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Study of the gas composition ahead of the working face in a
lignite seam from the Velenje basin
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Abstract: The lignite seam in the Velenje basin has been exploited since 1875. During exca-
vation of lignite in the Velenje coalmine, seam problems with gas outbursts occur. How-
ever, geochemical studies of the coalbed gases in the Velenje basin have been initiated
only recently.

Mass spectrometric methods were used to determine the gas composition. Coalbed gases
in the Velenje basin are highly variable in both their concentrations and stable isotope
composition. Major gas components are CO, and methane. Their concentrations and
isotopic studies revealed several genetic types of coalbed gases, including thermogenic
methane, endogenic and thermogenic CO,, CO, originating from carbonates, microbial
methane and CO,.

Most of the gases in the Velenje basin are the result of mixing of gases of different
origin, caused by physicochemical processes.

Izvleéek: Lignitno plast v Velenjskem bazenu raziskujejo ze od leta 1875. Z zacetkom
izkopavanja lignita so se pojavili problemi s plinskimi izbruhi. Geokemicne raziskave
premogovega plina so pomembne za razumevanje mehanizma nastanka, prepreevanje
in napovedovanje plinskih izbruhov. Te analize smo zaceli izvajati v Velenjskem bazenu
leta 1999.

Sestavo premogovnih plinov smo dolo¢ili z metodami masne spektrometrije. Premogovni
plini v Velenjskem bazenu se spreminjajo tako po koncentracijah kot tudi po izotopski
sestavi. Glavni plinski komponenti sta: CO, in metan. Raziskave koncentracij in stabilnih
izotopov oglljika premogovnih plinov kazejo razliéne vire: termogeni metan, endogeni
in termogeni CO,, CO,, ki izhaja iz karbonatov, mikrobni metan in CO,.

Vecina plinov, ki se zadrzujejo v lignitu so posledica meSanja plinov razli¢nih virov.
Fizikalno — kemijski procesi (migracija, difuzija, adsorbcija, desorbcija) lahko mo¢no
zabri$ejo izvor premogovnih plinov in otezijo njihovo interpretacijo.
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INTRODUCTION

The most trivial definition of coalbed gas is
“gas from coal”. Coalbed gas usually con-
sist of hydrocarbons (mainly methane), CO,
in concentrations from 0 to greater than 99
%, and occasionally small percentages of
nitrogen (CrayTon, 1998). Geochemical in-
vestigations are designed to help predict,
prevent, and manage coal mine gas outbursts
and to study their origin and mechanisms
(FLORES, 1998).

Numerous models were developed to de-
scribe sources of hydrocarbon gases (SHOELL,
1983, KoTarBA, 1990, ScoTT, 1993, KOTARBA,
2001). Stable carbon isotope analyses of
methane and CO, can be applied to identify
the origin of coalbed gases, their migration
pathways, and accumulation processes.
Three main source categories for gas can be
defined: abiogenic, biogenic and ther-
mogenic (KoTarsa, 1991). In general, ther-
mogenic gases are associated with high rank
coal, whereas biogenic gases are thought to
be produced in early stages of the coalifica-

tion process. Large volumes of coalbed gases
are generated during the coalification pro-
cess, but gases produced by other processes
may also occur in coal basins, i.e., endogenic
CO,, microbial methane, and abiogenic
methane (RICE ET AL., 1989).

The aim of this study was to explain con-
centrations of coalbed gases at delivery and
exit roadways ahead of the working face, and
to extend possible interpretations of CO, and
methane accumulating in the lignite seam in
the Velenje basin.

METHODOLOGY
Sampling procedure

Sampling of coalbed gas was performed dur-
ing 2000 — 2002 in the lignite seam of the
Velenje basin with purpose of determining
the concentrations and isotopic composition
of carbon (8"°C) of methane and CO, from
pillar coal. Coalbed gas samples from pillar
coal at delivery and exit roadways ahead of

500 m

Figure 1. Map of gas sampling locations from the lignite strata of the Velenje basin
Slika 1. Karta vzor¢nih mest odvzetega plina z lignitne plasti iz Velenjskega bazena
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the working face were taken from the min-
ing areas Skale, Pesje and Preloge. A map of
the sampling locations is shown on Figure
1. Depths of sampling locations are given
on map of sampling locations. At each sam-
pling location a 3 m deep borehole was
drilled.

