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Abstract

The migration of methane towards the surface, within mining areas of closed mines, can be a danger to public safety for many of year:
after the process of liquidation has been finished. The liberation of methane from undisturbed coal seams, and those destressed throu
earlier mining has not been fully recognised so far. Knowledge of the effect of the presence of water, along with hydrostatic pressure, or
the intensity of methane desorption from destressed seams is necessary in determining the approximate volume of methane inflowing
within a period of time, into a closed mine. Laboratory tests on these relationships have been carried out in accordance with propel
research methodology by the National Institute for the Environment and Industrial Hazards (INERIS), France with the Central Mining
Institute, Katowice, Poland. The results have facilitated determining the effect of hydrostatic pressure variation of water on the intensity of
methane desorption from flooded coal. These results has been practically applied in predicting the emission of methane into closed mine:
and in orienting the rules of methane hazard control, both during the process of mine closure, and on the surface of post-mining areas.
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1. INTRODUCTION spatial location of these unexploited coal seams in relation to

for many years following the closure of a mine. The emissiq
of methane accompanies the liquidation process of the undgr-
ground infrastructure (areas, levels and shafts), until the haz-
ard appears on the surface of the closed mine.

from non-extracted methane-bearing seams occurs, typicall
for a period of approx. 15 years.

mine flooding, the following phenomena occur:

The migration of methane towards the surface takes platgg water level in the flooded mine (Krause, Skiba 2010).
n The evaluation of the released methane volume in the condi-
ions of mine flooding is of importance when assessing me-
ane hazard in post-mining areas. In some countries it is im-
posed by operative legislation and is an integral part of the
Following the closure of a mine, the emission of rnethanmethodology enabling authorities to assess gas hazard in post-
’ rﬁining areas (Tauziede, Pokryszka, Barriere 2002; Pokryszka
¥ al 2005).
t the same time it should be noted that, in spite of carry-
out over more than ten years of investigations and moni-
. . . . . toring of gas emissions following the closure of mines in
a drop in the intensity of methane desorption resulti urope (Burrel, Friel 1996; Kral, Platenik, Novotny 1998:
from the effect_of ingreased hydro_static pressure and f” okryszka, Tadziede 2000;’ Robi,nson 200’0; Nowotny et fs:l|.
ing gas migration with water (residual voids, pores, fIS2001; Prokop 2001; Besnard, Pokryszka 2005; Krzystolik et
_sures) ) ) al. 2002), the question of methane released and migrating
increase of free gas pressure in the workings over & non.degassed and flooded coal seams is still poorly

water level, the so-called “piston effect”. addressed. The underground investigations conducted in
The increase of mine gas pressure creates conditions for iifdish mines, together with the results of laboratory tests

As a consequence of the water table rising as a resulthq

migration of methane through fissures towards the surface @#'tied out in France and Poland, have however, enabled us
post-mining areas. to work out specified conclusions concerning this matter.

The methane release on the surface is a very complex effect

that depends on many factors related, among other things,ztoEWSS'ON OF METHANE INTO NON-FLOODED
the structure and permeability of the overburden strata, the POST-MINING AREAS

methane desorption rate from the unexploited gassy coalinyvestigations conducted by the Central Mining Institute
seams, destressed as a consequence of earlier mining, angghghe emission of methane from a distressed strata into the

© Central Mining Institute 2013
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post-mining goaf of active or liquidated longwalls, have the range of 40% to 20% in relation to the absolute value
enabled us to work out a model which in turn facilitates iden- during the period of mining exploitation
tifying the prognostic determination of the volume of mee post-liquidation period, lasting for approx. 15 years, in
thane released into the goaf. which the release of methane into post-mining goafs suc-
The development of the model of methane release has cessively vanishes
been based on the results of investigations on methane emis- - .
sion into goafs, conducted from 1994-2000, and on the re-In the course of mining, the release O_f methane into the
sults of computations of methane emission into the workindé).ngwaII environment takes place, depending on:
The results were based on airflow along the workings in the € length and slope of the longwall that influences the
vicinity of stoppings isolating the goaf, and the increments of '@ng€ of the mining-induced stress relief zone in which
methane in the air in those workings. During the process of the degassing of the seams takes place _
mining, and after its completion, three periods occur that ate the degree of degassing of undermined and overmined
characterised by different courses of methane release: seams, which depends on the height of the extracted
« mining period in which, after the longwall advance has ongwall, the distance of those seams from the mined
been started, the absolute methanity rises to the value cor-S€&M. and on the method of mining (caving, filling).

