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Keywords: The work studies the patterns of roof and soil convergence in development workings during coal seams mining in seismically
mine, reservoir, seismicity, yielding hazardous areas of Kuzbass. The formulation of the research problem, adaptation of methods for studying the processes of
support, rocks, deyelopmeqt geomass deformation, analysis of the geodynamic and mining-technical situation and field studies were completed.

workings, production workings, Most of the Kuzbass mines work with coal seams at great depths. This is due to the risks of geomechanical, geodynamic and seismic

geodynamic phenomena, rock
destruction, geology, geotectonics,
heaving, seismicity, convergence,
deformation of mine workings.

events that have a negative impact on the safety of mining operations. One of the negative phenomena that has a significant impact on the
safety of mining operations is the convergence of the roof and soil of preparatory mine workings. When mining formations of coal seams,
areas of preparatory mine workings in the immediate vicinity of the goaf and located in zones of bearing pressure from the working faces
are especially susceptible to intense deformation of rocks in the vicinity of mine workings.

To study the convergence of the roof and soil convergence in development workings, full-scale measurements of vertical
displacements in preparatory workings were carried out with their location in the zone of supporting rock pressure of the
excavation site being mined in seismically hazardous areas of Kuzbass.

Factors influencing the types of deformations and destruction of the host rocks and support elements of development workings
were established. The dynamics of the energy of recorded seismic events was revealed at different rates of roof and soil
convergence the within the excavation area.

Consequences precursors of the rapid soil convergence in preparatory workings and measures to prevent negative phenomena
were substantiated.

Krtouesvle ciosa: H3yyeHBl 3aKOHOMEPHOCTH KOHBEPreHIH KPOBJIM U TOYBBI NOJATOTOBUTENIBHBIX BBIPAGOTOK IpPU OTPAGOTKE YTOJIBHBIX IUIACTOB B
IIaxTa, TJacT, celicMuKa, celiCMUYeCKH OMNAacHBIX paiioHax KysGacca. BeINoJIHeHa NMOCTAHOBKA 3aJjauyll MCCJIe[0BAHNUA, a[aNTalysa MEeTOJ0B M3y4eHUA NpPOLEeccoB
noAaT/IvBas Kperb, TOpHbIe nedopMUpPOBaHKA reOMaccHBa, aHAIN3 'eOAVHAMUYECKOI 1 TOPHO-TEXHUYECKOl CUTYaLUN 1 HATyPHbIE HCCIIe/JOBAHHS.

TOPO/IbI, TOATOTOBUTEJIbHBIE BosbumHerBo maxt Kysbacca OTpabaThIBAIOT yroJIbHbIE IUTACTHI HA OCOJBIIMX [UIyOMHAX. OTO CBS3AHO C PHUCKAMM IPOSBJICHVA

BBIPAOOTKHU, OYUCTHBIE BRIPAOOTKH,
reognHaMHU4ecKne sABJI€HUs,
PpaspylieHue OpoA, IeosIorus,

reoMeXaHIYeCKUX, Te0JUHAMUYECKIX 1 CeICMIYeCKUX COOBITHII, OKa3bIBAIOIIMX HeraTHBHOE BJIMAHIE HA Ge30I1acHOCTh TOPHBIX PaGoT.
OfHUM U3 HETaTHBHBIX fABJICHMII, OKa3bIBAIOIUM CYILIECTBEHHOE BJIMAHKE Ha Ge30MacHOCTh TOPHBIX PaGoT, ABJIAETCA KOHBEPreHIA
A A S KPOBJIM U TIOYBBI [IOATOTOBUTEJIbHBIX TOPHBIX BHIPAGOTOK. IIpH 0TpaGOTKe CBUT YrOJIbHBIX ILUTACTOB MHTEHCHBHBIM J1epOpMALHAM TIOPOJ B
KOHBEpTEHIHs, AeGOPMAHIS OKPECTHOCTH TOPHBIX BBIDAGOTOK OCOGEHHO IOJBEPXEHbl YYaCTKM IOATOTOBUTEJIBHBIX TOPHBIX BBIDAGOTOK B HENOCPEACTBEHHON
TOPHEIX BEIPAGOTOK. 6JIM30CTH OT BHIPAGOTAHHOTO POCTPAHCTBA 1 PACIIOJIOXKEHHbIE B 30HAX ONOPHOTO JJaBJIeHNA OT OUNCTHBIX 3a00€B.

