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Abstract. An analysis of the world experience in the development of potash deposits shows that the main problems 

arising during their development are a high level of mineral losses, an increased risk of flooding of mine workings as 

a result of water-proof layer discontinuance and the development of emergency water inflows in the mined-out spaces. 

Reduction of potash ore losses can be achieved by using a long-pillar mining system, but this method is limited by the 

peculiarities of the geological structure of the potash deposits and the need to preserve the continuity of the water-proof 

layer during its underworking. The safety of underworking of the water-proof layer can be improved by using the 

stowing of the developed longwall space. However, the question of the influence of the stowing on the height of the 

zone of water supply cracks development remains little-studied. The world experience of stowing the developed spaces 

in the development of layers with long pillars is analyzed and the technology of placing the stowing masses, which can 

solve these problems, is proposed. The considered technology and the proposed solutions are supported by laboratory 

tests of stowing materials and mathematical modeling of deformation zones in the overlying rocks. 
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Introduction. The rate of potash ore mining is constantly increasing, and this trend will continue 

[1, 2]. Potash fertilizers are produced in Canada, Belarus, Russia, Germany, China and other countries 

[3]. 31 % of the world's potash reserves are concentrated in Russia. The extraction of salts in Russia by 

the traditional mining method is carried out at three deposits: Verkhnekamskoye, Iletskoye and Ty-

retskoye. At two deposits – Gremyachinskoye and Nivenskoye – work is underway to develop reserves, 

which are also planned for underground mining [4]. 

The specifics of the potash deposits development are associated with the high solubility of salts 

and the presence of water-bearing layers in the covering rocks, so the urgent task is to prevent the 

processes leading to flooding of the mine [5]. Subsurface users are forced to reduce the extraction 

coefficient to reasonable limits (in some cases up to 30 %) and apply a soft technology of short-face 

mining with the ore pillars leaving to preserve safe conditions for working in the water-proof layer [6]. 

The analysis of statistics of catastrophic water and brine breakthroughs in potash mine work-

ings shows that over the past 100 years, such cases have been recorded on average once every 3-5 

years in the world, in Russia and neighboring countries – once every 10-20 years (Table 1). In world 

practice, about 80 salt mines were flooded and could not be restored [7], including three mines at the 

Verkhnekamskoye potash-magnesium salt deposit [8-10]. The main reason for flooding of the mines 

is the formation of man–made water supply channels in the covering water-proof layer as a result of 

its underworking, which is why up to 50 % of potash companies in the world shut down before the 

end of the development of the reserves [11]. The breakthrough of brines into the potash mine workings 

leads to its uncontrolled flooding, an environmental disaster in the development region, loss of reserves 
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and huge economic damage [12]. It is possible to reduce the probability of the formation of water 

supply channels in the water-proof layer and further flooding of the mine by controlling the roof by 

stowing the developed space in the mining process [13]. 

 
Table 1 

Chronology of accidents at potash mines in Russia 

The year  

of the accident 
Mine Type of deposit Accident 

1979 Sol-Iletsky mine N 1 Dome Flooding 

1986 BKRU-3 Formation Flooding 

1995 SKRU-2 Formation Failure 

2006 BKRU-1 Formation Flooding 

2014 SKRU-2 Formation Breakthrough of above-salt waters 

 

Thus, when developing salt deposits, it is necessary to solve two interrelated problems – a high 

level of losses and an increased risk of flooding of mine workings. The problems can be solved with 

the help of a long-pillar development system with stowing of the developed space. However, to do 

this, it is necessary to ensure the safety of the water-proof layer by stowing the developed space. 

When stowing out the developed space, an artificially created stowing mass acts as a bearing 

element and, therefore, affects the nature of changes in the parameters of the stress-strain state (SSS) 

of the enclosing rock mass, including that in the underworked zones. However, as the practice of 

mining operations at potash-magnesium deposits shows, the influence of the stowing masses of the 

developed longwall space on the state of the water-proof layer (WPL) is not taken into account in 

the existing regulatory and technical documentation [14]. Also, the issues of effective technology 

for the construction of stowing masses behind long stoping faces in potash deposits and the justifica-

tion of their necessary physical and mechanical properties have not been sufficiently studied. 

The experience of mining potash mines shows that savings on stowing works are incomparable 

with financial losses when the mine is flooded [15, 16]. According to estimates, as a result of flooding 

of the mine with approved reserves for 20 years of mining, the lost profit will amount to about 60 

billion rubles. According to the matrix for assessing the consequences of man-made risks [17], the 

probability of mine flooding, characterized by a frequency of 1 to 0.1 times a year and financial 

damage to the company of more than $ 100 million, should be attributed to a very high risk that 

requires immediate implementation of measures to reduce it and increased attention from the subsoil 

user. Due to the high risks of flooding, the need for stowing the developed spaces is justified. 

