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Annotation. The article is devoted to the analysis of the mine instrumental measurements results of the local 
degassing system m3 seam at the horizon of 1100 m of the mine named after V.M. Bazhanova of State Сompany 
“Makiivugillia”. This is necessary to establish its basic rational parameters, followed by the use of a biotechnological 
method to reduce the concentration of methane in the atmosphere of mine workings. As a result of mine instrumental 
measurements (vacuum-gas surveys at the mouths of rising boreholes) the conditions for the use of methane capture by 
degassing boreholes, the parameters of the degassing process (methane production at the mouths of rising degassing 
boreholes and the average pressure on them, differential pressure on diaphragms, concentration methane in the gas-air 
mixture, as well as the efficiency criterion), technological parameters (angle of rotation and inclination of the boreholes, 
their length and diameter, casing of the wellhead pipes with a diameter of 100 mm or more, and the installation of 
conductors), the efficiency of the boreholes flow rate depending on the distance to the bottom of the longwall and the 
shift in the over- and undermined rocks are carried out according to the normative methodology. To optimize the 
parameters of the mixture being captured, it is necessary to quickly control the flow rate of boreholes and 
underpreassure at their borehole heads, taking into account the displacement parameters in specific mining-geological 
and mining engineering conditions of the coal seam excavation. Methods of such control can be the installation of 
diaphragms at the borehole heads or downhole water ejectors. The developed degassing system is dynamic, it means, 
until longwalls moves, new rising boreholes were put into operation and boreholes that lost productivity in mine methane 
were shut off. The use of biofilters will make it possible to control the concentration of methane in the atmosphere of 
mine workings, reducing it by 3-4 times, by the methanotrophic bacteria, to ensure safe working conditions for miners 
and also gain experience in producing biomass from methane. 

Keywords: mine methane, degassing, boreholes, biomass, bacteria. 
 

Introduction. Currently, in the Donbas mines, the most widely used methods are 

the degassing of sites, based on methane captage through underground drainage wells 

drilled from development working. With the further deepening of mining, this 

method of degassing will not lose its prevalence due to its continuous improvement. 

The concept of rational use of the subsoil provides for maximum extraction of 

energy from coal mines [1, 2]. Subsequent degassing of the plots should ensure safe 

mining conditions. This can be applied biotechnological methods of degassing [3], 

the effectiveness of which increases with the deepening of mining and the associated 

increase in temperature and methane concentration. 
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Like any technology, the degassing of underground wells has several 

disadvantages. Of them, the most significant are: relatively low productivity of 

methane due to low vacuum at borehole heads, long pipelines, significant air inflow 

into wells due to impaired leakage of their borehole head casing or part-time mining. 

Due to the influence of these and a number of other factors, in the whole Donbass, 

from 28 % to 45 % of the volume of methane captured was utilized [4-6]. At most of 

the mines, methane is underpressured into the atmosphere as coal mining waste, and 

at a number of mines the degassing systems are operated extremely inefficiently, 

without ensuring the safety of mining operations. With increasing loads on the 

longwall, the requirements for the quality of methane capturing by local wells 

increase. 

Uncertainty of the moments of connection, shutdown of wells and operational 

control of the capturing of methane leads to unjustified air leaks into the degassing 

system from the mined-out space and mine workings, reduces the efficiency of gas 

emission control at the site. 

Previously known methods of dealing with air leakage [7] prevent them only in 

the borehole head. In the case of the presence of aerodynamic connection of wells 

with the mined-out space, it is almost impossible to eliminate the suction. 

Thus, the study of the work of the local gas drainage system is relevant for 

improving the technological parameters of capturing coal mine methane, ensuring the 

safety of mining operations and improving the condition of the extracted gas mixture 

for its subsequent utilization. The scientific substantiation of the functioning 

parameters of the degassing system is possible only on the basis of an analysis of the 

causal relationship between the processes occurring in the extraction district. 

The purpose of the mine experimental studies was to establish the main rational 

technological parameters of the operation of the local drainage system, represented 

by the workable wells and the pipeline. 

Methods. Research methods - mine instrumental measurements (vacuum-gas 

surveys at the borehole head), mathematical processing of measurement results. 

For the draining-out of gases of the site, the methane capture by wells drilled from 

a mine with an interval of 15 m in the over- and undermined rocks in the direction of 

the advance of the longwall was used. The angle of well turn to the mine is 35, the 

angle of inclination is 30-44, the average angle is 37. The length of the wells is 70 - 

90 m, the average length is 71 m. 

Vacuum and gas surveys at the borehole head of the rising degassing wells were 

performed during 1 month of the site, at an average speed of longwall advance 2.5 

m/day. On the date of the first observation, the removal of longwall from the face 

entry was about 700 m, the next well closest to it was connected to the degassing 

pipeline 25 m from the longwall. Thus, the degassing system was dynamic: as the 

face run, new wells were put into operation and the lost methane production was 

turned off. 