“Free” gas for geochemical analyses was
collected from boreholes in evacuated am-
poules using a metal capillary tube and plas-
tic syringe. Free” gas includes both the
volatiles filling the pores and cracks within
the coal structure and some gas degassed
from the coal during drilling and sampling
(KotarBa, 1990).

Analytical procedure

Determinations of the concentrations of
methane, CO,, nitrogen, oxygen and argon

were performed using a homemade NIER
mass spectrometer. The method of singular
decomposition of the matrix was used to
obtain simultaneous analysis of the gas com-
ponent signals; the composition was calcu-
lated with the program MATH CAD). The
precision of the method was + 3 %.

The isotopic composition of methane and
CO, was determined using an Europa 20-20
continuous flow isotope ratio mass spectrom-
eter with an ANCA — TG preparation mod-
ule. First water was removed and then CO,
was directly analyzed for '*C content. For
methane measurements first CO, was re-
moved and then methane was combusted
over hot 10 % platinum covered CuO at
1000 °C. The methane completely converted
to CO, was then directly analyzed for “C
content. The stable carbon isotope composi-
tion is given in the d — notation relative to
the VPDB standard and expressed in %o. The
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Figure 2. Concentration of CO, versus concentration of methane in the lignite seam ahead of

the working face in the Velenje basin

Slika 2. Koncentracija CO, v odvisnosti od koncentracije metana v lignitni plasti pred celom

delovisca iz Velenjskega bazena
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analytical precision for carbon isotope com-
position is estimated to be £ 0.2 %o.

REsuLTs

“Free gases” accumulated within the lignite
coal seam showed a considerable variability in
concentrations and isotopic composition. To
correct for to air contamination of the capil-
lary system and evacuated ampoules, sample
composition was were recalculated on an
air - free basis. Major gas components were
CO, and methane. Concentrations of CO,
varied from 45.5 to 100 % and methane from
0 to 54.5 %. Geochemical index CDMI
((CO,/(CO,+CH,) x 100 %) vary from 45.5
to 100 % and stable isotope ratios varied in
the following ranges: 8"°C_, from -22.9 to

-2.1 %o and 8"C_,,, from -68.6 to -40 %o.

A good regression (R = 0.72) was obtained
between methane and CO, concentrations
(Fig. 2) in the lignite seam at delivery and
exit roadways ahead of the working face.
Areas of high and low methane concentra-
tions are due to the physicochemical proper-
ties of CO, and methane. Fissures generated
by the advance of roadways enable migra-
tion of methane through lignite seam in sur-
rounding strata or to the surface, while CO,
remains adsorbed in the lignite seam.

Figure 2 a shows concentrations of CO, and
methane in the Preloge mining area
(B117 — 148) at the exit roadway ahead of
the working face. Methane migrates faster
than CO, with advance of the roadway, and
therefore its concentration starts to increase
before CO,. Later, concentrations of methane
decrease, while concentrations of CO, start
to increase.
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Figure 2 a. Concentration of methane versus date of sampling in advance of the exit road-
way in the Preloge mining area (B117 — 148) ahead of the working face

Slika 2 a. Koncentracija metana v odvisnosti od ¢asa vzoréevanja z napredovanjem odvozne
proge pred celom delovisc¢a v Prelogah (B117 — 148)
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The concentration of methane and CO, mea-
sured in the lignite seam at roadways mainly
depends on the permeability and porosity of
the seam ahead of the working face. When
methane and CO, reach strata with low per-
meability such as fault zones, their concen-
trations start to increase, therefore high con-
centrations of methane and CO, might be
expected in these areas. These areas might
potentially have a high risk of gas outbursts.
We applied diagrams of 8"C_, versus
8"”C,,, (Fig. 3) to explain the origin of meth-
ane and 8"”C_ , versus CDMI index (Fig. 3,
4, Kotarsa, 2001). 8"°C_,, (Fig. 3) in the
Velenje basin indicates the successive ori-
gin of methane: thermogenic with d°C_,
values from -40 to -50 %o, microbial with
0"C. ., less than -50 %o and mixed origin

CH4
between these two (CLaYTON, 1998).

