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Results of geomechanical modelling of a stress-strain state of salt rocks in conditions of layer mining at mines of Belaruskali JSC are
reviewed. There are sudden powerful gas dynamic phenomena (GDP) occur from the bedrock of mines such as salt and gas
emission, bedrock destruction followed by gas release. Moreover, there are areas that are potentially dangerous due to gas dynamic
phenomena acting from the bedrocks. For the conditions of the Starobinsk deposit of potassium salts gas accumulations in bedrocks
of mines are usually confined to clayish interlayers and layers in salt rocks. Therefore, it is assumed that disclosure of clay contacts is
a geomechanical prerequisite for GDP. That leads to formation of channels for migration of free gases and formation of artificial
gas-saturated zones under the influence of mining operations.

Task statement includes setting of parameters for collapse of the roof rocks of the Third potash formation being under the
mining, localization of plastic deformations in the enclosing rocks and opening of clay contacts in a salt thickness. It is
taken into account that collapsed rocks of a long face roof fill the goaf and form technogenic geo-environment with respect
to their decompaction. The geo-environment is also included in the calculation scheme of mathematical modeling. In order
to determine a stress-strain state of rocks, a model of an ideal elastic plastic medium with internal friction is used. In this
case, clay interbedding are described by Goodman's contact elements.

Based on results of solution of a number of model problems in a two-dimensional statement, there is a conclusion made on the
significant influence of clay interbedding in the bedrocks of a formation under the mining on the possibility of occurrence of gas
dynamic phenomena. It is established, that in presence of three and more clay contacts in the layer of underlying halite there are
conditions created for formation of a multi-stage focus of GDP, formed when gas-saturated clay contacts are exposed. Periodic
character of formation of GDP focuses is noted during the movement of the front of cleaning works.

PaccmaTpHBatoTCs pe3ybTaThl TeOMEXaHHYECKOTO MOZICIMPOBAHHS HAPSDKEHHO-1e()OPMHPOBAHHOTO COCTOSIHHS COJIIHBIX TTOPOZ B
YCIOBHSIX CI0eBO#1 BbleMKH Ha pyHuKax OAO «benapychkanmii», Iie U3 MOpoj1 IOYBbI TOPHBIX BHIPAOOTOK HPOUCXOMST BHE3AIHbIE,
JIOCTATOYHO MOIIHbIE TasomuHamuueckue siaeHus (IIS1) B Bujme BBIOPOCOB coMM M Tasa, paspylICHHI MOpPOJ| TOYBEI,
COMPOBOMKIAIOIIMXCSI Ta30BbLIeeHNIMU. Tam ke BBIBIIIOTCS yUaCTKH, TIOTEHIMAIEHO OMACHBIE MO Ta30MHAMIYECKHM SIBJICHUSAM H3
nouBbl. Jiyist ycoBuii CTapoOMHCKOrO MECTOPOMKICHHS KAMIAHBIX COJICH ra30Bble CKOILICHUS B TIOPOJIAX MOYBBI TOPHBIX BBIPAOOTOK,
KaK TPaBIIO, TIPUYPOUCHBI K TTIMHUCTBIM TIPOCIIOMKAM M CJIOSIM B COJITHBIX ITOPOJIAX, MO3TOMY TPEITIONaraeTcsl, YT0 TeOMEXaHNIECKOH
TpeANOChUIKO TposiBiiennst I'JIS1 sBisieTcst pacKpbITHE IVIMHUCTBIX KOHTAKTOB, YTO MPUBOJMT K 0OPa30BaHHIO KAaHAJIOB MHIPALN
CBOOOHBIX Ta30B 1 (JOPMUPOBAHIIO TEXHOTCHHBIX Ta30HACHIIICHHBIX 30H 110]] BO3/ICHCTBHEM TOPHBIX paboT.