JU1A M3yYeHUsA KOHBEPreHIMH KPOBJIM U IOYBH MOATOTOBUTEJIBHBIX TOPHBIX BBHIPAGOTOK IpPOBENEHBI HATypHBIE H3MepeHUA
BEPTHKAJIBHBIX CMEIEeHNiI B MOATOTOBUTEJIBHBIX BHIPAOOTKAX C MX PaclOJIOXeHHEM B 30HE OIIOPHOIO TOPHOTO JaBJIeHUA
oTpabaTsIBaEMOr0 BHIEMOYHOI'O YYacTKa B CEefICMUYECKHU OMACHBIX paiioHax Kysbacca.

VcraHoBiieHsl (aKTOpHI, BIHAINME Ha BHAM AedopManuili M paspylleHMil BMEIJAIOIUX I[OPOJ M 3JIEMEHTOB Kpemnu
HOJTOTOBUTEJIBHBIX BHIPAGOTOK. BhIAB/IEHAa NMHAMUKA 3Hepruu QUKCUPYEMBIX CEHCMUYECKHX COOBITHII IPH Pa3sHOW CKOPOCTH
KOHBEPIeHINK KPOBJIM U MOYBHI B TIpeJiesIaX BbIeMOYHOIO y4acTKa.

OGOCHOBAHbI NMPeJBECTHUKK TOCIIACTBUI CKOPOTEYHOH KOHBEPTeHI[MU MOYBbI MOATOTOBUTEJIbHBIX BBIPAOOTOK M MEPONPHATUAL
10 TIpe/IOTBPAILEHNI0 HETaTUBHBIX ABJICHUIA.
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Introduction

The object of the study is the regularities of rock
deformation in the vicinity of the preparatory workings of
the mined out excavation area in the seismically
dangerous area of Kuzbass during the mining of coal series

The purpose of the work is to identify the regularities
of convergence of the roof and soil of preparatory
workings during the mining of coal seams in seismically
hazardous areas of Kuzbass.

The following research methods were used in the
work: setting the research problem, adaptation of
methods for studying the deformation processes of
geomassif, analysis of geodynamic and mining-technical
situation, field studies.

Underground coal mining is carried out in a wide
range of mining and geological conditions [1, 2]. The
experience of operation of high-productive underground
coal mining enterprises with a load of more than 10
thousand tonnes per day showed the need for scientific
support of works with the implementation of a set of
measures aimed at improving safety [3-6].

Factors complicating the mining of working areas:

- unstable roof rocks;

- variability of thickness and structure of seams,

- variability of thickness and structure of rocks
between seams;

- variability of physical and mechanical properties of
coal and rocks;

- high gas content of the coal-rock strata;

- increasing the depth of mining operations.

During mining of coal seam formations, intensive
deformations of rocks in the vicinity of mine workings
are especially exposed [7-9]:

- areas around preparatory mine workings in the
immediate vicinity of the mined-out space;

- areas around the mine workings in the zones of
supporting pressure from the mining faces of the working
areas.

To study the deformation of the cross-section shape of
the preparatory mine workings, field studies of the
convergence of the roof and soil rocks of the ventilation
drift were carried out in the zone of influence of the
support pressure of the stope of the mining site. The
studies were carried out at the geodynamic test site of
the existing coal mining enterprise in the Yerunakovsky
geological and economic region of Kuzbass. The

engineering situation during the studied geomassif
mining while developing of formation 2 is characterized
as traditional for deep mines of Kuzbass [10].

The scheme of slope mine preparation is panel one-
way mining. The system of development is performed by
longwalls with coal extraction in a long-around longwall
mining with top control by cave-in.

