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Abstract. In the Institute of Geotechnical Mechanics of the National 
Academy of Sciences of Ukraine (IGTM NAS of Ukraine), in order to 
improve the efficiency of hydro loosening in order to prevent sudden 
emissions of coal and gas, a method and device for impulse hydro 
loosening of coal seams are developed at the patent level. The device is 
based on the principle of periodic cavitation and is equipped with means 
for monitoring and controlling pressure in the filter cavity of the well – 
backwater pressure. Laboratory studies have established that the device 
provides maximum values of the range of pressure fluctuations at low 
values of the backwater. The backwater is formed by the hydraulic 
pressure necessary for the development of shear cracks. A method for 
calculating this pressure in order to compare its values with rational 
backwater values has been developed. In addition, the device has a 
backwater pressure control mechanism for bringing the device to a rational 
mode of its operation. 

1 Introduction 

For more than a hundred years in the coal industry there has been an acute problem of 
preventing terrible phenomena  sudden coal (rock) and gas emissions. To prevent these 
phenomena, about a dozen local methods have been developed. The most common method 
is the method of hydro loosening [1]. 

Years of experience in the application of the method shows that the injection of fluid in 
a static mode can provoke gas dynamic phenomena [1]. Therefore, in hazardous areas, 
excavations are carried out using drilling and blasting operations in a shaking blasting 
mode. As a result, the rate of excavation is reduced by more than two times, and the costs 
increase significantly. 

It is customary to divide the process of introducing fluid into the seam into four modes: 
filtration, hydro dissection, hydro fracturing, hydro erosion. Filtration is such a mode in 
which the rate of injection does not exceed the natural injectivity of the seam. In this case, 
the formation is not mechanically disturbed. Filtration mode does not have a significant 
effect on the bearing capacity of the seam, as it does not lead to the development of cracks. 
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Hydro fracturing can lead to a sharp hydro-pressing of the bottomhole part of the 
excavation. Hydro fracturing sometimes causes a sudden release of coal and gas. The most 
acceptable for reducing the bearing capacity of the impact-hazadeous formation is the 
formation of cracks in shear mode. The formation of cracks provides unloading of the near-
wellbore part of the reservoir from rock pressure and the release of methane from it in the 
hydro-erosion mode, when the rate of fluid injection does not substantially exceed the 
natural injectivity of the formation in the filtration mode. The question of the transition of 
cracks from the state of the development of shear cracks to the state of hydro fracturing is 
relevant in case of hydro loosening. Therefore, in case of hydro loosening, it is important to 
limit the flow rate of the liquid in order to eliminate the dangerous hydro-pressing. To do 
this, it is necessary to justify the maximum performance of the pumping unit. We use the 
authors’ developments of the book [2]. The authors present interesting generalized data of 
the crack width depending on the flow rate of the fluid supplied from it. 

2 Methods 

The maximum width of the formed crack cr was determined by the following formulas 
and empirical dependencies. 

Geerstsman and Clerk dependence 
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where Ql, – flow rate, m3/s and l,– viscosity of the injected fluid, Pa·s; lcr – half-length 
crack, m; m – seam capacity, m; 

Yu.P. Zheltov dependence 
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where Рс – well pressure, Pa; Рhor – lateral rock pressure, Pa; E – elastic modulus 
(Young's) (2·1010 Pa);  – Poisson's ratio (0.27); 

Perkins-Kern dependence 
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where E'– is the modulus of plane strain  21  EE ; 

method «PKN» 
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Identification of the Zheltov and Perkins-Kern model with a full-scale object shows the 
possibility of using these dependencies in solving practical problems. 

So, the Figure 1 shows that a crack with a width of 0.02 m occurs at a flow rate of 
0.01 m3/s [2]. If, when hydro dissection is taken, the crack width is 0.002 m, then the 
permissible flow rate will be 0.001 m3/s. Then the permissible maximum capacity of the 
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pump unit will be 0.001 m3/s. This value corresponds to the productivity of the serial UNI-
01 pumping unit at 9.2·10-4 m3/s. 