IMocranoBka 3ajaun BKIIIOYAET 33JaHHE MapaMeTPOB OOPYIIEHHsI OPOJ KPOB/IM oTpabaThiBaeMoro TpeThero KaamifHoOro riacTa,
JIOKQJTM3AIMIO TUIACTUYECKUX JedopManiiii BO BMEIIAIONIUX MOPOAAX, PACKPBITHE TIIMHUCTBIX KOHTAKTOB B COJITHOH Toue. [Tpu
9TOM YYHTBIBACTCSI, YTO OOPYIICHHBIE TOPOABI KPOBIIN JIABBI 3AMOJHSIOT BRIPAOOTAHHOE HPOCTPAHCTBO M C YIETOM Pa3yIUIOTHEHHS
(opMHpYIOT TEXHOT€HHYIO Te0cpeTy, KOTopas Takke BKIIOYACTCS B PACUCTHYIO CXEMy MaTeMaTH4eCKOro MojenupoBaHus. [l
OMpe/IeNIeHHs HAPSHKEHHO-1e()OPMHPOBAHHOTO COCTOSIHUSI TTOPOJ MCIIONB3YETCsl MOJIENb MCAIbHON YIPYTOIUIACTHYHOMN CpeIbl
C BHYTPEHHHM TPeHHEM. [IpH 3TOM IIMHHUCTBIE IPOCIION OIMICHIBAIOTCS KOHTAKTHBIMHU dIeMeHTaMu [ yamaHa.

IMTo pesymbratam pereHus psiia MOJCIBHBIX 3a7ad B JBYMEPHOW IIOCTAHOBKE JENAETCSl BHIBOJI O CYIECTBEHHOM BIIMSIHUM
[JIMHUCTBIX TPOCIOEB B MOYBE OTPabATHIBAGMOrO IUIACTA HA BO3MOXKHOCTh pPEAIM3ALMH  Ta30[JMHAMHYECKUX SIBIICHHIL.
'YcTaHOBIIEHO, YTO NPH HATMYMK TPEX TIIMHUCTHIX KOHTAKTOB M 00JIee B CII0€ MOACTHIIAIONICH KAMEHHOM COJTM CO3AI0TCS YCIIOBHUS
Juts popMupoBaHus MHOTOsIpycHoro odara I'JISI, oGpasoBaBiierocs mpH packpbITUM Ia30HACHIICHHBIX TTIMHUCTBIX KOHTAKTOB.
Otmeuaercs epruouueckuii xapakrep Gopmupoanust ouaros I'JIS1 npu aBrkeHHE GPOHTA OYUCTHBIX PaboT.
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Introduction

Development of deposits of potassium salts is
significantly =~ complicated by  gas-dynamic
phenomena (GDP) that in most cases cause
significant cost damage to potash enterprises and
pose a real threat to the life of miners. Over the
past three decades, there was a significant
contribution brought to the study of nature,
mechanism, development of forecast methods and
methods for preventing GDP in potash mines
[1-10] and coal mines [11-15]. However, during
the development of potash deposits new types of
GDP are araised that were unknown in the mining
practice previously. For example, sudden powerful
emissions of salt and gas at the interface of the
long face-drift during the layer excavation of
potash formations in the conditions of the
Starobinskoe deposit of potassium salts [16-19].
Due to the mentioned facts, there was an urgent
need to study this type of GDP and develop
possible methods to control gas dynamic processes
in bedrocks of mine excavations.

Gas dynamic phenomena occur in presence of
gas accumulations in a contour part of the rock
massif and fulfillment of the main destruction
criteria [20-26]. For the conditions of the
Starobinskoe deposit of potassium salts, gas
accumulations in rock formations of mine
excavations are usually confined to clay interlayers
and layers in salt rocks [27-28]. Geomechanical
reasons for GDP to occure are opening of clay
contacts, that leads to the formation of channels for
migration of free gases and formation of artificial
zones saturated with gas under the influence of
mining operations.

Problem statement

In order to assess the danger of development of
GDP geomechanical modeling of the stress strain
state of bedrocks was performed. Samples of a
bedrock of the developed long face space during
the mining of layers 2, 2-3, 3 under the conditions
of layer excavation of the Third formation are used
as a material for modelling. Areas potentially
dangerous for bedrock gas-dynamic phenomena
were identified.

In general, this problem requires spatial
mathematical modeling of the stress-strain state
(SSS) of the salt rock massif. However, in order to
understand the regularities of geomechanical

processes (collapse of roof rocks of a mining
formation, localization of plastic deformations in
the enclosing rocks, opening of clay contacts in
salt strata) that occur during the movement of a
long face, and determine the degree of influence of
the mechanical properties of rocks and
technological parameters of cleaning on change of
SSS of the salt massif it is requires to solve a
number of problems that can be carried out in a
two-dimensional statement.

During the mining of a long face a two-
dimensional design scheme for estimating
the change in a SSS of a rock massif is
constructed perpendicular to the movement
of the clearing front and corresponds to
a typical geological section for the Starobinskoe
deposit (Fig. 1).

