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 Currently, in the mine of the Gremyachinsky mining and processing plant, when driving workings along the industrial sylvinite 
layer, mining technical situations arise associated with the need to open and cross the development workings of the carnallite-
halite layer of the potassium-magnesium salt layer. As a rule, such mining and technical situations are confined to the anticlinal 
folds of the potassium-magnesium salt formation. Driving development workings with the Ural-20R combine along the rocks of 
the carnallite-halite layer is accompanied by sudden destruction of the contour part of the massif and combustible gases 
outgassing. Since the beginning of mining and preparation work in the mine of the Gremyachinsky mining and processing plant,
several cases of sudden destruction of the near-contour part of the massif have been recorded, which were accompanied by gas 
emissions, threatened the lives of miners and disrupted the rhythm of the mine. 
The article presents the results of the analysis of the geological and mining-technical conditions for the occurrence of sudden 
destruction of the near-contour part of the massif in the conditions of the mine in the Gremyachinsky mining and processing
plant. Based on the results of the geological and mining-technical conditions analysis for the occurrence, course and results of 
the completed process of massif near-contour part destruction, as well as the testimony of eyewitnesses and visual inspection of
the destruction places directly in mine workings, common signs were identified that were characteristic of gas-dynamic 
phenomena in the form of sudden salt and gas outbursts. A classification assessment of the gas-dynamic phenomena type was 
performed using decision rules for attributing gas-dynamic phenomena to a certain type. Methods were proposed to prevent gas-
dynamic phenomena in the form of sudden outbursts of salt and gas during the driving of development workings through the 
rocks of the carnallite-halite layer of the potassium-magnesium salt formation by tunneling and cleaning machines in the 
conditions of the mine of the Gremyachinsky mining and processing plant.
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 В настоящее время в руднике Гремячинского горно-обогатительного комбината при проходке выработок по 
промышленному сильвинитовому пласту возникают горнотехнические ситуации, связанные с необходимостью вскрытия
и пересечения забоями подготовительных выработок карналлит-галитового слоя пласта калийно-магниевых солей. Как 
правило, такие горно-технические ситуации приурочены к антиклинальным складкам пласта калийно-магниевых солей. 
Проходка подготовительных выработок комбайном «Урал-20Р» по породам карналлит-галитового слоя сопровождается 
внезапными разрушениями приконтурной части массива и газовыделениями горючих газов. С начала ведения горно-
подготовительных работ в руднике Гремячинского горно-обогатительного комбината зафиксировано несколько случаев 
внезапных разрушений приконтурной части массива, которые сопровождались газовыделениями, угрожали жизни
шахтеров и нарушали ритмичность работы рудника. 
В статье представлены результаты анализа геологических и горно-технических условий возникновения внезапных 
разрушений приконтурной части массива в условиях рудника Гремячинского горно-обогатительного комбината. На 
основании результатов анализа геологических и горно-технических условий возникновения, протекания и результатов 
закончившегося процесса разрушения приконтурной части массива, а также показаний очевидцев и визуального осмотра
мест разрушений непосредственно в горных выработках выявлены общие признаки, характерные для газодинамических
явлений в виде внезапных выбросов соли и газа. Выполнена классификационная оценка вида газодинамических явлений 
с помощью решающих правил по отнесению газодинамических явлений к определенному виду. Предложены способы
предотвращения газодинамических явлений в виде внезапных выбросов соли и газа при проходке подготовительных 
выработок по породам карналлит-галитового слоя пласта калийно-магниевых солей проходческо-очистными 
комбайнами в условиях рудника Гремячинского горно-обогатительного комбината. 
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Introduction 
 