Experience in the application of selective excavation technologies at the mines of Belaruskali 

OJSC. An analysis of the current experience in the development of potash deposits shows that long-

pillar mining systems with the stowing of the worked-out space during the development of salt layers 

have found application only at the Starobinskoye deposit [18]. At this potash salt deposit, mining-

geological and hydrogeological conditions are relatively favorable, therefore, the stowing is used not 

to reduce the development of water supply cracks over the worked-out space, but to place waste rock 

from the interlayers in the worked-out space and improve the quality of ore delivered to the factory. 

The stowing is carried out by stowing out rubble bands behind the mechanized complex with the 

help of throwers located in pre-mined stowing drifts. The disadvantages of this scheme are the sig-

nificant shrinkage of the rubble bands after contact with the roof rocks and their low bearing capacity, 

due to the fact that the stowing material spreads apart under pressure due to the absence of side stops. 

Also, this technology does not solve the problem of disposal of liquid waste produced as a result of 

the enrichment of potash ore. 

Experience in the application of technologies of full mechanized stowing of longwalls in the coal 

mines of China. During the development of flat-lying coal seams, the stowing of worked-out spaces of 
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longwalls has found application in the coal mines of China. The stowing is carried out with the help of 

special laying equipment integrated into the mechanized complex [19, 20]. The support in the back is 

equipped with a blockage and a compaction mechanism. A stowing scraper conveyor is suspended to 

the blockage shield, which receives the stowing material and is poured onto the ground of the worked-

out space through holes opened in the conveyor belt. After the formation of the fill, the rock is com-

pacted with a compaction mechanism. 

The disadvantages are the complexity of delivering the stowing material from the surface to the 

worked-out space, the need for periodic stops of the stoping face due to the duration of the stowing 

work, as well as the low manufacturability of the complete stowing of the worked-out space. This 

technology also does not solve the problem of disposal of liquid waste generated as a result of the 

enrichment of potash ore. 

The developed technology of placement of stowing masses in the developed longwall space. As an 

alternative to traditional pillar systems of development for the conditions of promising potash-magne-

sium deposits, a technology for placing stowing masses in the developed spaces of longwalls equipped 

with mechanized complexes can be proposed [21]. It is proposed to place a stowing in the form of a 

hardening hydro-stowing mixture in the developed space inside elastic reservoirs made of waterproof-

ing material, which are located in the developed space in the form of bands perpendicular to the longwall 

face (Fig.1). The hardening hydro-stowing mixture is delivered to the reservoirs through stowing pipe-

lines, which are mounted in pre-mined conveyor ventilation and stowing drifts. As the longwall moves, 

sections of the stowing pipelines are dismantled. The reservoirs are attached to the support sections 

from the side of the developed space or deli-

vered piece by piece to the location. Reser-

voirs should ensure the preservation of a given 

shape when they are filled to the height of the 

developed space. During the time that the res-

ervoir closest to the face is filled, the previous 

one, filled, gains strength. 

The composition of the stowing mass is 

selected in such a way to exclude the for-

mation of water supply channels in the wa-

ter-proof layer. The time to reach the re-

quired load-bearing capacity of the stowing 

mass is set in accordance with the required 

speed of moving the face. By the time the 

stowing mass comes into contact with the roof 

rocks, the stowing mass has the necessary 

strength properties (Fig.2). 

The parameters of the stowing mass 

bands – width, distance between them and 

their number – should be linked to the pa-

rameters of the roof movement. The height 

of cracking after deformations of the overly-

ing rocks should be less than the geological 

capacity of the WPL with the retention of a 

protective water-proof ceiling [14]. 

Methodology. The experience of mining 

potash deposits shows that the most techno-

logically advanced types of stowing in condi-

tions of salt mines are [22]: 
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Fig.1. Schematic diagram of the technology of placement 

of stowing masses in the developed longwall space [21] 

1 – longwall conveyor drift; 2 – longwall stowing drift; 3 – longwall  

ventilation drift; 4 – support sections; 5 – stowing pipeline; 6 – reservoir; 

7 – stowing material; 8 – developed space; 9 – barrier pillar 
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Fig.2. Scheme of the stowing masses location in the developed 

longwall space 

1 – stowing pipeline; 2 – stowing material; 3 – reservoir;  

4 – support sections; 5 – ground; 6 – roof; 7 –  formation 
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• a loose stowing from the destroyed waste rock obtained as a result of tunneling or selective 

excavation and placed in the worked-out space by a mechanized method (actively used in the mines 

of the Starobinsky deposit) [16]; 

• hydraulic “self-hardening” stowing based on salt waste, fed into the worked-out space in the 

form of pulp, giving brine and crystallizing (actively used in the mines of the Verkhnekamskoye 

deposit, including the formation of softening zones) [23].  

