
Bishop method is that it takes into account the equations of force moments rather
than forces themselves. That is, the sum of the moments of all forces relative to the
center of the sliding curve radius should be zero [11,12].

The stability factor according to the Bishop method is equal:

M _ 1 i b -tgd +¢i- b
tga;tgo; ) (1)
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where K ; — slope stability coefficient; M,,; — total holding moment; M, - total
shear moment; P. — is the weight of the i-th compartment; n — is the number of
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compartments; o, — is the angle of inclination of the i-th compartment to the

horizon, deg; @, — is the angle of internal friction of the soil within the i-th
compartment, deg; c¢; — is the specific cohesion of the soil within the i-th
compartment, kPa; b;,— is the length of the sliding surface in the i-th compartment..

In formula (2), the value of K, 1is present in both parts of the equation, so to

solve this equation, one should use the method of successive approximations
(iterations) [11,12].

The Filenius method. The peculiarity of the calculation scheme for the Filenius
method is the assumption that the state of limit equilibrium is observed only at points
along the sliding surface, and the landslide body is a rigid body that is not subject to
deformation [9,12].

The position of the most dangerous sliding surface was determined by selecting
the center of the sliding surface in numerous calculations for possible cases.

The condition for the equilibrium of a landslide body is the equality of the holding
and shear forces. The safety factor is equal to:

i=n

D (B-cosa; -tgg; +cil;)
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D P -sing;
i=1

where /;— is the length of the sliding surface in the i-th compartment.

Yanbu method. The Yanbu method satisfies both the conditions of equilibrium of
forces and moments and is applicable to sliding surfaces of any shape [10,12].

The slope stability coefficient K, 1s determined by the formula:

L 1 1
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where N; — is the vertical component of the weight force of the i-th compartment, kPa.
Determination of the safety factor. When searching for a dangerous shear surface,
the dependence for the safety factor is used [§]

ks = = [ks] )

where kg >[kg] — is the permissible (normalized) value of the stability factor; R — is

the generalized calculated value of the forces (or their moments) of the ultimate shear
resistance along the surface under consideration; /' — is the generalized calculated
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value of the active forces (or moments of these forces) relative to the center of the
sliding surface.

In general, in the vast majority of cases, the stability coefficient of waste heaps
during the transitional period of operation is accepted not lower than the standard
one, which is in the range of 1.05—-1.25.

Initial data for the calculation of the stability of the slopes of the waste heap.
Initial data were compiled based on the data from the liquidation project materials
and research results from various information sources.

The Zarichna mine waste heap is located within the mine field. The mine dumps
are composed of mudstones (60—65 %), siltstones (20-25 %), sandstones (10 %), coal
shale, coal and pyrites (up to 2 %). [2]. Taking into account the fact that the rock of
the waste heap is in a mixed, quasi-homogeneous state, the average rock properties
were used to calculate the stability of the waste heap slopes (Book 1 of the project).

Table 2 summarizes the averaged values of the properties of the rocks that make
up the waste heap based on information sources.

Table 2 — Average properties of the waste heap rocks

. . Accepted _
Name of engineering and subs tancepcon tent, | Adhesion C, kPa Internal friction
geological elements o, angle o, deg
Argillite 65 70 21
Alevrolite 23 80 25
Sandstone 10 77 33
Coal shale 1 65 18
Hard coal 0.5 100 29
Pyrites 0.5 90 35
Averaged values 73.2 23.2

Summarizing the above, the following strength parameters were used to calculate
the stability of the waste heap: density — 2.34 t/m* (22.9 kN/m?); angle of internal
friction — 32°; cohesion — 7.4 t/m? (73.2 kPa).

3. Results and discussion

Results of calculations of the stability of the dump slopes. Calculations of the
stability of the slopes were performed taking into account static loads. Hydrological
and seismic factors were not taken into account, given the rather significant depth of
groundwater and low seismicity of the area. The calculations considered several
options for the location of possible slip curves, for each of which a safety factor was
determined. The centers of the slip curve radii were determined using a square grid
area [3%3].

Based on the above characteristics of the reclamation works, geological sections
3-3 and 5-5 (according to the data of the liquidation project materials) were selected
as the most representative sections for the calculation. The results of calculations for
geological sections 3-3 (left slope) and 5-5 are presented graphically in Figures 1-5.
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Figure 1 — Design scheme for the calculation of section 3-3 (left slope)

Figure 2 — Minimum shear surfaces and global minimum stability factor based on the results of the
calculation for section 3-3 (left slope)
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Figure 3 — Graphical scale of gradation of the safety factor level




106  ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2024. Ne 170

=]
A

2 Section 5-5
235
230
225
o] 220
] 215
210
205
o Sv 1:500 200
Sh 1:500 195 |
. |
Design mark, m 8 g g Rl g
data ® = = Rk B
| distance, m | 0 80 [eo | 20 i3|’]f| |
8- Actual ground 8 s s o s 5
data level, m g b & |§ § 8
distance, m [ 450 [ 114 [ 170 i 160 [ 5o ]
B T R N e
Figure 4 — Design scheme for the calculation of section 5-5
R R R N N A T N

Figure5 — Minimum shear surfaces and global minimum of the stability factor based on the
results of the calculation in section 5-5

Numerical results of calculations for all geological sections are presented in
Table 3.