In the world underground development of potash salt 

deposits is significantly complicated by gas-dynamic 
phenomena in the form of sudden outbursts of salt and gas, 
collapses of roof rocks (destruction of soil rocks) accompanied 
by gas release, combined-type phenomena and sudden 
squeezing of the bottom-hole part of the rocks. Gas-dynamic 
phenomena in the development of sylvinite layers are fast-
flowing processes of destructing the marginal part of the 
massif and removal of crushed rock by a flow of expanding 
gas into the mine workings. Due to such factors of gas-
dynamic phenomena as suddenness, high speed of rock pieces 
scattering, significant volumes of destroyed rocks, release of 
flammable gases, shock wave - all types of gas-dynamic 
phenomena pose a serious threat to the lives of miners, 
destroy expensive tunneling and mining equipment, disrupt 
the rhythm of work in potash mines. Driving development 
workings in the Gremyachinsky Mining and Processing Plant 
mine using Ural-20R heading and cleaning machines in 
carnallite-halite layer rocks is accompanied by sudden 
destruction of the marginal part of the massif and gas 
emissions of flammable gases. Since the beginning of mining 
and processing works in the Gremyachinsky Mining and 
Processing Plant mine, several cases of sudden destructing the 
marginal part of the massif have been recorded which were 
accompanied by gas emissions, threatened the lives of miners 
and disrupted the rhythm of the mine. In order to develop 
scientifically sound methods for predicting and preventing 
such sudden destruction of the marginal part of the massif, it 
is necessary to analyze the conditions of occurrence, course 
and results of the completed destruction process. 

 
Mining and geological conditions of development 
workings in the Gremyachinsky Mining and 
Processing Plant mine 
 
The Gremyachinsky potash deposit (GPSD) is located in 

the Kotelnikovsky district of the Volgograd region. The 
development of the deposit's reserves is carried out by the 
Gremyachinsky Mining and Processing Plant (MPP) mine of 
EuroChem-VolgaKaliy LLC. 

In the most complete sections of the Gremyachinsky 
potash deposit, the halogen strata of the deposit are divided 
into five rhythm packs, each of which is composed of 
anhydrites and dolomites in the lower part and mainly of 
rock salt in the upper part [1–7]. From bottom to top, the 
following rhythm packs are distinguished: Pogozhskaya (VI), 
Antipovskaya (VII), Pigarevskaya (VIII), Dolinnaya (IX), and 
Yeruslanskaya (X) rhythm packs (Fig. 1). 

The Pogozhskaya rhythm pack (VI) is the most consistent 
part of the halogen strata and can be traced over the entire 
area of the deposit without significant changes in 
composition and structure. The rhythm pack is subdivided 
into four layers (from bottom to top): basal anhydrite, halite, 
potassium-magnesium salts, and overlying rock salt. The 
basal anhydrite layer (VI-1), conditionally distinguished 
within the rhythm pack, is composed of gray and dark gray, 
fine-crystalline, massive or unclearly layered anhydrite rock. 
The layer thickness varies from 1.8 to 18.0 m. The halite 
layer (VI-2) is represented by light gray and pink, less often 
dark gray, medium-coarse crystalline, massive rock salt. The 
dark gray colour is due to finely dispersed admixture of 
clayey material. Veins and small nests of carnallite are noted 
throughout the layer. The NaCl content in the layer ranges 
from 83 to 95 %. The thickness of the formation is in most 
cases 40–55 m. In individual wells it decreases to 10–12 m 
or increases to 53–67 m. 

The potassium-magnesium salt layer (VI-3) is distinguished 
by the presence of carnallite and sylvinite rocks in the upper 
part of the section. Based on lithological and mineralogical-
geochemical features, this layer is subdivided into three layers 
(from bottom to top): carnallite-halite, sylvine-halite and 
sylvinite (productive). The carnallite-halite layer is traced  

 
 

Fig. 1. Stratigraphic section of the potash layer in the Gremyachinsky 
potash deposit 

 
almost everywhere. It is represented by alternating carnallite-
halite, halite-carnallite and halite with an admixture of carnallite 
layers with thicknesses from 1–2 to 3 m. Carnallite-halite and 
halite-carnallite varieties have a conglomerate-like texture - halite 
inclusions of different sizes (from 1–2 to 6–17 cm) are cemented 
by carnallite. Halite inclusions are light gray to gray, 
heterocrystalline, sometimes with a finely dispersed admixture of 
anhydrite material. Carnallite is medium-coarse crystalline, 
pinkish, meat-red. The carnallite content in carnallite-halite rocks 
is up to 20-30 %, in halite-carnallite rocks - up to 40-50 %. The 
layer thickness varies from 4-7 m to 10-20 m. Sometimes the 
layer thickness increases to 40-64 m. 