In the laboratory of Physical and Mechanical properties and Destruction of Rocks of the Center 

of Geomechanics and Mining Issues of the St. Petersburg Mining University, the physical and me-

chanical and deformation properties of the stowing masses were investigated. The experiment was 

carried out in two stages to study each type of stowing (loose and hydraulic) in the conditions of the 

Nivenskoye deposit [24]. 

At the first stage of the experiment for loose stowing, the dependence of the shrinkage of de-

stroyed salt rocks on the applied load was investigated. The halite rock used in the laboratory exper-

iment was selected from core material at the Nivenskoye potash-magnesium salt deposit from a depth 

of 1000-1100 m. The selected material was prepared for uniaxial compression tests by preliminary 

crushing and sieving through a group of sieves (mm): 5.00-7.00; 3.00-5.00; 2.00-3.00; 1.00-2.00; 

0.25-1.00; <0.25. Such a range of fractional separation fully enough corresponds to the real granulo-

metric composition of salt rocks during their mechanical destruction. Granulometric composition of 

the waste rock from the excavation, depending on the fraction of size (mm) and the total content  

of the class (%): 100.0-50.0/15.0; 50.0-25.0/17.0; 25.0-10.0/14.0; 10.0-5.0/12.0; 5.0-3.0/11.0;  

3.0-2.0/9.0; 2.0-1.0/7.0; 1.0-0.5/5.0; 0.5-0.2/8.0; 0.2-0.1/2.0. 

The samples were tested by fractions in the mode of specified deformations in a steel cylindrical 

vessel with a size of 150×150 mm, i.e. in a clamped medium. Testing of loose samples under such 

conditions made it possible to reflect the behavior of the material under study in an elastic core of 

volumetric compression formed inside a real stowing mass as the load from the descending roof rocks 

is transferred to it [14]. 

The results showed that the fraction size above 2 mm practically does not affect the reduction of 

shrinkage, i.e. with a higher concentration of fine fraction in the composition of the stowing, it is 

possible to improve compression properties. 

After processing the experimental data, the resulting shrinkage curve of the loose halite stowing 

material was constructed depending on the applied load (Fig.3, a). 

According to the schedule, at the depth of the productive layers of the Nivenskoye deposit (about 

1100 m), after stabilization of the displacement processes, we should expect shrinkage of the stowing 

mass left in the developed longwall space to values of about 35% of the original height. 

The obtained experimental generalized shrinkage curve of loose stowing material is described 

by the equation: 
σ

0ε=ε 1 ne
 

 
 

, 

 

where ε0 – deformation parameter depending on the size of the loose material fraction (in the first 

approximation for the generalized curve ε0 = 35 %), %; σ – compressive pressure acting on the mate-

rial, MPa; n – an empirical parameter depending on the size of the bulk material fraction (in the first 

approximation for the generalized curve n = 7.3 MPa), MPa. 

In the second stage of the experiment, the strength properties of samples formed as a result of 

natural crystallization were studied for hydraulic stowing based on salt waste. Crushed halite rock 

was prepared for the production of the hydraulic-stowing pulp, which was gaged with saturated brine. 

The crystallization and solidification process of the samples lasted up to three months. 
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During the experiment, it was possible to 

achieve solidification of samples in laboratory 

conditions and the formation of crystalline 

bonds between salt particles, which allowed 

the formed samples to gain strength character-

istics. The finished samples of the stowing 

masses were tested for strength and brought to 

the limit state. After processing the experi-

mental data, the resulting deformation curve 

of the stowing mass was constructed based on 

the hydraulic stowing depending on the ap-

plied load (Fig.3, b). The strength properties 

of hydraulic masses can be increased to the re-

quired limit by adding binding additives to the 

composition of the stowing [25, 26]. 

The obtained curve shapes correspond 

to the results of studies carried out by spe-

cialists at the Starobinskoye and Verkh-

nekamskoye deposits [14, 27], as well as 

with foreign experience in studying the com-

pression properties of the stowing [28]. 

To assess the stress-strain state of the wa-

ter-proof layer, computer modeling was carried 

out [24, 29, 30]. Based on the data obtained in 

the FLAC2D software package, a mining and 

geomechanical model of the technology for 

placing stowing masses in the form of reser-

voirs in the worked-out space of longwalls 

during the development of four potash seams 

was developed using the example of idealized 

conditions of the Nivenskoye deposit of pot-

ash-magnesium salts (Fig.4). For the same 

conditions, the stress-strain state of the roof 

was modeled when working out layers without 

the use of a stowing and when stowing with 

rubble bands according to the experience of 

Belaruskali OJSC with subsequent comparison 

of the results. 