The minimum values of the slope stability factor (in bold italics in the table) of
the dump exceed the maximum regulatory stability factor in the range from 1.8086 to
2.1506 for different cross-sections and calculation methods. Based on the results of
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the calculations, it can be concluded that after reclamation, the slopes of the waste
heap will be in a stable condition.

Table 3 — Results of calculations of the stability coefficient of the heap

.. Safety factor relative
Minimum value of to the maximum
Design section Method the slope stability reeulatory stabilit
coefficient £ fac to?l(l 25) Y

Section 3-3 left slope Fellenius 2.4662 1.9730
BiShOp (Cray) 2.6882 2.1506
Yanbu 2.3864 1.9091
Section 3-3 right slope Fellenius 2.3076 1.8461
BiShOp (Cray) 2.3754 1.9003
Yanbu 2.2608 1.8086
Section 5-5 Fellenius 2.3629 1.8903
Bishop (Cray) 2.4709 1.9767
Yanbu 2.2973 1.8379

4. Conclusions

Based on the results of the studies and calculations, recommendations were
developed to ensure safe landslide conditions at the dump. Taking into account the
general methodological difficulties in the reliability of calculation methods,
difficulties in determining fully adequate initial data, a rather significant discrepancy
in the initial data of the properties of the waste heap rocks, the possibility of negative
hydrological and other phenomena, it is necessary to provide a number of
recommendations for maintaining a safe landslide condition of the waste heap.

The loss of stability of the waste heap in the form of landslides, collapses, floods,
and subsidence is a consequence of waste heap deformations. The main factors
affecting the stability of the slopes of the dump under consideration are the possible
negative impact of hydrostatic and hydrodynamic effects of groundwater and
atmospheric water on the rock mass and the dangerous dynamic effect of mining
equipment on the rock mass. The most dangerous abnormal climatic phenomenon
that contributes to the occurrence of sinkholes is a combination of high ambient
temperatures and high-intensity precipitation, which dramatically disrupts the
thermodynamics and hydrology of the dump.

The main socio-technological consequences of soil mass sliding may include
accidents of equipment used for reclamation, threats to health and life of production
personnel involved in reclamation works, filling of adjacent territory with shear
masses, destruction of structures, engineering and road communications.

The main environmental impacts of shear processes are contamination of the
ground surface and soil with dump materials and damage to the biological systems of
the surrounding area, depending on the scale of the landslide. Hydrological
contamination is possible in the event of an abnormally sharp rise in the water table



108 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2024. Ne 170

above the base of the dump or in the event of abnormal precipitation, which,
combined with high fracture, can lead to seepage of waste materials into aquifers.

The most recommended measures to prevent the occurrence of negative factors of
shear processes are monitoring the condition of the waste heap to detect dangerous
cracking, significant changes in the shape of the waste heap, primarily the occurrence
of slope angles beyond the normative limits, and anti-landslide measures of various
levels.

Monitoring of the landfill surface is particularly important:

- during the period of landfill reclamation and disposal;

- in case of groundwater level rise and possibility of the landfill flooding,
especially during seasonal floods;

- during periods of significant abnormal precipitation, mudflows and snowstorms;

- during the period of possible abnormal seismic activity in the neighboring
regions;

- during abnormal climatic events.

During the period of reclamation, the main anti-shear measure is to maintain the
technologically defined shape of the dump surface in accordance with current data on
the geomechanical properties of the dump massif.

In all cases of dangerous hydrological phenomena (flooding, floods, abnormal
precipitation, etc.), the main anti-shear measure is to reduce the water content of the
massif by constructing drainage networks.

As current, situational, and additional measures, it is advisable to use the
following: securing the surface of the dump with greenery, using stone riprap, water-
insulating injections of the cracks, artificial measures to compact and secure soils
(such as cementation), mechanical fastening of slopes with piles and dowels, and the
construction of retaining structures (in the form of earthen stops and buttresses).

Anti-seismic measures include the above-mentioned anti-shear methods for
securing the slope surface, the characteristics of which are calculated taking into
account the expected seismic action.
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OLIIHKA CTIVIKO_QTI MOPOAHOIO BIABAIY BYTMEAQOBYBHOIMO NIANPUEMCTBA NiCNA
PEKYNbTUBALI
Medeedesa O., Psbko A., OcmaneHko H., lNpoHbko O., XKaHakosa P.