Surface

The 12" clayey-merly layer
Clayish-carnallite bench
Goaf Halite — -

> | Direction of the movement of
along face

| EER| syivinite Clay interbedding

Fig. 1. Design scheme

Boundary conditions were set based on the
initial lithostatic stress state of the upper part of the
rock massif such as horizontal displacements on
the lateral faces and vertical ones on the lower face
were assumed to be zero. At the upper boundary,
the rock pressure was assigned equal to the weight
of the overlying rock mass. A calculated region
was under the action of mass forces by intensity 7,
(specific gravity).

In order to determine the rock SSS an ideal
elastoplastic medium with internal friction
was used. Parabolic envelope of Mohr circles
was used as a plasticity condition in the
compression region [29]. Localization
of plastic deformations was possible with
the fulfillment of the equation
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= (o, +o)20,-25 (0, 7o) v, ],

and in the stretching region by the equation
5, =0, @

where Tg,.x is for maximum tangential stress,
Tmax = (01 — 03)/2; o is for normal stress,
6 = (01 + 63)/2; o is for compressive strength, o,

is for ultimate tensile strength; o, o3 are for the
main  stresses determined by results of
mathematical modeling.

It has to be noted that zones of localization of
plastic deformations were identified with
processes of crack formation due to the
development of shear and tear cracks
respectively. A numerical solution of the problem
was carried out by a standard procedure
of the finite element method [30]. To take into
account plastic nature of rock deformation a
secant matrix method was used [31].

Strength and deformation properties of
elements of the geological section taken into
account are presented in the table 1.

iterative process which include steps that are as
follows: at each iteration finite elements that were
adjacent to the boundary of the roof of a goaf
space of regions of tensile stresses concentration
were eliminated (nullified) [32].

Presence of clay interbedding in the roof of a
long face is an additional factor that contribute to
rock collapse. In this case, when the region of
shear fracturing reaches the “open” clay contact,
rocks collapse into the goaf space [33]. That
criteria of rock collapse is considered by the
calculation procedure through localization and then
elimination from the calculations the areas
bounded by the “open” clay interbedding and
zones of shear fracturing.

Collapsed rocks from the roof of a long face
fill the goaf space and, taking into account their
decompaction form an anthropogenic geo-
environment, which was also included in the
calculation scheme of mathematical modeling. Its
deformation properties were taken by an order of
magnitude lower than the corresponding
parameters of the rock massif.

Deformation of clay contacts between layers
was described by Goodman's contact elements [34,
35]. The properties of clay contacts were taken

Table 1 from the data of laboratory studies [36] and are
Mechanical properties of rocks presented in the Table 2.
taken for calculation Table 2
Rock Deformation | Compressive Tensile Mean mechanical properties of clay contacts
modulus, GPa |strength, MPa| strength*, MPa
Silvinite 23 27 3 & e =g | g E
Halite 23 27 3 £ 1€ |2 =8 | g Ee | B
Carnallite 1.8 11 1 =15 |ZE| 245 |3 38 | £,
= j= Q = -
Clayey-marly 0.82 1 3 %58 £% | 2| 29 | 8
layer S S&| g .o o 5 S & 2 3 5
; ; , : S | 22|85 & | 2= g | 2©
Note. In case of no experimental data the ultimate tensile = @A =) z @ A & B © g
. . . Q o = 8 — = & »n =
strength is assumed different by an order of magnitude from the g s g = o= S 2 3 9]
compressive strength limit. 2 | £ S 5 E 2 IRz tf
5 A > 5 ~ 3 =
Tensile strength of rocks is much lower than 2 | 1601098 | 014 | 129 ] 163 | 006
their compression characteristics. Therefore 35 | 217 1 121 0.9 1.79 1.79 0.08
L. p . . ' ’ 5 293 | 1.27 0.25 2.62 2.31 0.13
localization of tensile forces in any area of the 10 1512 200 051 291 257 0.10

massif is a prerequisite for rock destruction. At the
same time, it is obvious that rocks destroyed under
the action of tensile stresses will not collapse into
the goaf space if they are surrounded by material
that has not lost its bearing capacity. From that, the
first condition for collapse of rocks was the exit of
the zone of action of tensile stresses to the outcrop.
Modelling of the process was performed by means
of a special organization of the computational

Note. Mean value of adhesion coefficient C on the clay
contact is 0.7 MPa, the angle of internal friction ¢ is 23°.

