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Abstract
The paper analyses possibilities to carry out methane drainage of a longwall in seam 510. A possibility to fight against the methane 
hazard was determined based on results of forecasting for methane emission to mine workings. A system of methane drainage was 
suggested for the adopted method of longwall face ventilation. The location of drainage roadway was determined for the selected 
methane drainage system. The paper includes a geomechanical analysis for a numerical model, which was aimed at determination of 
the optimum location of the drainage roadway in a seam overlying the longwall panel.
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1. Introduction
The performance of underground mining is always related 

to disturbance to the hitherto equilibrium condition, existing 
in the rock mass surrounding the deposit. The condition is the 
outcome of many factors such as stratified structure, depth of 
mining, tectonic stresses, or previously carried out mining. 
In addition, natural hazards impose on the mining, and the 
methane hazard has a special impact because nearly 80% of 
mining is carried out under these hazard conditions [1]. 

In a coal seam methane exists in the form of molecules ab-
sorbed on coal grains and in a free form, filling the pores. The 
flow of methane through strata and seams is a very complex 
process. It results both from the physicochemical interaction 
of the framework with the flowing gas and also from a frac-
ture-pore structure of rock mass [2, 3]. 

A number of solutions are applied, such as intensive venti-
lation or me-thane drainage, aimed at reduction of the hazard 
to achieve the planned output under methane hazard condi-
tions. One of the methods used in conditions of a high meth-
ane hazard consists of the application of methane drainage 
system with an overlying drainage roadway. The determina-
tion of roadway location to achieve effective methane capture 
is a major challenge. Therefore to determine the optimum 
drainage roadway location in the desorption zone, a geome-
chanical analysis was performed based on the developed nu-
merical model of a deposit part [4]. 

2. Description of mining conditions and of methane hazard
Within the planned longwall seam 510 features a high 

variability of deposition and a significant diversification of 
thickness. On the eastern side the longwall neighbours the 
zone of seam thinning (2.0 m) and narrowing (0.0-1.0m). The 
seam thickness increases westwards. As it results from the 
geological cross-section seam 510 is approx. 2.8 m thick along 
the air roadway parallel to the line of longwall length. At the 
panel length of 320 m the seam thickness is approx. 3.5 m. 

This is an average thickness, which the seam should feature 
within the planned longwall. However, the thickness can be 
smaller and greater up to 4.0 m. The longwall panel will be 
mined along the strike with roof caving. The seam inclination 
angle is 8º. 

Based on the survey of methane content in coal in the 
planned mining panel, the methane content was found to 
be from 5 to 10,5 m3/Mg csw. The highest methane content 
should be expected in the initial longwall run, but with the 
longwall panel length, the methane content will be decreasing 
till the finish. 

Results of the forecast calculated depending on the daily 
output and on the longwall panel length were used to analyse 
the methane emission to mine workings in the longwall face. 
The calculations were performed by means of a dynamic meth-
od for longwall absolute methane content forecast-ing devel-
oped at the Central Mining Institute (GIG). The data related 
to geological conditions were adopted based on the geological 
documentation of the hard coal deposit, and in particular on 
geological rock profiles. The highest methane emission occurs 
in the initial longwall run, which at the output of 3000 Mg/d 
reaches 44 m3/min, while for the output of 4500 Mg/d the 
amount of 54 m3/min should be expected. The sources of meth-
ane emission to the longwall working will comprise: 

– roof layers 45%,
– mined seam 40%, 
– floor layers 15%.

Because of high methane hazard in mine workings, such 
amounts of air should be ensured, which would secure main-
taining the methane concentrations in the air on a permissible 
level. The comparison of forecast and criteria methane con-
tent shows that it is not possible to carry out mining without 
the methane drainage application. 

Under conditions of the analysed longwall face, it is not 
possible to apply the U ventilation system from boundaries 
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together with methane drainage due to the forecast methane 
emission, which results from relatively low methane drainage 
effectiveness of such solution. Also, methane drainage sys-
tems from a parallel air roadway, or from the roadway fenced 
with so-called fringe drift, do not ensure the required effec-
tiveness for the planned output. Calculations show that for 
the planned longwall, only the application of methane drain-
age system from an overlying roadway will ensure methane 
capture at the amount demanded to achieve the planned out-
put. Fig. 1 presents the ventilation system with the overlying 
methane drainage system. 

An overlying roadway is driven at some distance above 
the mined longwall face, from which drainage boreholes are 
drilled towards goaves of the mined longwall. Fig. 1 presents 
an example of drainage boreholes situation, drilled from an 
overlying drainage roadway. 