Within the excavation pillar 2-7 the longwall face
length is 300 m, seam dip angle is 10-120, seam
thickness is 2.16 m, mining depth is 500-600 m, average
strength coefficient according to the scale of Prof.
Protodyakonov is equal to 1.0 for coal, 4.0 for immediate
roof rocks, 4.6 for main roof rocks. The thickness of the
immediate roof rocks is 7.55 m. Predicted values of
collapse steps of immediate roof rocks are: primary is
40 m, subsequent is10 m; main roof rocks: primary is 55
m, subsequent is 20 m. Lenses of sandstone can be traced
within the main roof.

Maintaining the design size of the excavation section
is complicated by the presence of a very close formation
1 in the soil of formation 2.

In the proximity areas of formations 2 and 1, the
immediate soil of formation 2 is prone to heaving. The
thickness of the rock layers between the formations is
variable: they are from 2 to 5 m.

Formation 1, lying at a distance of 0.5-13 m below
formation 2, has a complex structure and consists of 4-9
coal layers, with a total thickness of 1.25-1.78 m, its
average thickness is 1.42 m. The immediate roof and soil of
the formation are composed of siltstone, sometimes false
roof and soil represented by coal rocks are found.

The geodynamic situation within the studied
underground coal mining enterprise is characterized as
increased. This is confirmed by the dynamics of seismic
activity (Fig. 1) [11, 12].

From the analysis of seismic activity materials in the
area of mining operations [12] and geophysical
monitoring GITS [13] it follows that the most active zone
of convergence '"roof - soil" corresponds to the
manifestation of rock pressure in front of the lava 2-7 in
the ventilation drift 2-7 and conveyor drift 2-6, as well as
when the thickness of the rocks between the mined and
over-worked coal beds is less than 3 m.

To eliminate the occurrence of roof-soil convergence
in drift 2-7, additional measures were developed to
strengthen the drift (Fig. 2) with fire support, wooden
posts and anchors.

Dynamics of seismic activity for the period from 17.09 to 21.03.2021
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Fig. 2. Scheme of reinforcement of the ventilation drift 2-7 with
strengthened wooden support, wooden props and anchors
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Figure 3. Convergence change device KSH-2 installed in
ventilation drift 2-7: a — general view of the convergence meter in
the mine workings; b — measuring scale of the convergometer
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Fig. 4. Top-to-Soil Convergence Trend Plot depending
on distance to lava

In order to determine the effectiveness of a set of
measures to strengthen the support of ventilation drift
2-7, observation stations in the form of telescopic
measuring stands (convergence measuring device KSh-2)
were installed to determine the "roof-soil" convergence
(Fig. 3). Measurements were taken between September
2020 and March 2021.

The results of observations of the displacement of the
measuring stand are shown in the table. Graphs of changes
in the roof-soil convergence depending on the distance to
the lava are shown in Fig. 4.

According to the graph, as the workings of mining site
2-7 approach the observation station, the convergence of
the roof and soil increases in a relationship close to
exponential and reaches 280 mm.

Based on the results of statistical processing of the
measurements presented in the table and in Fig. 4, an
exponential dependence is obtained in the form of:

W =ae®, 1

where W — convergence “roof-soil” of ventilation drift
2-7, m; L — distance from the observation station to the
lava, m; a - empirical coefficient, m; b — empirical
coefficient, m™.

According to the data of Fig. 4 and the table in formula

(1) after statistical processing is obtained a = -0,035 m;
b = -0,021 m’}, i.e. instead of (1) we can write:
W =-0,035¢ 0%, 2

After differentiation by L, the rate of relative
convergence "roof - soil" along the length of ventilation
drift 2-7 was obtained, i.e.

V, =-0,000858¢ 2!, 3)

where V, - rate of relative roof-soil convergence along
the length of the drift, m/m, at V, < 0 the height of the
workings decreases.

The grapht of the rate of the “roof-soil” convergence
change is shown in Fig. 5.