The sylvine-halite layer is traced in about half of the sections 
of geological exploration wells. 

In the absence of a sylvine-halite layer, the sylvinite deposit is 
underlain directly by a carnallite-halite layer. The layer is 
represented by alternating light-grey fine-medium-grained, 
massive rock salt and pinkish-light-grey, sometimes white fine-
medium-grained, rarely coarse-grained massive or rhythmically 
layered, unclearly rhythmically layered, sometimes contaminated 
with anhydrite material, sylvinite. The thickness of the sylvinite-
halite layer in the sections of boreholes that have exposed the 
layer is a few meters, sometimes the thickness of the sylvinite-
halite layer increases to 9–15 m.  

The sylvinite layer is considered as an industrial sylvinite 
formation in mining and industrial terms. The layer is represented 
by light-grey, grey, pinkish-grey, fine-medium crystalline 
sylvinite, rarely (in layers) coarsely crystalline. The thickness of 
the sylvinite layer varies from 2.3 to 20.8 m, averaging 9.46 m. 

The overlying rock salt layer (VI-4) is developed almost 
everywhere and is located between the sylvinite layer 
(productive deposit) of the Pogozhskaya rhythm pack and the 
basal anhydrite-dolomite layer of the overlying Antipovskaya 
rhythm pack. The layer is represented by rock salt of light 



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING 

НЕДРОПОЛЬЗОВАНИЕ 146 

gray, gray, dark gray, sometimes with a pinkish tint; mainly 
fine- and medium-grained, with separate interlayers of 
coarse-grained; massive, layered and unclearly layered. The 
bedding of the interlayers is predominantly horizontal, 
sometimes angles of up to 5–10°, 20° and even 50° are noted. 
Anhydrite and clayey material is noted almost everywhere in 
the form of finely dispersed admixture or separate 
interlayers up to 0.05–0.15 m thick. The thickness of the bed 
varies from 0.6–0.9 m to 3–5 m. The total thickness of the 
Pogozhskaya rhythm pack deposits varies from 54.3 to 136.8 m, 
averaging 81.6 m. The Antipovskaya rhythm pack (VII) 
consists of two beds: basal dolomite-anhydrite-halite and 
rock salt. The basal dolomite-anhydrite-halite bed (VII-1) is 
subdivided into four layers: anhydrite, magnesite-dolomite-
anhydrite, anhydrite-halite, and dolomite-anhydrite. The 
thickness of the anhydrite layer varies from 1.5 to 8 m, 
mostly 2.5–3.5 m. The magnesite-dolomite-anhydrite layer is 
not developed everywhere. The magnesite-dolomite-
anhydrite layer varies in thickness from 2 to 20 m. The 
anhydrite-halite layer is absent in a significant number of 
wells and the overlying dolomite-anhydrite layer is located 
either on the anhydrite layer or on the magnesite-dolomite-
anhydrite layer. The dolomite-anhydrite layer is developed 
almost everywhere. It is represented by the alternation of 
dark-gray dolomite with areas of brownish pelitomorphic-
microgranular and light-gray, pelitomorphic-microgranular 
anhydrite. The layer thickness varies from 12.5 to 37.4 m. 
The thickness of the basal dolomite-anhydrite-halite layer 
varies from 37.5 to 107.6 m and averages 66.4 m. 