Surveying was performed according to the standard procedure [7]. Based on the 

measurements of the vacuum at the borehole heads, the pressure drop across the 
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diaphragms and the concentration of methane in the mixture, the flow rate of methane 

from the wells was calculated. 

Results and discussion. We carried out an analysis of the work of the precinct 

drainage system during the excavation of the m3 reservoir by the 2nd eastern longwall 

mine. V.M. Bazhanova on the adit level 1100 m. The seam is fulfilled by a solid 

system with a complete collapse of the roof. Reservoir output capacity is 1.60 m. The 

longwall ventilation scheme is reciprocally accurate, with a cooling and 

underpressure of the outgoing jet through the ventilation mine roadway following the 

longwall. The mine roadway was guarded by gob pack of rock extracted during its 

conduct. 

Analysis of the results of measurements of rarefaction at the borehole heads 

showed that the average rarefaction across the site was 3.7 kPa (57 % of the standard 

[8] value) with the minimum underpressure pressure at the site equal to 39 % of the 

standard. The dependence of the underpressure at the borehole heads on the distance 

to the face of the longwall is shown in Figure 1.  
 

 
 

Figure 1 - The dependence of the underpressure P on the collar of the degassing wells on the 

distance to the longwall l 
 

For all observations, a regular decrease in the underpressure in the direction from 

the face entry to the face of the longwall was observed, which is associated with the 

gas flow rate from the wells. After bringing the position of the borehole heads to a 

quasistatic state of the face of the longwall, we obtained a set of points reflecting the 

dependence of the vacuum P on the borehole heads from the distance l to the face of 

the longwall. Obviously, there is a fairly close relationship between the signs, which 

can be functionally approximated by an exponential dependence of the form 
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Pa,0
lmaPP  , 

 

where Р0 – minimum underpreassure in the degassing station, timed to the well 

closest to the longwall at the time of its connection to the system, Pa; a, m – empirical 

coefficients taking into account the technological parameters of degassing and mining 

and geological conditions of the reservoir development. 

Thus, with this development system and the degassing scheme of the plot, the 

dependence of the underpressure at the borehole heads is described by an exponential 

function. The underpressure at the borehole heads depends on their location relative 

to the face of the longwall, or, more precisely, on the position of their working part in 

the shift trough of undermine rocks. The closer the borehole head to the longwall, the 

less underpressure in it. This indicates that in addition to the influence of gas flow as 

the mixture moves to the boundary of the site, the productive part of each well is 

consistently located in the zones of the shift trough, for which the parameters of gas 

pressure, permeability and gas emission of rocks are different. 

The absence of working wells at long intervals between wells allowed us to 

establish the parameters of air inflow into the local pipeline through the conduit 

joints. Under these conditions, the decrease in underpressure was 0.3 Pa per 1 

running meter, or 4 % for the whole site. With such an intensity of air inleakage, the 

total air flow into the stand at the joints averaged 0.51 m
3
/min and, with an average 

total methane consumption of 11.5 m
3
/min, caused an additional decrease in its 

concentration by 4 %. 

One of the parameters of the degassing system is the average for the site 

underpressure at the borehole heads (Fig. 2). At the first observation at 13 operating 

wells, the average underpressure was 3.85 kPa, at the second, at 14 wells - 3.81 kPa, 

at the third (11 wells) it decreased and amounted to 3.67 kPa, that is, with an increase 

and a subsequent decrease working wells rarefaction monotonously decreased. 

Further, with an increase in the number of active wells to 12, the underpressure 

sharply decreased. On the last observation, with 11 wells (as well as on the 3rd) the 

underpressure were almost equal. 
 

 
 

Figure 2 - The total number of operating degassing wells nw (1) and the average underpressure in 

them Рav (2) 
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This indicates that the number of simultaneously operating wells does not 

determine the average depression over the section at their collars. 

One of the main parameters of the functioning of the local drainage system is the 

flow rate of wells. 

To estimate the distribution of methane production from wells, the bottom of the 

longwall was assumed quasi-static, and the data for all observations were shifted 

along the abscissa axis in accordance with the face advance. Air drift was divided 

into 10-meter intervals and determined the average flow rates of wells (Fig. 3). 
 