AHoTauis. Y poboTi posrngHyTU Nigxig [0 BUKOPUCTAHHS Y SKOCTi CKNaZoBOI KOMMMEKCHOI EKOMOMYHOI OLiHKM
FipHUYMX MIANPUEMCTB, LLO NIKBIYIOTLCS, rEOMEXaHIYHUX napaMeTpiB CTIMKOCTi YKOCIB BiABarbHWUX cucTeM. BuKOHaHHS
re0eKoOrivHOI OLHKM HEOBXISHO A/ BCTAHOBIIEHHS MOXIMBOCTI Ta €DEKTUBHOCTI MPOBEAEHHS EKOOPIEHTOBAHMX POBIT
npy KoHcepBalLlii, 3aKpuTTi Ta Niksigayii ripHMuux nignpueMcTB. YucenbHi po3paxyHkuU NPOAEMOHCTPOBaHI Ha Npuknagi
penpeseHTaTMBHOMO 0B'ekTy - BigBanbHoro macusy [ «llaxta «3apiyHa» MexwupivaHcbkoro pogosuiya JIbBIBCHKO-
BonmHcbkoro kam'sHOBYrinbHOrO BaceitHy. Y SKOCTi BUXIOHMX [aHWX BWUKOPUCTOBYBanMCb MaTepiani MpOeKTy OLiHKM
BnnmBy Ha poskinns (OBM) niksigauii gaHoro ripHn4oBugoOyBHOTO mignpuemcTBa. HaBedeHa CTpyKTypa aHanisy
BiABanbHOro OO'EKTY Ta PO3PaxyHKiB MOKA3HMKIB CTIMKOCTI MOXE SIBAATUCb OCHOBOK [N CTBOPEHHS CTaHAapTHOI
npoueaypu reoekonoriyHoi OLHKM YKICHUX CUCTEM TFipHWYMX MiANPUEMCTB Ha pi3HUX eTanax iCHyBaHHA — Bif
NPOEKTYBaHHs [0 nikgigayii. Takox Moxnvea nobygosa cTaH4apTy METOAMKM BignosigHux posginis OBL nignpuemcTs,
L0 MaloTb Yy CBOEMY CKMafi MaclTabHi yKiCHI cuctemu. Y SKOCTi METOAIB po3paxyHKY KOeQiljieHTy CTIMKOCTI BiABanbHuUX
YKICHUX cuCTEM By BUKOPUCTaHI METOOM FPaHMYHOrO CTaHy (piBHOBark). PesynbTaTit po3paxyHKiB MokasyloTb OCUTb
Bm3bki 3Ha4eHHs koediLieHTy CTinkocTi Ans ycix meTogis. Lie nos'a3aHo, Hacamnepes, 3 iX nogibHo METOLONOMYHO
0CHOBOH. [oganblui AOCRigKeHHS OOLINBHO CNPsSIMYBaTW Ha 3aCTOCYBaHHA METOAIB PO3PaXxyHKY Ha iHLWMX NpUHLMNAx
nobyaoBu reomexaHivHoOi Mogeni 3cyBy, a Came MeToAax Teopii TBEpAOro AeOPMOBAHONO Tina Ta YMCENbHMX Nigxonax
BUPILLEHHS PO3PaxyHKOBOI YacTMHM Mofenen CTIMKOCTI. TakoX [OUINbHO PO3LIMPEHHS CTPYKTYpW akTopis, LLO
BPaXOBYIOTLCA Y rEOMEXaHiYHNX MOAENSX CTINKOCTI LWNSAXOM [JOMOBHEHHS nigMoaensmu rigpocdepo-inbTpaLintHinx,
aTMOC(EPHO-KNIMATUYHMX, CEMCMIYHMX Ta iHWMX sBMLW. Ha OCHOBI po3paxyHKy nobynoBaHi pekomeHgauji Wogo
noganbLUIoro NiATPUMAHHS reOMEexaHiYHUX BracTWBOCTEN BigBamny Yy €KororiyHo HebesneyHoMy CTaHi. BusHaueHi
MOHITOPWHIOBI Ta TEXHOMOYHI 3aX0AM ekobe3nekn B yMOBax HECNPUATAMBIX NPUPOSHUX aTMOCEPHNX, FiAPOCHEPHMX,
KniMaTUYHUX SBULLY Ta pobiT 3 pekynbTuBaLlii.

KntouoBi cnoBa: komnnekcHa oOujHka ekobeanekn BiaBamnbHWUX CUCTEM, KOEQILEHT CTIMKOCTI YKICHOI CUCTEMM,
MOZeENi CTINKOCTI ripChKMX MAcKBIB, 3aKPUTTS FiPHUYMX MigNPUEMCTB.
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