responding with the gas conditions of the extracted seamThe range of the desorption zone for longwalls with dif-
and its surroundings ferent lengths is determined by mathematical relationships

* longwall liquidation period of 1 to 3 months, with the(Krause, tukowicz 2002; Krause 2008), which facilitate
methane emission flow rate decreasing to the value froganstructing the nomograms shown in Fig. 1.
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Fig. 1. Dependence of the degassing reach of undermined and overmined seams on the and slope of the longwall

When predicting methane emissions into plannedalue of the methane content,Mf the seams, is the differ-
longwalls, and then the post-mining emissions, one shouthice between the initial content, Bind the direct desorbable
take into account the range of stress relief, which, to a camethane content Mges (Myt = Mo — Mged. After the process
siderable extent, influences the volume of methane releasg#dmining has finished, the emission of methane from the
into the goaf, as a result of degassing the undermined as®hms corresponding to gas available quanhity, occurs
overmined seams. and lasts for approximately 15 years (Krause E. 2009).

Figure 2 presents approximate values of the degassing deBased on research carried out by the Central Mining Insti-
gree of undermined and overmined seams depending on theie, a model of methane emission into the longwall goaf has
distance from the seam extracted by the longwall carvirfgeen developed (Fig. 3). The longwall mining operations
method. The curves of the degassing degrees for under- ¢amts 1 year on average. The period of longwall closure lasts
overmined seams (blue colour) have been plotted in compddf 1-3 months, while the post-mining period of methane
son with the depth distribution of the initial methane contemmission into the goaf has a duration of approx. 15 years.
of seams. During longwall operation and the dismantling of mining

Methane released from undermined and overmined straquipment, degassing of undermined and overmined coal
migrates into the environment of the mined longwall, whictseams takes place, up to the available methane contgnt M
as a consequence, generates a decrease of the initial mettialimved by a long period of methane desorption from these
content in these seams to tMg, value. The post-mining seams, with lower emission kinetics.
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Fig. 2. Degree of degassing of undermined and overmined coal seams around an exploitation by longwall caving
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Fig. 3. Model of methane emission to the longwall goaf during and after mining operation

The release of methane during the post-mining period de-The course of curves 1, 2 and 3 (depicted in Fig. 3 with
pends on the contribution of methane originating from urdotted lines) reflects the approximate quantities of methane
dermined and overmined seams in the total emission of mamitted into the goaf from under- and overmined seams, after
thane during mining operations. activities have stopped. The position of curve 1, at the closest
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distance from the X axis, justifies a small contribution ofarried out joint laboratory tests aimed at determining the
methane inflowing to the goaf as a result of degassing urelationships in the “coal-gas-water” system in the context of
dermined and overmined seams. In the case of such a chafl@oding unexploited gassy coal seams in abandoned mines.
teristic of methane emission into the goaf of the operated The tests included the following main stages:
longwall, the contribution of methane liberated from the Determining the sorption capacity of coal in a dry-air
mined seam in the course of longwall advance prevailed over state through determining the isotherm of methane sorp-
methane liberated from undermined and overmined seams.  tion on a coal sample taken from an analysed coal seam.
In the case when in the range of mining-induced stress - L .
relief areas, there are no undermined and overmined seam_sl?emrm_'nlng the sorption isotherms enables evalgatmg,
the inflow of methane into post-mining zones can be appro Ath conS|derabI_e accuracy, the vo_Iume Of gas contained in
imately zero. The course of curves 2 and 3 points at a sde coal for a given level of sorption equilibrium pressure,
stantial contribution of methane emitted into a post-minin nd then to d(_et_ermlne the quantity of the desorbable gas V
goaf from undermined and overmined seams destressed in fEn the speufled mass of coal, at the drop of pressure up to
course of mining. Based on the results of underground fie atmospheric pressure level (Fig. 4).
tests on methane emissions into the goaf, considerable diver-
sification of methane release was found, confirmed also
a geological analysis of the mining surroundings.
On the basis of the model described above, it is possible
estimate the emission of methane into the longwall goaf aft