 
 

Figure 3 - Dependence of the flow rate of QCH4 of local degassing wells (1) and the concentration of 

methane CCH4  in the captured mixture (2) from the distance to the face of the longwall l 
 

An analysis of the experimental data showed that the dependence QCH4=f(l) is 

close to the normal distribution, where the extreme minimum of the well rate is 

confined to a distance of 150–200 m from the face of the longwall. The wells located 

on this interval do not make a significant contribution to the total flow rate; they 

dilute the captured mixture with air from the mine atmosphere, reducing the 

underpreassure in the local gas pipeline. Five wells closest to the longwall, give 64 % 

of the total flow rate of methane, two wells, located at more than 260 meters from the 

longwall - another 28 %. The remaining 4-7 wells operating at the site absorb only 

8 % of the total volume of methane, including the most distant from longwall - up to 

4 % each. 

Therefore, from the point of view of the efficiency of capturing methane and 

extracting the conditioned mixture, operational control of the operation of wells 

should be applied at the site, for example, timely reducing the flow area of the 

borehole head with movable dampers-diaphragm or other methods. Under these 

conditions, it is necessary to operate the wells that are remote from the longwall to 

100 m, then partially differentiate their flow rate, and after the longwall recoil by 
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260 m and more, put them back into operation before the end of the excavation 

district. 

A similar pattern can also be traced in the change in the concentration of methane 

in the capturing mixture (Fig. 3). In the wells closest to and farthest from the 

longwall, the concentration of methane is 80-95 %, and the minimum concentration 

(less than 50 %) is confined to the interval of 90-150 m from the longwall. Analysis 

of the results of observations showed that according to the criterion of condition of 

the captured mixture, it is necessary to reduce the productivity of wells, using the 

operational management of its flow rate. 

Analysis of the topology of the degassing wells shows that when their borehole 

heads are located 90-150 m from the longwall, they are less effective in reducing gas 

emission, and the normal line, lowered from the working part of the wells to the 

formation plane, is 10-40 m from the longwall. In the same zone, as shown by the 

results of research, there is a maximum efficiency of the microbiological filter created 

in the mined-out space (methane concentration decreased by 3-4 times [3]), which 

makes it advisable to use methane captage and degassing the mined-out space using 

bacteria. In this case, the decrease in the efficiency of methane captage will be 

compensated by its oxidation by bacteria. 

Let us further consider the connection of the parameters of methane captage with 

rock displacement under the conditions of a continuous system of development and 

degassing of the top covers by wells drilled in the direction of the advance of the 

longwall. 

For dependences of the consumption of capturing methane and its concentration 

in the mixture with distance from the longwall, shown in Figure 3, similar patterns 

are observed. 

Consequently, the close to normal distribution of methane production from wells 

with the removal from the face of the longwall is associated with the displacement 

and gas emission of undermine rocks of the top covers of been declining seam [9], 

the formation of technogenic methane collectors. At the time of connection to the 

degassing pipeline, the bottom of the well is located outside the zone of displacement 

of rocks, the borehole head is cased at a length of 4 m and is protected by a gob pack 

15 m wide. The main part of the well crosses the zone of technogenic collectors filled 

with methane, which is under considerable pressure. Therefore, the wells closest to 

the longwall are the most productive and capture gas with a high concentration of 

methane, with a minimum within the site of underpressure on their borehole heads. 

With the rejection of longwall, the well is in the stretching zone of the lower parts 

of the seams of the undermining top covers, the gob pack is compacted and an 

aerodynamic connection between the well and the undermining longwall space 

appears. 

The presence of air leaks in the mined-out space, as well as the depletion of 

technogenic methane collectors occurring by that time, is accompanied by a decrease 

in the flow rate of the well and the occurrence of significant air inleakages, reducing 

the concentration of methane in the captured mixture. 
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https://www.multitran.ru/c/m.exe?t=2743_1_2&s1=%EA%EE%EB%EB%E5%EA%F2%EE%F0
https://www.multitran.ru/c/m.exe?t=2743_1_2&s1=%EA%EE%EB%EB%E5%EA%F2%EE%F0
https://www.multitran.ru/c/m.exe?t=2743_1_2&s1=%EA%EE%EB%EB%E5%EA%F2%EE%F0


ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Геотехнічна механіка. 2019. № 148 

 

154 

With further longwall recoil, the well moves to the zone of interstitial closing and 

intersecting formation fractures, the gas permeability of rocks in the normal 

formation direction decreases. This leads to a decrease in air inleakages and an 

increase in vacuum in the well. In conjunction with a decrease in the intensity of air 

leaks in the mined-out space, these processes are accompanied by an increase in the 

flow rate of methane and an improvement in the condition of the captured mixture. 

With the further movement of the half-trough of rock movement and the 

penetration of a well over the collapsed and compacted rocks of the immediate top 

covers, there is a slight residual flow rate of methane into the well from the mined-

out space and long-existing cavities of stratification of rocks above its fixed boundary 

[10]. 

Conclusions. The displacement parameters of the undermined rocks determine 

the parameters of methane capturing. With this system of development and the 

method of degassing, there are regular changes in the flow rate of methane and its 

concentration in the captured mixture with distance from the longwall. 