Fig. 1. Change the crack width of the hydro fracturing depending on the flow rate: 1 - 4 - calculated 
by dependencies (1) - (4). 

Now we will focus on the impulsive method of hydro loosening [3-10]. Previously, 
several methods have been developed to prevent sudden coal and gas emissions, based on 
the effect of vibration. It is assumed that the increase in the effect of unloading of seams by 
dynamic methods during hydro loosening occurs due to a decrease in the values of coal 
frictional parameters. In case vibration, the softening of coal occurs. There is a destruction 
not only from the axial load, but also due to the reduction of lateral forces. To ensure 
vibration, the method and device of the hydro impulse effect on coal seams were developed 
at the level of patents of Ukraine [11] (in this digest, a description of the device is set out in 
the article «Control mode unit of a cavitation generator for impulse hydro-loosening of coal 
beds»). The device is equipped with means for monitoring and controlling pressure in the 
filtering cavity — backpressure. Reducing the discharge pressure to a certain value by 
draining a part of the fluid from the well through the channel of the reverse flow of fluid 
brings the device to a rational mode of its operation while maintaining high values of 
impulse hydraulic pressure. 

The idea of the device is to use the phenomenon of the formation of elastic cavitation 
oscillations in the fluid flow when it is injected into a coal seam through a channel like a 
Venturi tube to create a vibratory effect in the formation and to develop inclined cracks. 
The most complete results of studies of cavitation fluid flow of domestic and foreign 
authors are presented in [12]. These studies show that in the case of cavitation regimes of 
fluid flow, as a result of the separation and collapse of cavitation cavities in contact with the 
wall of local hydraulic resistance, local increased impulse pressures occur. 

The phenomenon of the effect of vibration on a porous medium has long been known. 
To assess the level of seam unloading, we will use earlier studies in the field of rock 
softening under the vibration. At the end of the last century in IGTM NAS of Ukraine, 
Institute of Mining (IGD) named by A.A. Skochinsky and other institutions conducted 
studies on the vibration and cyclic effects on coal and rocks. The fact of strength reduction 
under these effects is established. In connection with the problem of rock bursts and sudden 
discharges, IGTM NAS of Ukraine, IGD named by A.A. Skochinsky and other institutions 
the scientists E.V. Lodus, S.L. Romanovsky (St. Petersburg) investigated the properties of 
impact-hazardous coal. Also found a drop in the strength of coal with increasing strain rate. 
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A particularly sharp drop in strength, twice, is observed at a strain rate of  = 10 s-1. Then 
the coal deformation rate is represented as 
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where ε – longitudinal deformation; t – time, s; P  – sweep pressure of fluid, Pa; z – 
impulse frequency, Hz; E=5·108 Pa – coal elastic modulus. 

On the basis of the stated results, the substantiation of the minimum necessary 
parameters of the cavitation generator using the formula 
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3 Results and discussion 

It is more important for us to know the value of the elasticity modulus of the coal seam 
perpendicular to the bedding, since in this direction the dynamic impact drives the cracks 
inclined to the bedding. Figure 2 shows the theoretical dependences of the rational 
frequency of the pressure impulses on their value according to expression (6). The 
experimental operating points of the device for impulse injection of fluid into the coal seam 
when the inlet pressure in the well varies from 3.1 to 14.4 MPa and the discharge pressure 
of 22 MPa are also presented here. As can be seen from the presented data, the parameters 
of the dynamic loading of the coal seam during impulsive hydro loosening completely 
correspond to the conditions of the theoretical dependencies of the rational impulse 
repetition rate on the magnitude of the pressure impulse. As a rule, working experimental 
points of the device are above theoretical dependencies. 

 
 – 14.4 MPa;  –10.1 MPa;  – 7.1 MPa;  – 3.1 MPa. 