 
3. Determination of desorption zone and selection of meth-
ane drainage system 

Basic conditions deciding about effective methane drain-
age include:

•	 the necessity to situate drainage boreholes in the de-
compression zone, i.e. in methane emission places,

•	 maintaining the drainage boreholes connected to the 
decompression source behind the longwall front:

•	 the lowest methane inflow to boreholes occurs at a 
distance of approx. 10 m ahead of the longwall front,

•	 the highest methane inflow occurs approx. 30 m be-
hind the longwall front,

•	 the methane inflow stops approx. 250 m behind the 
longwall front. 

In the case of methane drainage from adjacent seams, it 
is necessary to determine the desorption zone caused by the 
longwall mining. Drainage boreholes should be situated in 
such a way as to be in the decompressed zone, but not cut the 
direct caving zone. 

Under Polish geological conditions, good results are 
provided by determination of the desorption zone, in which 
drainage boreholes are situated. Fig. 2 presents the desorption 
zone in the direction of the roof and floor layers. For the ana-

lysed longwall the range of desorption zone in roof layers was 
157.5 m, while the range of desorption zone in-floor layers 
was 52.7 m.

Boreholes are usually drilled parallel to the longwall face, 
and then the borehole inclination angle corresponds roughly 
to the angle of desorption range. An appropriate correction 
should be considered in the case of drilling boreholes sloping 
against the longwall face. The borehole length results from 
geological conditions, and primarily from the location of coal 
seams which are the methane carriers. If technically feasible, 
it is necessary to strive that boreholes cut all seams situated in 
the decompressed zone (desorption zone). 

A methane drainage system with a drainage roadway in an 
overlying seam was proposed for the analysed case. The prin-
ciple of the system consists in driving above the mined seam, 
in an accompanying non-commercial seam (not intended 
for mining), of a special roadway, referred to as the drainage 
(methane) roadway. This roadway should be situated in the 
zone of rock mass covered by the desorption range. 

The distance between the mined seam and the drain-
age roadway should not be smaller than 5-times the mining 
thickness, and at the same time not smaller than 12 m. The 
horizontal shift of the drainage roadway from the desorption 
zone edge on the longwall air roadway side (value selected 
empirically) should be:

s=0.15/0.5∙L=0.3∙L 			   (1)

where: L – longwall face length, m. 
From the drainage roadway, towards the hanging and 

lying wall, bundles of drainage boreholes can be drilled at 
distances of about 50 m, featuring typical diameters and the 
following directions:

* hanging wall boreholes:
•	 length – 30–40 m
•	 deflection – 30–45°
•	 inclination – 20–30°
* lying wall boreholes:
•	 length – 40–60 m
•	 deflection – 20–45°
•	 inclination – 30–60°

Fig. 1. Diagram of ventilation and methane drainage with a drainage roadway
Rys. 1. Schemat wentylacji i odmetanowania z chodnikiem odwadniającym
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These boreholes are drilled to accompanying seams, im-
proving the rock mass drainage, but it is not advisable to make 
them in that seam, in which the drainage roadway is situated. 
These boreholes are made without the application of casing.

After the performance of the full scope of drilling works, 
the roadway support may be withdrawn. The roadway entry is 
insulated with a tight insulation plug, through which meth-
ane pipelines and control (measuring) pipelines are conduct-
ed. Methane is captured almost only from behind the insula-
tion plug, excluding the initial period of longwall run, during 
which, due to missing connections in the caving, methane 
cannot be captured by means of overlying drainage. In that 
period methane drainage can be carried out by drainage bore-
holes, made from the top road. After the period in which the 
longwall will underwork the drainage roadway at a distance 

of approx. 50 m, the borehole methane drainage usually be-
comes unnecessary. There is no need to make boreholes along 
the entire drainage roadway length.

Based on the hitherto experience it is possible to state that 
the overlying drainage method is especially useful in such cas-
es, where the majority of methane emission originates from 
the mined seam and from underworked seams (situated in 
the roof), as it is the case of seam 510. The number and total 
thickness of underworked seams, affected by methane drain-
age, is extremely important - the higher that thickness, the 
better is the obtained result of methane drainage.

A proper situation of methane roadway in the longwall 
methane drainage space is significant at the application of 
overlying drainage. This roadway should be situated in the 
methane drainage space in the high caving zone, where high 

Fig. 2. Drainage boreholes location in the desorption zone for the longwall from the top road

Fig. 3. Drainage roadway location behind the longwall panel 

Fig. 4. Drainage roadway location in the cross-section

             Rys. 2. Położenie otworów odwadniających w strefie desorpcji dla ściany od strony wyżej leżącego chodnika. 

Rys. 3. Położenie  chodnika odwadniającego  za płytą ścianową

Rys. 4. Położenie chodnika odwadniajcego w przekroju poprzecznym
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methane concentrations exist, and at the same time, the rock 
permeability is high enough to ensure a free flow of gas.