To optimize the parameters of the mixture being captured, it is necessary to 

quickly control the flow rate of wells and underpressure at their borehole heads, 

taking into account the displacement parameters in specific mining-geological and 

mining engineering conditions of the coal seam excavation. Methods of such control 

can be the installation of diaphragms at the borehole heads or downhole water 

ejectors. 

The installation of biofilters at the borehole heads will allow not only to control 

the concentration of methane in the atmosphere of mining, but also to reduce it by 3-4 

times using methanotrophic bacteria. 
_______________________________ 
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Анотація. Стаття присвячена аналізу результатів шахтних інструментальних вимірювань дільничної системи 

дегазації пласта m3 на горизонті 1100 м шахти ім. В.М. Бажанова ДП «Макіїввугілля». Це необхідно для 
встановлення її основних раціональних параметрів з подальшим застосуванням біотехнологічного способу 
зниження концентрації метану в атмосфері гірничих виробок. В результаті проведених за нормативною 
методикою шахтних інструментальних вимірювань (вакуумно-газових зйомок на гирлах висхідних свердловин) 
встановлені умови застосування каптажу метану дегазаційними свердловинами, параметри процесу дегазації 
(дебіт метану на гирлах висхідних дегазаційних свердловин і середнє розрідження на них, перепаду тиску на 
діафрагмах, концентрації метану в газоповітряній суміші, а також критерій ефективності), технологічні параметри 
(кут розвороту і нахилу свердловин, їх довжина і діаметр, обсадка гирла свердловин трубами діаметром 100 мм і 
більше, і установка кондукторів), ефективність дебіту свердловин в залежності від відстані до вибою лави і 
зрушення в над- і підроблюваних породах. Для оптимізації параметрів каптованої суміші необхідно оперативно 
управляти дебітом свердловин і розрідженням на їх гирлах з урахуванням параметрів зрушення в конкретних 
гірничо-геологічних і гірничотехнічних умовах виїмки вугільного пласта. Способами такого управління можуть 
бути установка діафрагм на гирлах свердловин або внутрішньосвердловинним водяних ежекторів. Розроблена 
дегазаційна система є динамічною, тобто в міру посування лави вводилися в експлуатацію нові висхідні 
свердловини і відключали свердловини, які втратили продуктивність. Використання біофільтрів дозволить 
управляти концентрацією метану, знижуючи її в 3-4 рази, в атмосфері гірничих виробок метанотрофними 
бактеріями, забезпечити безпечні умови праці гірників, а також набути досвіду отримання біомаси з метану. 

Ключові слова: шахтний метан, дегазація, свердловини, біомаса, бактерії. 
 
Аннотация. Статья посвящена анализу результатов шахтных инструментальных измерений участковой 

дегазационной системы пласта m3 на горизонте 1100 м шахты им. В.М. Бажанова ГП «Макеевуголь». Это 
необходимо для установления её основных рациональных параметров с последующим применением 
биотехнологического способа снижения концентрации метана в атмосфере горных выработок. В результате 
проведенных по нормативной методики шахтных инструментальных измерений (вакуумно-газовых съемок на 
устьях восстающих скважин) установлены условия применения каптажа метана дегазационными скважинами, 
параметры процесса дегазации (дебит метана на устьях восстающих дегазационных скважин и среднее 
разряжение на них, перепада давления на диафрагмах, концентрации метана в газовоздушной смеси, а также 
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критерий эффективности), технологические параметры (угол разворота и наклона скважин, их длина и диаметр, 
обсадка устья скважин трубами диаметром 100 мм и более, и установка кондукторов), эффективность дебита 
скважин в зависимости от расстояния до забоя лавы и сдвижение в над- и подрабатываемых породах. Для 
оптимизации параметров каптируемой смеси необходимо оперативно управлять дебитом скважин и 
разрежением на их устьях с учётом параметров сдвижения в конкретных горно-геологических и 
горнотехнических условиях выемки угольного пласта. Способами такого управления могут являться установка 
диафрагм на устьях скважин или внутрискважинных водяных эжекторов. Разработанная дегазационная система 
является динамической, то есть по мере подвигания лавы вводились в эксплуатацию новые восстающие 
скважины и отключали скважины, потерявшие продуктивность. Использование биофильтров позволит управлять 
концентрацией метана, снижая её в 3-4 раза, в атмосфере горных выработках метанотрофными бактериями, 
обеспечить безопасные условия труда горнорабочих, а также приобрести опыт получения биомассы из метана. 

Ключевые слова: шахтный метан, дегазация, скважины, биомасса, бактерии.  
 

Стаття надійшла до редакції  12.07. 2019. 
Рекомендовано до друку д-ром техн. наук С.А. Курносовим. 

 