The phenomenon of thermogenic methane
in the Velenje basin could be explained in
several ways: It could be generated in Oli-
gocene marine clays, containing high con-
centrations of organic matter, which were
overheated at a depth of over 2000 m and
might have migrated through faults and frac-
tures in the lignite strata at the time of for-
mation of the basin. Thermogenic methane
could also be explained by secondary pro-
cesses, 1.e., microbial oxidation of methane,
which results in enrichment of residual meth-
ane with the *C isotope and depletion of '>C
in generated CO, (Fig. 3).

It is known that coalbed lignite strata were
formed in the Pliocene in a calm sedi-
mentary environment (MARKIC AND
SACHSENHOFER, 1997), but the proportion of
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Figure 3. Interpretation of the origin of methane in the Velenje basin using 8"*C

CH4 Versus

8"”C,,, in the lignite seam ahead of the working face
Slika 3. Interpretacija izvora metana v Velenjskem bazenu z uporabo diagrama 8“C_ , v
odvisnosti od 8"C_, v lignitni plasti pred ¢elom delovisca
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early stage microbial gas retained in the lig-
nite structure (SMITH AND PALLASER, 1996) is
difficult to estimate. Microbial methane in
the Velenje basin was generated by micro-
bial reduction and/or by microbial fermen-
tation. Also recent microbial activity
(methanogenic and methanotrophic bacteria)
might generate microbial gas (KOTELNIKOVA,
2003). Methane and CO, were/are generated
by a microbial fermentation process while
methane was/is generated by a CO, reduc-
tion process. CO, generated by a fermenta-
tion process is characterized by 6"°C_ , simi-
lar that of organic matter around -25 %o
(SHOELL, 1983), while a microbial reduction
process results in enrichment with the '*C of
residual CO, (Figs. 3 and 4).

The origin of CO, is interesting due to its
relation to outbursts in coalmines. A plot of
the CDMI index versus 8"°C__, (Fig. 4) was

cO2
used to explain the origin of CO, (KOTARBA,

2001) and indicate endogenic CO,, ther-
mogenic CO,, CO, originating from carbon-
ates and CO, of microbial origin in relation
to microbial methane discussed above.
Typical endogenic values of 8"°C_, are about
-7 %o (KotarBa, 2001) and the high CDMI
indices found in our study are probably re-
lated to the tectonics of the Sostanj and
Smrekovec faults at the time of formation of
the Velenje basin.

The values of 8"C_, from -14.8 to -10 %o
and the high CDMI index in the Velenje
basin indicate thermogenic CO,, which is
characterized by an enrichment in '*C in com-
parison to the organic matter from which it
originates. Most thermogenic CO, is gener-
ated within a temperature interval of around
50°C with values more than -20 %o (CLAYTON,
1998). It could be derived from the coalifi-
cation process, or might be related to
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Figure 4. Interpretation of the origin of CO, in the Velenje basin using 8"C_,, versus CDMI
index in the lignite seam ahead of the working face

Slika 4. Interepretacija izvora CO, v Velenjskem bazenu z uporabo diagrama &"C

co2 v

odvisnosti od CDMI indeksa v lignitni plasti pred ¢elom delovisca
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methanogenic CO, reduction activity
(Fig. 4).

8" C,,,, derived from carbonates is dependent
on O"C of the carbonates and the tempera-
ture of their degradation. Investigations in
the western part of the Pannonian basin, lo-
cated in the NE part of Slovenia (PEzDIC ET.
AL., 1995), indicate significant thermal de-
composition of dolomite in the temperature
range from 70 to 170 °C in the presence of
metasiliceous acid and catalysts such as sul-
fates and organic matter. The resulting prod-
ucts are clay minerals and CO,. The Triassic
basement composed of carbonates and do-
lomites along the Sostanj fault zone has not
been bored through yet. Supposing that these
dolomites underwent thermal decomposition
and are located below the lignite seam along
the Sostanj fault zone, values of o"°C,,, from
-2 to -6 %o might indicate CO, from thermal
decomposition of dolomites.

