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Abstract. The article discusses the effect of fluids on the properties of 
rocks. It is known that surface active environments, including gas, can 
significantly change the mechanical characteristics of solids. To establish 
the dependence of the effect of methane on the strength characteristics of 
rocks, the results of full-scale and laboratory studies are considered. The 
experiments were carried out on samples of outburst sandstone formation 
m3, taken at a depth of 915 m.  Analysis of research results allowed to 
establish the effect of changes in gas saturation of rocks on their 
mechanical properties before and after degassing and partial discharge of 
experimental areas after they have been worked by lavas along m3 
formation. It has been established that the reason for the increase in 
drillability and strength of sandstones was their degassing, and not a 
change in the stress state of the environment. This led to a change in the 
deformation properties of rocks in gas-saturated and degassed states. 

Introduction 

In oil, gas, chemical industries, much attention is paid to the search for surface active 
agents (surfactants) that can change the strength properties of solid environments and 
materials [1]. Aqueous solutions of surfactants are used to reduce the strength when drilling 
oil and gas wells. It is known that surface-active environments, including gas, can 
significantly change the mechanical characteristics of solid bodies [2]. 

So, the bottomhole and marginal part of coal seams is strengthened during degassing 
[2, 3]. A change in the strength of coal by 25–30 % with saturation with methane was 
confirmed under laboratory conditions [4, 5]. And the injection of water with surfactant 
additives into coal seams is one of the ways to control emissions [6]. 

Outburst sandstones are gas-saturated and differ significantly in composition and 
structure from coal. Therefore, it is of interest both to develop methods for determining the 
mechanical characteristics of rock samples in a gas-saturated state, and to study the 
properties of outburst sandstones during their gas saturation and degassing [4, 7, 8]. 

In mine conditions, determination of the strength of sandstones of outburst and outburst-
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safe zones can be obtained by boring, which characterizes the resistance of the massif to 
destruction and is measured by drilling time per unit length of the well. 

Research service 

Areas of western and eastern field haulage drifts of the m3 seam within the mine field on the 
horizon of 915 m were selected as experimental ones. 

The selection of these areas was due to the need for their degassing and partial 
unloading during the overhaul of the lavas, as well as the fact that 40 sandstone emissions 
weighing up to 500 tons occurred during the workings. 

In the soil of m3 seam lies sandstone m2Sm3  with a thickness of 30–40 m at distance of 
30 m. The natural gas content of the rocks varies between 0.5–3 m3/t. The measured gas 
pressure in the massif reached 8 MPa, and the stresses measured by the method of hydraulic 
fracturing were 35 MPa. 

At all stages of the experimental work, the degree of gas saturation and the stress state 
of the massif were controlled. 

Methods 

Within the experimental areas covering outburst and outburst-safe zones of sandstone, core 
wells were drilled before the development of the overlying coal seam began. 

To obtain cores, an upgraded BGA-2m machine was used, having an adjustable 
hydraulic feed, which was reequipped for core drilling. 

To exclude the influence of technological factors, the mode of operation of the machine, 
providing the standard performance, controlled and maintained at a constant level: 

- feed force 5 kN, 
- pressure of compressed air in the pipeline 0.6 MPa, 
- pressure 0.2 MPa, 
- flushing fluid flow 10 l/min, 
- spindle speed 115 rpm. 
Carbide crowns with a diameter of 76 mm were used for boring, the replacement of 

which was carried out through each linear meter of the well after core extraction. By the 
time of meter boring, the value of drillability and its change along the well length was 
determined. Boring was carried out across the strike and on the bedding. 

Taking samples from those parts of the wells in which the core was not destroyed on the 
disks, under laboratory conditions, the limits of the compressive strength of the samples and 
strength coefficient were determined according to the M.M. Protodyakonov’s scale. 

We established a correlation between strength and drillability. By extrapolation, the 
strength of rocks was determined from the drillability of those parts of the massif in which 
the core was destroyed on disks. 

In order to analyze the effect of changes in gas saturation of rocks on their mechanical 
properties, according to field observations, a similar cycle of research was carried out after 
degassing and partial unloading of experimental areas after they were worked out by lavas 
along the formation m3. 

New core wells were drilled within the experimental areas at distance of 1-2 m from 
previous wells drilled earlier in an intact massif. 

After that, a comparative analysis was made. 
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Results and discussion 

The relationship between rock drillability and its strength in general form is expressed by 
the equation of displaced hyperbola with vertical asymptote: 

 )/( 0tttff bbm  ,      (1) 

where tb– rock drillability, min/m; fm – empirical coefficient, constant for a specific type 
of boring, the value of which is equal to the asymptotic value of the coefficient of the 
massif’s strength; t0 – drillability coefficient, equal in value to rock drillability with a 
strength coefficient f/2. The constant parameters of equation (1) are determined by the least 
square’s method fm=18, tb=5. 