3

of a coal sample
cm

sorption capacity

initial 9as - bearing capacity

where:
VM 4 — average methane flow rate during mining oper:
tions, NTCH,/min

[al

0,1 Mpw £

mining operations, in the form: Vg e
V, = o,zvms,r(l-i], mPCH,/min 1) 5%
15 £5> 8

drop of pressure Pg=>0,1 MPa

absolute pressure

u — the number of years since longwall exploitation wa T p
stopped atmospheric pressure E
In the view of statistical data gathered from Polish coal Fig. 4. Isotherm of gas sorption on a coal sample

mines, the emission of methane from the longwall goaf, after
mining is stopped, equals approx. 20% of the average nre- Saturating the coal sample with methane at a specified
thane flow rate during the mining period. sorption equilibrium pressure.

A total emission of methane in a closed coal mine can by

approximately estimated as a sum of methane emission flg Coal samples in dry-air state, with grain size of 0.5-1 mm
PP y I . _wvére saturated with methane in the conditions of various
rates from longwalls operated within the previous 15 years:

levels of gas pressure, that is between pressure related to

Vi = Zn:\/ MPCH,/min ) strongly degassed seams (relative pressure < 0.1 MPa) and
— 3 pressure close to the leveliofsitu pressure in non-degassed
where: seams (relative pressure > 1 MPa).

The experiment was performed in autoclaves, in the condi-

V,, —methane emission flow rate into the goaf of te- tions of controlled temperature and pressure (Fig. 5).

Zi
the mined out longwall, BCH,/min
n — the number of longwalls exploited in the period of the pressure measuring compressed air
previous 15 years before the closure of the mimel to n. N

methane measurin{‘ /

temperature measuring

It should be noted that methane emission into principal
underground infrastructure of the mine (access and develop-
ment workings) does not exceed 6% of the total volume of
methane released into the mine. air cushion >

3. EMISSION OF METHANE FROM FLOODED
UNEXPLOITED COAL SEAMS 1 .

water —

wwooT~

Field experience from the flooding operations of aban-
doned gassy mines have shown that the presence of water and
hydrostatic pressure limits related to it result in the desorp-
tion and migration of methane from the unexploited seams =
destressed by mining. However, in scientific literature, there < o >
is no information, being of importance from the point of view
of mining practices, concerning the detailed description of the
mechanisms involved. .

In connection with the above, from 2004—-2005, the IN-
ERIS Institute (France) and Central Mining Institute (Poland)

Fig. 5. Autoclave used in the tests

Flooding the coal samples with water and applying a given
level of hydrostatic pressure.
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The samples of coal saturated with methane were rapidlias observed after 14 to 30 days. The tests were conducted
flooded with water in such a way that coal should be entirebn several coal samples originating from the Upper Silesia
covered with a layer of water 1 cm-deep. Next, a given lev@Poland) and Lorraine (France) Coal Basins, for various
of pressure was set in the upper part of the autoclave, throwgimbinations of sorption pressure Ps and hydrostatic pressure
pumping up compressed air over the water level. This préd2h, which provided more precise, quantitative determination
sure was transferred to coal in the form of hydrostatic presfthe effects of water and hydrostatic pressure on the intensi-
sure (Fig. 5). In the course of a given series of experimentg,of methane emission from coal. For comparison, tests of
hydrostatic pressure was set at lower, equal and higher levetgthane emission from dry samples were also made.
in order to produce various combinations in relation to me- As an example, Fig. 6 presents the intensity of methane
thane sorption pressure in coal. emission observed for various coal samples collected in the

Methane emission was observed by measuring methafbert seam in the Lorraine Basin, depending on the relative
concentration in the air cushion with a specified volume ovewerpressure of the adsorbed gas in relation to the hydrostatic
the level of water covering the coal sample. For most tesfgessure.
the stabilisation of methane concentration in the air cushion