Results of mathematical modeling

Clay contacts significantly influence the nature
of the destruction bedrocks of the goaf space. These
effects are most clear in conditions of minimal
bedrock loading by collapsed rocks (Fig. 2). Thus, if
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there are no contacts or conditions for their opening,  then two of them are revealed. At that, continuity of
the unloading zone (Fig. 2a) covers a considerable  the rocks that overlap the contacts is conserved
part of the bedrock of the goaf space. That allows to ~ which in the presence of free gases leads to their
degas this part of the bedrock. If there are three clay =~ accumulation in the open contact, ie. GDP
interbedding in a bedrock of a long face (Fig. 2b) formation.

55 55
+
50 50
A rinm
45 4541 +
+
+
+
T T T T T - T T T T T
0 5 10 15 20 25 0 5 10 15 20 25
a b
m Face support Clayish-carnallite bench — -] Contacts
Direction of the movement of a long face @l Halite |:| Opening of contacts
[ Goaf [—] Formation boundaries (] Falling rock
(B Sylvinite (EEE| Zone of possible fracture Name of the layer

Fig. 2. Influence of clay contacts in a bedrock of a long face on change in SSS around
the goaf space when moving away from an assembling drift

e ¥
m Face support Clayish-carnallite bench [= -] Contacts
[=>»] Direction of the movement of a long face [=a : .
Halite [— Opening of contacts
C—1 Goaf [— ] Formation boundaries [mmmm| Collapsed rock
L] Sylvinite [m| Zone of possible fracture Name of the layer

Fig. 3. Behaviour of destruction of the rock massif during the movement of the cleaning front with a length
of along face equalto:a—5Sm; b—10m; c— 15 m; d—20m; e — 25 m; f— 30 m
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The Fig. 3 shows the change in configuration of a
rock massif when a long face move away the
assembly drift during the mining of layers 2, 2-3, 3 in
a section perpendicular to the cleaning front.
Localization and amplitude of opening of the clay
contacts are shown as well. Contacts in the roof are
degassed as a result of mining, therefore only the state
of the clay interbedding developed in a bedrock of a
long face is analyzed. Opening of clay contacts is
observed immediately during the movement of
cleaning works front (Fig. 3a). If the length of a goaf
behind the support is 10 m and more then the roof
starts to collapse and contacts partially close (Fig. 35,
3¢). In case a long face moves away from the the
assembly drift then there is a destruction of
interbedding and penetration of rocks collapsed during
rock roof mining into the goaf backfilling (Fig. 3d).
Rocks create an additional resistance which leads to
the closure or degassing of contacts in the long face
bedrock (see Fig. 3d) [37]. In some cases, collapse of
the roof behind the face support does not take place
immediately [38, 39]. That leads to the opening of
contacts in a goaf bedrock and hence, create
conditions for GDP occurrence (Fig. 3e). That
contacts are closed after long face movement and
collapse of rocks in the space behind the support
(Fig. 3f). Thus, depending on physical and mechanical
properties of the rocks, their decompaction and lateral
variability of these characteristics as well, a certain
periodicity in the character of the destruction of the
rock mass in the area of the goaf space can
be observed. At the same time there are focuses

Conclusion

Results of mathematical modeling of a stress-
strain state of bedrock during the mining layers 2,
2-3 and 3 wunder the conditions of the layer
excavation of the Third layer allowed drawing the
following conclusions:

1. It was established that there is an unloading
area in a long face bedrock (underlying halite
layer) in case when the bedrock does not contain
clay inerlayers and the long face moves away from
the assemly drift. There is no contact
accumulations of free gas in the bedrock formed
under mentioned conditions.

2. It is established that if there are three or
more clay contacts in the layer of the underlying
halite then early opening of the contacts occurs.
Overlapping rocks retain their continuity. Thus,
conditions for the formation of a multilevel focus
of the GDP formed during the discovery of gas-
saturated clay contacts are created.

3. Temporary focuses of GDP can be periodically
formed in the bedrock in case of roof overhang
during the motion of the clearing front in the face
space.

The results of conducted studies were
used to develop parameters of preventive drilling
of degassing holders in the bedrock of mines.
That allows to prevent gas-dynamic phenomena
to occure from the bedrock during the processing
of layers 2, 2-3 and 3 while implementation
of various bord and pillar methods to develope

of GDP formed periodically in the face space of a  the Third potash formation at mines
long face due to the opening of contacts in a bedrock ~ of 1-4 RU and Krasnoslobodskiy —mine
(see Fig. 3d, 3e, 3f). 2 RU of Belaruskali JSC.
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