The results of studying the gas content of the potassium-
magnesium salt layer under the conditions of the Gremyachinsky 
MPP mine showed that natural gases in salt rocks are contained 
in free and bound (micro-included) form. The gases include 
nitrogen, methane, heavy hydrocarbons (ethane, propane, 
butane, pentane), hydrogen, carbon dioxide, and other flammable 
and inert gases in insignificant quantities [1–11]. 

The gas content of free gases in carnallite-halite rocks 
varies from 0.02 to 0.32 m3/m3, with an average value of 
0.17 m3/m3. The gas content of free gases in carnallite rocks 
varies from 0.15 to 1.16 m3/m3, with an average value of 
0.30 m3/m3. The blend composition of free gases in carnallite 
rocks is as follows: CH4 - 32.31 %; H2 - 4.69 %; C2H6 - 
0.44 %; C3H8 - 0.02 %; iC4H10 - 0.001 %; nC4H10 - 
0.005 %; N2 - 62.51 %; CO2 and other gases - 0.02 %. The 
total content of combustible gases (methane + hydrogen) is 
37.01%. The total content of heavy hydrocarbons from the 
methane series is 0.46 %.  

The gas content of the carnallite-halite layer in the 
potassium-magnesium salt formation in terms of bound gases 
varies from 0.011 to 0.072 m3/m3, with an average value of 
0.039 m3/m3. According to the blend composition, the bound 
gases are methane-nitrogen. Hydrogen was also found in the 
bound gases of the carnallite-halite layer. The total content 
of methane hydrocarbons reaches 0.21 %, and the nitrogen 
content is 74.98 %. 

 
Sudden destruction of the perimeter massif during the 
driving development workings in the Gremyachinsky 
Mining and Processing Plant mine 
 
World practice of underground mining in potash salt 

deposits shows that underground mining is significantly 
complicated at almost all deposits, up to and including the 
closure of potash mines by gas-dynamic phenomena (GDP) 
[12–29]. Over the past three decades, significant 
contributions have been made to the study of the nature, 
mechanism, development of forecasting methods and 
prevention methods for gas-dynamic phenomena in potash 
mines [26, 30–34]. The implementation of research results 
in practice has made it possible to significantly reduce the 
frequency and intensity of gas-dynamic phenomena in 
mines, but the GDP problem is still far from its final 
solution; gas-dynamic phenomena continue to occur during 
preparatory and cleaning mining operations. Thus, in the 

conditions of the Gremyachinsky potash salt deposit in the 
Gremyachinsky MPP mine, during preparatory mining 
operations on the carnallite-halite layer rocks, several cases 
of sudden destructing the near-marginal part of the massif 
were recorded. 

Preparation of all panels in the mine field of the 
Gremyachinsky MPP mine is envisaged as a seam, with the 
location of workings in the roof of the sylvinite seam. The 
driving panel preparatory workings is envisaged by a 
combine method using combines in combination with a self-
propelled car and a bunker-loader. The workings are driven 
with a width on the ground of 5.1 m, a height of 3.7 m and 
a cross-sectional area of 20.2 m2. At the stage of preparatory 
mining operations, advanced exploration of the sylvinite 
seam is carried out using underground drilling wells in order 
to clarify the nature and complexity of possible tectonic 
disturbances. In this regard, the first intensive gas emission 
was recorded during drilling an underground exploration 
borehole in exploration drift No. 1. During drilling 
exploration borehole in the depth interval of 3.4–3.5 m in 
the carnallite-halite layer of the potassium-magnesium salt 
formation, gas emission from the borehole occurred with the 
ejection of drill fines and dust, accompanied by an air shock 
wave. In this case, the drilling tool with the core barrel were 
discarded, and the drilling rig in the working was shifted by 
approximately 1.0 m. During the driving transport drift No. 
2, a sudden destructing the near-face part of the massif 
occurred in the bottom-hole part, accompanied by gas 
emission (Fig. 2, a). 