100

90
c
o
@80
€ Degassing of sample et. 30 days
o= [ Gran size of coal 0.5-1 mm
S S Hydrostatic pressure (0,4 to 2 MPa
£ £
T 5 [60
3
5> ls
= |l
°3
(&)
£ [0 —
“q__) i oam - =
3 o

-30 ra

20 7

!/
10-—4
o ——— == e _ ¥
L L L L L L L | L L L L L L L L L) L |
-1 -05 0 05 1

relative overpressure of methane
R= (Pg—Ph/Ph)

Fig. 6. An example of the hydrostatic pressure effect on emission of the methane from a sample of flooded coal. Coal taken from the Albert seam, Lorraine Basin

e Observing methane emission from flooded coal.

Coefficient W of methane emission from coal is given by: The results of the tests presented above, and of tests on

other Polish and French coal shows that the hydrostatic pres-

W = Viu/Vyges sure of water considerably reduces the emission of methane
where: from coal. This effect increases with increasing water pres-
V,, — the volume of methane emitted from coal of a spec$ure in relation to the initial sorption equilibrium pressure of
fied sample methane in coal.

Vges — the volume of methane desorbable at the pressureThe value of the gas emission coefficient becomes a min-
drop from a specified initial pressure to atmospheric pressurum in the case of equilibrium between hydrostatic and gas
shown in Fig. 4. pressures. Then, it remains approximately constant, in spite
of the increasing predominance of hydrostatic pressure in

The relative overpressure of methane R is given by the Y¥&lation to gas pressure. In this range of hydrostatic pressure,

lationship: R=(P P the volume of gas released in the experiments conducted
here: = (Pg— /Py remained less than 10% of the theoretical desorbable volume.
where: The kinetics of gas desorption from coal and the quantity

Py — the initial absolute pressure of methane in coal corrge
sponding with sorption equilibrium pressure

P, — the absolute hydrostatic pressure of water coveri
the methane-containing coal sample

the desorbed methane are also limited by the presence of
water, without the important effect of hydrostatic pressure.
'ﬁg. 7 presents the results of tests on methane emissions con-
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ducted on a sample of dry coal collected from seam No. 361 Coal-bed Methane Technologies of Recovery and Utilisation
of the Pniéwek mine, and on samples flooded with water at Katowice, Gtowny Instytut Gornictwa.
various levels of hydrostatic pressure (0; 0.2; 0.4 and (% Krause E., tukowicz K. (2000): Dynamiczna prognoza meta-

MPa), at identical initial pressure of gas sorption equilibrium
(0.4 MPa).

nowaici bezwzgbdnej scian (poradnik techniczny). Dynamic

prediction of absolute methane emissions on longwalls (tech-

nical guide). Gtowny Instytut Goérnictwa, Seria Instrukcje nr 14.

5. Krause E. (2008): Prognozowanie wydzielania metanu do rejo-
noéw poeksploatacyjnych kopalczynnych i likwidowanych

P —— przez zatopienie (Forecasting of methane emissions to the gob

® e areas of operating coal mines and those already liquidated by

® A flooding). Il Miedzynarodowa Konferencja Naukowo-Techni-

0 —X—dry coal czna nt. ,Ochrongrodowiska w gérnictwie podziemnym, od-

o e P krywkowym i otworowym”, Klodzko — Zioty Stok. Zeszyty Na-

® - ~-B - hydrostatic pressure 0.2 MPa ukowe PolitechnikBlaskiej. Gornictwo z. 283, pp. 129-138.

o —#— hydrostatic pressure 0.4 MPa Krause E. (2009): Ocena i zwalczanie zagrda metanowego

® ~ 97 hydrostatic pressure 0.5 MPa w kopalniach wgla kamiennego (Method of methane hazard as-

® sessment of planned and extracted longwalls in hard coal
mines). Prace Naukowe Gtéwnego Instytutu Gérnictwa nr 878.