In mining practice, the rate of deformation of the
excavation contour in time is used to predict the
parameters of geomechanical processes in the vicinity of
moving mine faces [14]. For the conditions of ventilation
drift 2-7 using the given data the velocity graph is
plotted in the table as the ratio of the difference of
convergence 'roof - soil" to the duration of the time
interval, i.e.

w, -w
= b )]

kt 2
t, -t,

where V,, — convergence rate, m/day; W, - convergence
1

of roof and soil of ventilation drift 2-7, measured at the
observation station at the moment of t;, located at a

distance L, from the lava 2-7, m; W, - convergence of
2

roof and soil of ventilation drift 2-7, measured at the
observation station at the moment of t;, located at a
distance t,, located at a distance L, from the lava 2-7, m.

The increase of convergence rate occurs due to the
influence of two factors [15, 16]:

1. The growth of vertical stresses value in the zone of
reference rock pressure as the face approaches the
observation station (convergometer).

2. Successive decrease in the strength of coal and
rocks in the vicinity of the drift during deformation of
the rock mass in the mine soil.

HEAPOMOJIb3OBAHUE
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Fragment of the table of observations of soil convergence in the ventilation drift

Measurement results

Start of measurements:

Counting Counting
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0,000 From the data of Fig. 6 it follows that the decrease in the <
magnitude of the recorded seismic events is observed with ES
0,005 increasing convergence rate of the roof and soil of the drift. )
£ It can be assumed that with the increase of (%
5 0010 convergence rate the strength of the rocks surrounding the o
z mine workings becomes lower, fracturing enlargers and it (U]
is observed the density reduction of the geomassif.
0,015 According to [17-21], in this case, stress waves are
shielded at the contour of mine workings and at the
0,020 boundaries of rock fracture zones, seismic waves are
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Fig. 5. Graph of convergence rate change
"Roof-soil" from the distance to the lava

by
o

Ll
n
-

r~

=}
L
L

Magnitude= -16,405V, + 2,6064

Magnitude, ML
- =
= (5]

e
n

0,0
o 0,005 0,01 0,015 0,02 0,025 0,03
Rate V,, m/day

Fig. 6. Graph of dependence of seismic event magnitude on the
convergence rate V2 of the roof and soil of ventilation drift 2-7

Fig. 7. Failure types of the elements of props and rocks in
ventilation drift 2-7

The energy dynamics of the recorded seismic
phenomena under the influence of the convergence rate is
shown in Fig. 6, from which it follows that the seismic
energy decreases by a factor of 1.2 when the convergence
rate increases by a factor of 6.

refracted and elastic energy is released in denser rock
layers.

Based on the results of a visual and instrumental
examination of the condition of the reinforced support
according to the scheme (see Fig. 2) and side rocks of
ventilation drift 2-7 (Fig. 7), a number of changes in the
state of workings were revealed:

— as the CMZ approaches the observation station, roof
rock fractures are recorded behind the drift support and
zones in the form of rock fragments are appeared above
the metal lattice;

- increase in the volume of rock heaving by almost 8
times (with the convergence of formations 2 and 1 from 4
to 1 m in the soil of ventilation drift 2-7);

— formation of cracks and rock flaws in the roof.

Deformations in the observed working are represented by:

— destruction of the elements of the pliable support
under the influence of oblique or vertical load;

— destruction of the lattice clamp in the sides of the
working as a result of block formation during coal
sloughing;

- whipping and tearing of the lattice by detached
blocks of rock in the drift roof;

— destruction of wooden supports by elements of metal
topsides with pushing of wooden supports into soil rocks.

Conclusion

Based on the results of the research it is proposed to take
for implementation at mines a set of measures to prevent
negative consequences of rapid soil uplift of ventilation drifts:

1. Forecasting of natural-technogenic earthquake
precursors by means of organization of continuous
automated monitoring of roof and soil convergence in the
ventilation drift of the operating mine face.

2. Identification of the limiting rate of convergence at
static and dynamic states of the mining system.

3. Withdrawal of people and stopping of mining
operations on coal excavation when the limit convergence
rate is exceeded.
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