The excavation of transport drift No. 2 was carried out 
in the carnallite-halite layer of the potassium-magnesium 
salt formation. As a result of the sudden destructing the 
marginal part of the massif, the right gearbox of the berm 
cutters up to the magnetic station of the combine was filled 
with destroyed rock weighing 0.4 tons. The cavity of the 
sudden destruction had an oval shape, the size of the 
cavity base was 1.0 × 0.5 m, the height of the cavity  
was 1.0 m. 

The next sudden destructing of the marginal part of the 
rocks weighing 0.3 tons occurred in the bottom-hole zone - in 
the right side of transport drift No. 1, which excavation was 
carried out in the carnallite-halite layer of the potassium-
magnesium salt formation. The sudden destruction was 
accompanied by gas emission, the content of flammable gases 
in the bottom-hole zone exceeded the maximum permissible 
concentration which led to the operation of the stationary 
equipment for continuous automatic monitoring flammable 
gas content installed on the Ural-20R combine. 

The sudden destructing the near-edge part of carnallite-
halite rocks with a volume of 32.2 m3 occurred from the roof 
of the working during the excavation of exploratory drift 
No. 2 (Fig. 2, b). 

As a result of the resolution, the cutting element and the 
gearbox engine of the berm cutters in the Ural 20-R combine 
complex were partially covered with destroyed rock. With a 
design width of 5.10 m, the actual width at the site of 
destruction was 5.81 m. The height of the workings, with a 
design value of 3.70 m, was 6.60 m. The concentration of 
combustible gases in the working face after destruction 
significantly exceeded the maximum permissible concentration 
and was 4 %. 

 
The nature of sudden destructing the marginal part  
of the massif during the drilling workings in the rocks 
of the carnallite-halite layer 
 
In order to determine the nature and classify the types of 

sudden destructing the marginal part of the massif that 
occurred in the Gremyachinsky MPP mine during the drilling 
workings in the carnallite-halite layer, analyzing conditions of 
occurrence, course and results of the completed destruction 
process based on eyewitness testimony and facts, as well as 
visual inspection of the destruction sites directly in the mine 
workings was made. 
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а 

 
b 
 

Fig. 2. Sudden destructing the marginal part of the rocks: a – in transport drift No. 2 (Gremyachinsky MPP mine);  
b – in exploration drift No. 2 (Gremyachinsky MPP mine) 

 

           
                                                                        а                                                                                                                        b 

Fig. 3. Cavity form appeared after the sudden destructing the marginal massif: 
a – in the wall of the exploratory drift No. 2; b – in the face of the transport drift No. 1 

 
As a result of the analyzing the cases of destructing the 

marginal part of the workings during their development by the 
Ural-20R combine, the following general signs were identified, 
characteristic of gas-dynamic phenomena (GDP) in the form of 
sudden salt and gas emissions [12-15, 26, 30, 31]: 

– locality of the show during sudden destructing the marginal 
rock part which are confined to the gas-bearing carnallite-halite 
layer; 

– in all cases after sudden destructing the marginal part of the 
rocks the presence of flammable gases in the working face was 
recorded, which concentration reached 4 % with the local 
ventilation fan operating; 

– suddenness and high speed of destructing the marginal part 
of the rocks (in none of the cases were precursors of destruction 
noted – roof deflections, peeling of the sides, formation of cracks 
in the roof and sides of the workings); 

– the shapes of the cavities after sudden destructions have an 
arbitrary shape with rounded walls (Fig. 3); 

– the walls of the cavities are broken by concentric cracks 
(see Fig. 3); 

– the destroyed carnallite-halite rock is represented by 
small fractions and thin plates as well as convex-concave 

plates outlining the cavities which indicates the destructing 
the marginal part of the rocks by the mechanism of layer-by-
layer separation, characteristic only of salt and gas 
emissions. 