Initial data for modeling: the number of 

layers being developed – 4; the numbering of 

the layers is from bottom to top; the order of 

mining is descending; the occurrence of the 

layers is horizontal; the longwalls and the in-

ter-pillars are located on different layers coax-

ially; the extracted thickness of the first layer 

m1 – 2 m; the second layer m2 – 4 m; the third 

layer m3 – 2 m; the fourth layer m4 – 2 m; the 

total extracted thickness m – 10 m; the thick-

ness between the first and second layers  

m2-1 – 4 m; the thickness between the second 
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Fig.3. Generalized graph of the dependence of the shrink-

age of a loose stowing from crushed halite (a) 

and a hydraulic stowing based on salt waste (b) 

on the applied pressure 
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and third layers m3-2 – 2 m; the thickness between the third and fourth layers m4–3 – 10 m; the depth 

of the roof of the upper worked layer m4 – H = 1100 m; geological thickness WPL – H = 350 m;  

Young's modulus of the host rocks and layers – 10000 MPa; Poisson's ratio – 0,3; tensile strength – 

1,0 MPa; bonding strenght – 5 MPa; angle of internal friction – 30; length of the longwalls on the 

layers being worked out – L = 300 m; width of the inter-pillars – B = 60 m; а – width of the stowing 

mass (assumed to be 20 m in the simulation). 

Discussion. The models show the zones of development of vertical tensile deformations over the 

developed longwall space, which corresponds to the formation of horizontal stratifications (Fig.5). 

These areas, together with zones of horizontal tension in the marginal parts of the worked-out spaces, 

can be interpreted as possible areas for the formation of water supply cracks. In the case of mining 

without a stowing, the capacity of the water supply crack zone (WSCZ) is about 226 m in height 

above the upper layer being worked out (Fig.5, a). Without carrying out measures to stowing the 

developed space, the final subsidence (after working out all four layers in the formation) at the WPL 

level is about 60 % of the extracted capacity, which can lead to the formation of dangerous conditions 

for side work in the marginal parts at the long-stopped boundaries of mining operations. 

When working out with mechanized stowing of the worked-out space in the form of bands of 

loose material, the power of the WSCZ is about 188 m in height above the upper layer being worked 

Fig.5. Fall arches (zone of development of tensile vertical  

deformations):  

а – after working out all the layers in the formation  

without stowing; 

b – after working out all the layers in the formation with  

mechanized stowing of the worked–out space in the form  

of bands of loose material;  

c – after working out all the layers in the formation with  

stowing of the worked-out space in the form of bands from 

reservoirs with the stowing material in the form  

of a hardening hydro-stowing mixture 

а b 

c 
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out (Fig.5, b). Placing the stowing material in the form of bands reduces the amount of subsidence 

during loose stowing to ~26.5 % of the output thickness. 

When working out with the stowing of the worked-out space in the form of bands from reservoirs 

with the stowing material in the form of a hardening hydro-stowing mixture, the WSCZ capacity is 

about 170 m in height above the upper layer being worked out (Fig.5, c). Placing the stowing material 

in the form of bands from the reservoirs reduces the amount of subsidence during hydraulic stowing 

to ~ 21 % of the removed capacity. The results of the modeling are shown in Table 2. 
 

Table 2 

Height WSCZ above the roof of the formation series 

The stage of working out 

(descending order) 
Total extracted thickness, m Without stowing works, m Bands of loose material, m 

Bands of hardening 

hydro-stowing mixture, m 

The first layer 2,0 186 117 102 

The second layer 4,0 193 154 134 

The third layer 8,0 226 175 163 

The fourth layer 10,0 226 188 170 

 
Conclusion. Statistics on the development of potash-magnesium deposits by the mine method 

indicates that potash-magnesium mines operate in conditions of very high risk due to the factor of the 

development of catastrophic processes in the water-proof layer, leading to flooding of workings and 

loss of reserves. Due to the high risks of the water supply channels formation in WPL during the 

development of potash-magnesium deposits, subsurface users are forced to use soft technologies of 

extraction by pillar systems with the pillars leaving and with a low extraction coefficient. 

It is proposed to place self-hardening hydraulic masses behind longwalls based on salt waste in 

the form of bands perpendicular to the longwall face. To prevent the pulp from spreading, it is fed 

into elastic reservoirs placed behind a mechanized support. This technology allows to collectively 

solve the problems of excess liquid waste of enrichment and reducing the height of water supply 

cracks, as well as, due to the possible use of long-pillar systems under water-bearing levels, increase 

the extraction coefficient. 

As the modeling results show, the decrease in the height of the water supply channels zone above 

the worked-out space of the simulated longwall when placing bands of self-hardening stowing mate-

rial based on salt waste behind the face reaches 16 % of the height of the water supply channels zone 

without the use of stowing and up to 10 % of the height of the water supply channels zone with the 

use of loose stowing. 
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