4. Determination of drainage roadway location 
The drainage roadway should be driven above the long-

wall mining panel. Drainage boreholes should be drilled from 
the drainage roadway to increase the effectiveness of meth-
ane drainage. It was anticipated that the roadway would be 
situated in the high caving zone and above the direct caving 
zone. The roadway was to be driven in the overlying seam 416, 
which is 1.2–1.6 m thick. This seam exists at a distance of over 
20 m above the mined seam [3, 5]. 

Calculations based on Formula (1) show that the hor-
izontal distance of the drainage roadway from the longwall 
air roadway should be 55 m. The drainage roadway in seam 
416 would be connected with the air roadway by a drift made 
beyond the range of mining influence of the mined longwall. 
The drainage roadway should be driven to a distance of 15 m 
(in vertical projection) from the raised face (being the long-
wall face). The drainage roadway will be in total 600 m long.

The drainage roadway location above the longwall mining 
panel is presented in a part of the seam map in Fig. 3. Instead, 
Fig. 4 presents the drainage roadway location in the cross-sec-
tion, together with the distance from the air roadway. 

5. Assumptions for numerical analysis of drainage roadway 
location 

A numerical analysis was performed to determine a con-
venient location of the drainage roadway behind the longwall 
panel. A numerical model in the form of a flat target of di-
mensions 1600x850 m was developed for this purpose, based 
on geological cross-sections and on borehole logs. This model 
was digitised with elements of dimensions from approx. 2x2 

m in the central part of the model, to approx. 10x2 m at the 
edges. A longwall, 185 m long and 3.5 m thick, was situated 
in the model. Above the longwall, in seam 416, a roadway was 
situated with dimensions corresponding to the ŁP9/V32/4/A 
support. Fig. 5 presents the model geometry [6]. 

Calculations were performed for three variants of the 
roadway situation:

•	 Variant W1 - the roadway axis was shifted by 22.5 m 
against the longwall air roadway,

•	 Variant W2 - the roadway axis was shifted by 37.5 m 
against the longwall air roadway,

•	 Variant W3 - the roadway axis was shifted by 55.5 m 
against the longwall air roadway,

Because of results extensiveness, only results for variant 
W2 are presented further on. 

Parameters of geological beds in the longwall roof were 
adopted based on results of examinations for cores of bore-
holes drilled in the air roadway. Because of the occurrence of 
thin beds, some generalisation was adopted in calculations. 
Table 1 presents strength parameters of consecutive beds 
- counting from the bottom, adopted in calculations. These 
parameters were obtained in the RocLab software, taking the 
data from strength tests and assuming an average depth of 
layers equal to 600 m. The strata of sandstone are an excep-
tion, for which due to the rocks nature and hitherto experi-
ence, higher cohesion values were adopted. For the floor and 
roof strata, parameters were adopted as for the Sandstone_1 
stratum. The average weight of beds of 2500 kg/m3, Young’s 
modulus of 12 GPa, and the Poisson ratio of 0.3 were taken in 
calculations [7, 8].

Calculations were performed in the FLAC3D software 
using the Coulomb-Mohr constitutive model. Shift boundary 

Fig. 5. Model geometry adopted in the analysis 

Tab. 1. Specification of strength parameters adopted in calculations

Rys. 5. Geometria modelu przyjęta do analizy

Tab. 1. Parametry wytrzymałości przyjęte w obliczeniach
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conditions were assumed, in the form of a blocked shift in di-
rections perpendicular to side and bottom edges. Hydrostatic 
stress state (σxx = σyy = σzz) was assumed [9, 10]. 

 
6. Results of Numerical Analysis 

Figures 6 to 8 present results for variant W2, i.e. for the 
situation, where the roadway axis is situated at a distance of 
37.5 m from the air roadway axis of the analysed longwall. 
Fig. 6 presents the map of strength-stress ratio in the sur-
roundings of the analysed longwall. It shows that the analysed 
roadway is situated in the zone of significant strength-stress 
ratios, which comprises the seam roof and reaches approx. 
100 to 200 m above the seam. Then Fig. 7 presents the map of 
vertical stresses (σzz), while Fig. 8 the same map rescaled for 
values from a range of 1 MPa to -1 MPa. These maps show that 
the situation of roadway axis at a distance of around 37.5 m 
from the longwall edge will cause that it will be situated at the 

edge of vertical tensile stresses, that is in the place, where the 
highest rock damage zones are expected. However, it should 
be emphasised, that in this W2 variant the area of vertical 
tensile stresses close to the roadway is much larger, which 
causes greater fracturing of the rock medium in the road-
way surroundings and better infiltration of gases towards the 
roadway. Fig. 9 presents the map of Von Mises stresses, which 
shows that the highest values exist in walls and just above the 
walls of the longwall.