Fig. 2. The theoretical dependencies of the rational impulse repetition rate on their magnitude at 
values of the elastic modulus of coal E = 5·102 MPa and E = 3·102 MPa and experimental points of 
the device of impulse impact on the coal seam under a discharge pressure of 22 MPa. 

To find out the rational operational parameters of the impulse hydro loosening device 
according to the pressure criteria of the backwater, we present the results of experimental 
studies of amplitude-frequency characteristics (AFC) of the elastic oscillator (Fig. 3) [13]. 
The Figure 3 shows that the well pressure values of the Рc (equal to backwater pressure Рb) 
should be in the range of 0.5-4.0 MPa. With these values, the device provides the highest 
values of the impulse width of the hydraulic pressure. To determine the value of pressure 
Рc, an appropriate method of its calculation is required. 
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Fig. 3. Experimental dependences of the amplitude of oscillations Р1 on the backwater pressure Рb 
at different pumping modes Рp: 1 – Рp = 15 МPа; 2 – Рp = 25 МPа; 3 – Рp = 35 МPа. 

 
We use the well-known Coulomb’s formula during the developing a method [14] 

  nk , (7) 

where kп – coal shear strength, Pa; τα – active shear stresses, Pa; μ – internal friction 
coefficient; σα – normal stress on the trajectory of maximum effective tangential stresses 
(TMETS), Pa. 

To solve the problem, we introduce the well pressure of the Рc fluid into the component 
of expression   (7) and present the expression (7) in the form [14] 
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where σу and σх vertical (rock pressure) and horizontal backwater stresses, Pa;  – tilt 
angle TMETS relatively horizontal, rad; ƒ – contact friction coefficient; h – seam width, m. 

Horizontal stress backwater is determined by the formula [14] 
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where ρ = arctgμ – angle of internal friction of coal, rad;  
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Crack angle calculated by the formula [14] 
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where  
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Then from expression (8) we have 
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Figure 4 shows the values of this pressure as a function of indicators of the properties of 
coal for a well sealing depth of 5.0 m along the ordinates of the seam thickness. As can be 
seen, the pressure values at the outfall of the filtration cavity of the well in ordinate у (in 
different sections of the reservoir) are in the range from 0 to 3.0 MPa. Now compare these 
values with the backwater pressure at the outlet of the fluid from the generator (Fig. 3). 

From comparing the values of the sub-pressure according to Figure 4 it can be seen that 
the pressure values at the outfall of the filtration cavity of the well and the pressure of the 
liquid overhead at the outlet of the cavitation generator are equivalent. This indicates the 
provision of an effective mode of the cavitation device during its interaction with the coal 
seam. In addition, the device has a backwater pressure control mechanism. The mechanism 
brings the device to a rational mode of its operation at high values of hydraulic pressure 
necessary for the development of a crack. 

 

Fig. 4. Dependencies of fluid pressure required for the development of a crack in the mouth of the 
filtration cavity of a well, from ordinates for seams with a capacity of 1.4 m: 1  for  = 0.52 rad; 2   
for  = 0.78 rad аnd a capacity of 2.0 m; 3  for  = 0.52 rad; 4  for  = 0.78 rad. 

Conclusions 

The IGTM of the NAS of Ukraine has developed a method and device for impulse hydro 
loosening of coal seams at the level of the patents of Ukraine. The device is equipped with 
means for monitoring and controlling pressure in the filter cavity  backwater pressure. 

A hyperbolic pattern between the minimum necessary frequency and the range of 
pressure impulses during impulse hydro loosening has been established. 

Laboratory studies have established that the device provides maximum values of the 
range of fluctuations of fluid pressure at low values of the backwater. The backwater 
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pressure is generated by the hydraulic pressure necessary for the development of shear 
cracks. To compare the values of this pressure with the required values of the backwater on 
the device, a method for their calculation has been developed. In addition, a discharge 
pressure control mechanism is provided in the device. Reducing the discharge pressure to a 
certain value by draining a part of the fluid from the well through the backflow channel of 
the fluid brings the device to a rational mode of its operation while maintaining high values 
of impulse hydro pressure. 
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