In this case, by drillability, the strength of outburst sandstones can be determined in 
those parts of the massif in which the core was divided into disks during the drilling of 
wells (see Fig. 1, 2 shaded areas). 

 

Fig. 1. The nature of change of drillability (1) and strength (2) of sandstone along the length of wells 
drilled across the strike of rocks in a gas-saturated strained massif (a, b) and after its degassing and 
partial discharge (c). 

The results obtained for wells drilled across the strike of rocks are shown in Figure 1, 
according to the bedding of rocks in Figure 2. 

Figure 1,a and Figure 1,b reflect the patterns of changes in the monitored parameters in 
the intact massif, the Figure 1,c – after its partial discharge and degassing. 

3

E3S Web of Conferences 109, 00103 (2019) https://doi.org/10.1051/e3sconf/201910900103
Essays of Mining Science and Practice 2019



The abscissa axis shows the distance from the wellhead. The zones in which the cores 
were divided into disks were shaded for clarity. Polylines 1 reflect the change in drillability 
along the length of the wells. Its values are averaged over each running meter. Polylines 2 
are the rock strength values calculated from the established correlation between drillability 
and sandstone strength. The dots around lines 2 show the strength values of the 
corresponding sandstone samples obtained from laboratory tests. Polyline 3 (Fig. 1) 
corresponds to the change in the modulus of elasticity of rocks along the well length, which 
was determined by the ultrasonic method by the magnitude of the velocity of the 
longitudinal and transverse waves. 

When comparing the results of laboratory determinations of the coefficients of 
sandstone strength with the drillability of the corresponding areas shown in Figure 1 and 
Figure 2, it is clearly seen that the qualitative nature of changes in these parameters along 
the length of the wells is similar. 

 

Fig. 2. The nature of changes in drillability (1), strength (2) and elastic modulus (3) of sandstone 
along the length of wells drilled in the bedding of strained gas-saturated massif (a, b) and after its 
degassing and partial discharge (c). 

Analysis of the results presented in Figure 1 and Figure 2 (a, b), indicates that the rock 
drillability varied from 3 to 15 min/m. Moreover, its maximum values or, respectively, the 
minimum boring speed were recorded in sections of wells drilled in safety-relevant areas, 
where the core was not divided into discs. Conversely, where the core was intensively 
divided into disks, the drillability decreased noticeably. 

The numerical values of these parameters, averaged over all wells within the respective 
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zones, were 9.5 and 4 min/m, differing by almost 2.5 times. 
Taking samples of sandstone in areas of wells with solid core, in laboratory conditions, 

we determined the limits of the strength of the samples and the strength coefficients. 
The sandstone strength values calculated by the formula (1) by drillability in the areas 

of the massif in which the core was destroyed on the disks turned out to be 6.7–9, which is 
on average 1.5 times less than in adjacent zones with a solid core. 

After overworking of massif, the residual pressure of methane and the gas content of the 
rocks did not exceed 0.5 MPa and 0.2 m3/t, respectively. As the collapsed roofs of the rocks 
compacted, the stresses in the sandstone massif partially recovered and stabilized at 
23 MPa. 

It is known that with a decrease in the stress state of rocks from 100 MPa to zero, their 
drillability decreases [8], i.e., the qualitative picture is the opposite of that recorded in the 
described experiments during partial unloading of the massif. This proves that the reason 
for the increase in drillability and strength of sandstones was their degassing, and not the 
change in the stress state of the environment. 

Conclusions 

The mechanical characteristics of outburst and outburst-safe sandstones differ noticeably 
among themselves. But these differences are clearly seen in the gas-saturated state of the 
rocks and are largely smoothed out when they are degassed. Sandstone strength in outburst 
zones is on average f = 8, in outburst-safe f = 11, i.e. it differs 1.4 times. 

After degassing, the strength of outburst and outburst-safe sandstones is approximately 
the same. Thus, the results of experimental studies have shown that methane, like other 
fluids, reduces the strength of outburst sandstones. 

This in particular can be explained why, when tested on degassed samples taken in 
outburst and outburst-safe zones, the differences in strength properties are not traced or 
expressed weakly, which leads to contradictory interpretations in assessing the causes of 
local zonality of emissions. 

The fact that the change in the mechanical characteristics of outburst sandstones during 
their gas saturation and degassing occurs within the same limits indicates that mass transfer 
processes and the degree of gas saturation of the rocks affect the change in properties and 
are not accompanied by irreversible changes in the structure of the environment. 

Decrease in strength and increase in deformation properties of rocks in a gas-saturated 
state testify that for their destruction smaller tension and energy value are required. This is 
one of the forms of influence of gas on outburst, which must be considered when studying 
the nature and mechanism of gas-dynamic phenomena and quantifying their parameters. 
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