7. Krause E., Skiba J. (2010): Kierunki poprawy efektyyano

odmetanowania w polskich kopalniachegha kamiennego

(Trends of improvement the effectiveness of methane drainage

Initial pressure of gas sorption equilibrium 0.4 MPa

X

w
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Fig. 7. Comparison of methane emission from the sample of dry coal and coal
samples flooded with water at various hydrostatic pressures. Coal taken from

No. 361 seam of Pniéwek mine 8

The results of tests have shown that the intensity of me-

thane emission from coal flooded with water, without the
effect of hydrostatic pressure, was, in similar conditions,
approximately 9 times lower than that from dry coal, and

in polish hard coal mines). International Conference ,Advanced
mining to sustainable development”. Vietham, Ha Long Bay.
Krzystolik P., Kobiela Z., Krause E., Plonka A. (2002): Post-
outburst spaces in the Walbrzych Coal District: physico-
chemical model [in] M.J. Kotarba (ed.) Gas hazard in the near —
surface zone of the Walbrzych Coal District caused by coal
mine closure: geological and geochemical controls, Chapter 6
(this volume). Krakéw, Society of Research on Environmental

substantially decreased, in accordance with the results from Changes GEOSPHERE.

Fig. 6, on applying hydrostatic pressure of a considerable
value.

4

1.
methane concentration and pressure takes place in the
isolated post-mining voids, and creates a possibility of
further gas migration into the surface trough overburden
strata or directly connected workings.

2.
the desorption and migration of methane
mining areas.

3. The presented results of investigations performed with t

. CONCLUSIONS

Novotny R., Platenik M., Takla G., Kral V. (2001): Reduction of
uncontrollable mine gas emission in the Czech part of Upper Si-
lesian hard coal basin devastated by past mining activity. Proc.
of the 7 international mine ventilation congress — Research &
Development. Katowice, EMAG.

During and after closure of a coal mine, the rise d{0-Pokryszka Z., Tauziede C. (2000): Evaluation of gas emission
from closed mines surface to atmosphere. Proc. of'tiatér-
national conference on environmental issues and management of
waste in energy and mineral production. Calgary (Canada),
Balkema.

- - ) 11.Pokryszka Z., Tauziede C., Lag®, Guise Y. (2005): Gas

In the conditions of flooding closed methane mines, the wmigration from Closed Coal Mines to the Surface. Risk assess-
presence of water and related hydrostatic pressure limits ment Methodology and Prevention Means, Symposium Post-
from Mining 2005, November 16-17, Nancy, France.

unexploited gassy coal seams, and thereby contributeslf Prokop P. (2001): Gas leak effects on environment of Ostrava

the reduction of methane migration to the surface of post_ basin. Proc. of the‘h7internati0nal mine ventilation. KatOWice,
EMAG.

r‘l,lg Robinson R. (2000): Mine gas hazards in the surface environ-
. . . . . ment. Transactions of the institution of mining and metallurgy,
aim to determlne_ th? relationships present in the coal-gas- sq g, A, Mining technology Vol. 109, September — December
water systems, in view of closed coal mines can be used 2000, pp. 228-238.

to predict the emission of methane into flooded coals. Tauziede C., Pokryszka Z., Barriere J.P. (2002): Risk assess-
mines, and in elaborating the rules of methane hazard ment of gas emission at the surface of French abandoned coal
control, in the course of mine closure and on the surface mines and prevention techniques publication: Transactions of
of post-mining areas. the Institution of Mining and Metallurgy — Section A. Mining
Technology Vol. 111 Dec. 2002.

Acknowledgements
This research received no specific funds.

References

1.

Burrel R., Friel S. (1996): The effect of mine closure on surface
gas emission. Proc. of the conference on the environmental
management of mine operations. London, IBC.

Besnard K., Pokryszka Z. (2005): Gases emission monitoring in
a post-mining context. International Conference Post-Mining
2005, Nancy (France).

Kral V., Platenik M., Novotny R. (1998): Methane from closed-
down mines in the soil. Proc. of the International Conference on



	INVESTIGATIONS ON METHANE EMISSION FROM FLOODED WORKINGS OF CLOSED COAL MINES
	1. INTRODUCTION
	2. EMISSION OF METHANE INTO NON-FLOODED POST-MINING AREAS
	3. EMISSION OF METHANE FROM FLOODED UNEXPLOITED COAL SEAMS
	4. CONCLUSIONS
	References