7. Conclusion
The design of the analysed longwall predicts the mining 

along the strike with roof caving, at the assumed output of 
around 3900 Mg/d. Preliminary studies have shown that a 
high methane hazard should be expected. In the planned area 
of mining, the methane content in the coal seam was found to 
be from 6 to 10.5 m3/Mgcsw. The forecast methane emission 

Fig. 6. Map of strength-stress ratio in the surroundings of longwall 01, seam 510 - variant W2

Fig. 7. Map of vertical stresses in the surroundings of longwall 01, seam 510 - variant W2

Fig. 8. Map of vertical stresses in the surroundings of longwall 01, seam 510, rescaled for values from a range of 1 MPa to -1 MPa - variant W2

Fig. 9. Map of Von Mises stresses in the surroundings of longwall 01, seam 510 - variant W2

Rys. 6. Mapa relacji wytrzymałości do naprężeń w otoczeniu ściany 01, pokład 510 - wariant W2

Rys. 7. Mapa naprężeń pionowych w otoczeniu ściany 01, pokład 510 - wariant W2

Rys. 8. Mapa naprężeń pionowych w otoczeniu ściany 01, pokład 510 przeskalowana dla wartości w granicach od 1 MPa do -1 MPa - wariant W2

Rys. 9. Mapa naprężeń Von Misesa w otoczeniu ściany 01, pokład 510 - wariant W2
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to the longwall face reaches 50 m3/min. The sources of meth-
ane emission to the longwall face will comprise:

– roof layers 45%,
– mined seam 40%, 
– floor layers 15%.

The comparison of forecast absolute methane content and 
criteria methane content shows that effective methane drain-
age can be ensured by the application of a drainage roadway 
in an overlying bed [11]. The overlying drainage method is 
especially useful in such cases, where the majority of meth-
ane emission originates from the mined seam and from un-
derworked seams (situated in the roof). The number and 
total thickness of underworked seams, affected by methane 
drainage, is extremely important - the higher that thickness, 
the better is the obtained result of methane drainage, which 
applies to seam 510. Based on the calculations, for the de-
termined desorption zone, the distance between the axis of 
drainage roadway in an overlying bed and the axis of longwall 
air roadway was determined. In the horizontal projection, this 
distance should be 55.5 m.

A geomechanical analysis was performed around the an-
alysed longwall to check, whether the drainage roadway is 
situated in the area of greatest decompression so that it could 
fulfil the function of methane capture in the determined de-
sorption zone as effectively as possible. Three locations of the 

air roadway axis were considered, at a distance of 22.5M (vari-
ant W1), 37.5m (variant W2), and 55.5m 

(variant W3). The performed numerical analysis shows 
that the adopted location of the drainage roadway in vari-
ant W2 is most favourable from the geomechanics point of 
view. This results from the zone of larger tensile stresses on 
the right-hand side of the roadway, which will cause easier in-
filtration of gases towards the roadway. Such location should 
ensure convenient conditions for the methane flow to the 
drainage roadway, and at the same time, it would restrict un-
favourable conditions existing around the roadway and relat-
ed convergence. Zones of maximum Von Mises stress, where-
from the geomechanical point of view the roadway location 
would be least favourable, are situated at a distance of around 
40 m from the roadway axis. 

It should also be added that the existence of strong sand-
stone layers, situated beneath the planned roadway, compli-
cates the stress state in its surroundings. In the case of regular 
breaking of sandstone plates, favourable conditions should 
exist in the roadway surroundings, both in terms of methane 
and geomechanics, hence its functionality should be achieved. 

Variant W3 (a distance of 55.5 m from the air roadway 
axis) is not recommended due to the occurrence of significant 
tensile stress zones on both sides of the roadway and likely 
related problems with maintaining its stability.
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Wyznaczenia położenia chodnika drenażowego dla górnego systemu odprowadzania metanu
W artykule przedstawiono analizę możliwości prowadzenia odmetanowania ściany w pokładzie 510. Na podstawie wyników prog-
nozy wydzielania metanu do wyrobisk górniczych określono możliwości zwalczania zagrożenia metanowego. Zaproponowano system 
odmetanowania z chodnikiem drenażowym ponad eksploatowanym pokładem dla przyjętego sposobu przewietrzania wyrobiska 
ścianowego. Dla wybranego systemu odmetanowania wyznaczono lokalizację chodnika drenażowego. W artykule zamieszczono anal-
izę geomechaniczną dla modelu numerycznego, której celem było określenie optymalnej lokalizacji chodnika drenażowego pokładzie 
wyżej leżącym nad polem eksploatacyjnym. 

Słowa kluczowe: zagrożenie metanowe, odmetanowanie, górne odwodnienie, chodnik drenażowy, analiza geomechaniczna, model num-
eryczy