Thus, based on the analysing cases of sudden destructing 
the marginal massif during the development of workings by 
the Ural-20R combine along the carnallite-halite layer at the 
Gremyachinsky MPP mine, they should be classified as 
sudden outbursts of salt and gas. The most general 
prerequisite for the development of a sudden outburst of salt 
and gas can be considered a fullfiling a known condition of 
the form [12]: 

 
 

,р

г м вm Р Р


 
  (1) 

where σр  – tensile strength of carnallite-halite layer rocks; 
гm  – gas pressure application surface; ,м вР Р  – gas pressure 

in the rock mass and the mine workings, respectively.  
At this stage of research, it can be assumed that the 

nature of salt and gas emissions during the excavation of 
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mine workings in the carnallite-halite layer rocks is due to 
the presence of local gas-saturated zones, which formation 
occurred, apparently, during epigenetic (secondary) 
processes caused by folding and migration of gas-saturated 
aqueous solutions which was accompanied by the 
accumulation of gases in local areas of rocks with reduced 
strength [30, 31]. To formalize the procedure for 
determining the type of gas-dynamic phenomenon that 
occurred in the Gremyachinsky MPP mine, decisive criteria 
have been developed that allow the correct determinating 
the type of gas-dynamic phenomenon that occurred. In the 
process of developing criteria for classifying types of gas-
dynamic events that occurred during mining operations at 
carnallite-halite seams of potassium salt deposits, the sizes of 
gas-dynamic event cavities were measured, their locations in 
the seam and chamber were determined, the presence of 
concentric cracks on the cavity walls and geological faults at 
the gas-dynamic event site were recorded. Analysis of gas-
dynamic event cases during mining of carnallite-halite seams 
showed that they should be divided into four types: sudden 
outbursts of salt and gas from the roof and walls of 
workings, sudden collapses from the roof and walls of 
workings. The following 10 parameters were used in the 
statistical analysis of parameters characterizing the type of 
gas-dynamic phenomenon: Х1 – distance from the gas-
dynamic event cavity to the face; Х2 – working width; Х3 – 
height of the phenomenon cavity; Х4 – major axis of the 
lower base of the phenomenon cavity; X5 – minor axis of the 
lower base of the phenomenon cavity; Х6 – presence of 
concentric cracks on the cavity walls; X7 is the number of 
layers penetrated by the phenomenon cavity; X8 is the 
cavity shape; X9 is the rock in which the phenomenon cavity 
ends; X10 is the presence of discontinuous disturbances in 
the developed layer and enclosing rocks. Since some of the 
parameters were qualitative, heuristic advancement was 
used which consists in the fact that qualitative parameters 
were marked with “labels” using a dichotomy (0; 1), and 
then these “labels” were used as the measurement result 
along with other quantitative parameters. Since not all of 
the used parameters, by which it was supposed to divide the 
GDP into groups, are equally useful, the most informative of 
them were selected. To solve this problem, singlestep 
discriminant analysis (SDA) was used where F-statistics 
based on the criterion of one-way variance analysis are used 
to select the most informative indicators [35, 36]. To divide 
the GDP into groups, as a result of implementing the SDA 
procedure, decision rules were obtained in the form of 
discriminant functions. Discriminant functions allow us to 
determine the type of the GDP that occurred. It refers to the 
type that corresponds to the largest numerical value of the 
discriminant function obtained by substituting the measured 
indicators into discriminant equations, which have the 
following form. For sudden emissions fem and collapses fcol, 
from the roof of workings: 
 fem = 12X8 + 7,6Хз + 4,1X6 + 3,4X10 - 18,7, (2) 

 fcol = 3,0X8+ 2,1Хз + 1,7X6 + 1,4X10 - 1,3. (3) 
For sudden outbursts and collapses from the sides of workings: 

 fem = 9,9X8 + 4,7X9 + 0,5Xз + 11,6X4 – 19,1, (4) 
 fcol = 2,5X8 + 1,0X9 + 2,5Xз – 2,5X4 – 6,7. (5) 

where X9 = 1.0, if the GDP cavity is located in the carnallite-
halite layer; X9 = 0, if it is located in any other layer. 

After substituting the numerical values into equations 
(2) and (3) or (4) and (5), some discriminant indices fem 
and fcol are determined. If fem > fcol, then the phenomenon 
that occurred is related to sudden outbursts, if fem < fcol, it 
is related to collapses. While substituting the numerical values 
characterizing sudden destruction of the marginal massif  
in the Gremyachinsky MPP mine, it was found that they are 

 
 

related to sudden outbursts of salt and gas. In accordance 
with the obtained classification criteria of gas-dynamic 
phenomena in the Gremyachinsky MPP mine, it is 
advisable not to use the term "fall" while analyzing similar 
destructing the marginal part of rocks in the future, since it 
does not reflect the real mechanism of destruction 
involving gas and can only characterize the local fallout of 
a part of rocks and minerals separated from the massif into 
the mine workings under the action of gravitational forces - 
the dead weight of the rocks. It should be noted that in 
addition to gas-dynamic phenomena, technological 
collapses of roof rocks can occur in the Gremyachinsky 
MPP mine. The causes of technological collapses are the 
separation of rock and its fall under the action of its own 
weight. Technological collapses of rocks are sometimes 
preceded by deflection of the layer, formation of cracks, 
cracking of rocks during their destruction. Collapses are 
accompanied by local sound effects without subsequent gas 
emission. Cavities of technological collapses have an 
irregular shape, large dimensions at the lower base and a 
significantly smaller height compared to the base, the walls 
of the cavity are uneven, often stepped. The collapsed rock 
is destroyed into sharp-angled pieces and slabs of arbitrary 
sizes, often represented by individual blocks and boulders. 
Due to the fact that technological collapses do not relate to 
GDP, their registration is not carried out by the geological 
service of the mine. 

 
Conclusion 
 
Based on the analysing the conditions of initiation, 

course and results of the completed destruction process, 
eyewitness accounts and facts, as well as visual inspection of 
the destruction sites directly in the mine workings of the 
Gremyachinsky MPP mine, the following conclusions can be 
made: 1. Sudden destructing the marginal part of the 
workings during their excavation have signs characteristic of 
gas-dynamic phenomena in the form of sudden salt and gas 
emissions. Such signs are: locality of show of sudden 
destructing the marginal part of the rocks which are confined to 
the gas-bearing carnallite-halite layer; the presence in all cases 
after the sudden destructing the marginal part of the rocks in 
the working face of combustible gases, which concentration 
reached 4 % with the local ventilation fan operating; 
suddenness and high speed of destructing the marginal part 
of the rocks (in none of the cases were there precursors of 
destruction - roof deflections, side peeling, formation of 
cracks in the roof and sides of the workings); the shapes of 
the cavities after sudden destructions have an arbitrary 
shape with rounded walls; the walls of the cavities are 
broken by concentric cracks; the destroyed carnallite-halite 
rock is represented by small fractions and thin plates as well 
as convex-concave plates outlining the cavities which 
indicates the destructing the marginal part of the rocks by 
the mechanism of layer-by-layer separation, characteristic 
only of salt and gas emissions. 

2. The nature of salt and gas emissions during the 
excavation of mine workings through the rocks of the 
carnallite-halite layer is due to the presence of local gas-
saturated zones, which formation occurred, apparently, during 
epigenetic (secondary) processes caused by folding and 
migration of gas-saturated aqueous solutions which was 
accompanied by the accumulation of gases in local areas of 
rocks with reduced strength. 3. In order to formalize the 
procedure for determining the type of gas-dynamic 
phenomenon that occurred in the Gremyachinsky MPP mine, 
criteria have been developed that reflect the causality of the 
phenomena and allow, based on the conditions of occurrence, 
progression and results of the completed process of 
destructing the marginal part of the workings, to determine its 
type and assess the main causes of its occurrence. 
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