Values of 8°C_,, from -10 to -6 %o indicating
thermal degradation of carbonates might also
be explained by microbial reduction of CO,.
Coalbed gases from the Velenje basin with a
CDMI index from 60 — 85 % and 8“C__,
from -8 to -5 %o indicate mixing of gases of
different origin. Migration of gases as a sec-
ondary process (Fig. 3) caused by reduction
of pressure in the lignite seam causes enrich-
ment in the light '?C isotope in methane and
in CO,. During migration of coalbed gases,
gases of different origin might be mixed to-
gether and complicate the interpretation of

gas origin.

CONCLUSIONS

For coalminers gas outbursts remain one of
the main problems in the Velenje coalmine,
and therefore geochemical investigations are

RMZ-M&G 2003, 50

of utmost importance for the prediction of
these gas outbursts.

Concentrations of methane and CO, change
with advance of the delivery and exit road-
ways ahead of the working face. Areas with
high CO, concentrations are characterized by
low methane concentrations.

Knowledge of gas concentrations and stable
isotope studies allow a possible interpreta-
tion of the origin of coalbed gas in the Velenje
basin. Considering the results, it can be con-
cluded that coalbed gas from the Velenje
basin is of multiple origin. Secondary pro-
cesses like migration, adsorption/desorption
and mixing of gases of different origin com-
plicate the interpretation of gas origin.

It can be concluded that a considerable frac-
tion of the gas is of external origin, but the
proportion of early stage biogenic gas in the
Velenje basin is difficult to estimate.

PovzETEK

Raziskave sestave plina pred celom
delovisca v lignitni plasti iz
Velenjskega bazena

Lignitna plast v Velenjskem bazenu
predstavlja rezervoar premogovnih plinov:
CO, in metana. Poleg nastetih plinov Stejemo
med premogovne pline tudi visje
ogljikovodike in N,. Geokemicne analize
premogovnih plinov (koncentracije plinov in
izotopske analize) izvajajo tudi drugod po
svetu v Se obratujo¢ih premogovnikih z
namenom (1) dobiti boljsi vpogled v
mehanizem nastanka plinskih izbruhov, (2)
preprecevati plinske izbruhe, (3) napo-
vedovati plinske izbruhe. Za raziskavo
plinskih izbruhov so pomembne tudi sledece
raziskave: geoloska zgradba, prepustnost,
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poroznost, sorbcijske lastnosti plinonosnih
plasti, ki omogocajo zadrZevanje in
migracijo plinov.

V Premogovniku Velenje so se zaceli
pojavljati plinski izbruhi ze leta 1887 z
zacetkom izkopavanja lignita, vendar smo
zaceli izvajati geokemicne analize
premogovnih plinov Sele leta 1999. S
pomocjo teh analiz lahko dolo¢imo izvor
premogovnih plinov, njihove migracijske
poti in akumulacijske procese.

Znano je, da veCina premogovega plina
(predvsem metana) nastane s koalifi-
kacijskim procesom, vendar so znani tudi
drugi procesi, ki lahko privedejo do
akumulacij plinov kot so: endogeni CO,,
mikrobni metan in abiogeni metan.
Premogovne pline smo vzorcevali na
pripravljalnih progah pred ¢elom delovisca
v letih od 1999 — 2002. Po izvrtanju vrtin na
pripravljalnih progah (odvozni/dovozni) smo
s pomocjo bakrene kapilare in injekcije
iz¢rpali premogovni plin v evakuirane am-
pule. Vzorcevali smo tako imenovan prosti
plin. Prosti plin je plin, ki se sprosti v obliki
proste plinaste faze po vrtanju in med
vzor¢evanjem in zapolnjuje pore in razpoke
v lignitni plasti.

V prispevku so obdelani rezultati
geokemic¢nih analiz CO, in metana na
pripravljalnih delih pred ¢elom delovisca.
Koncentracije plinov pred celom delovisca
so pomembni podatek in jih je potrebno
spremljati na dovoznih in odvoznih progah,
zaradi moznosti pojava plinskega izbruha z
napredovanjem cela.

Rezultati analiz premogovnih plinov kazejo,
da je sestava premogovnih plinov zelo
spremenljiva. Glavni plinski komponenti sta
CO, in metan. Koncentracije CO, se
spreminjajo od 45,5 do 100 %. Koncentracije
metana se spreminjajo od 0 do 54,5 %.

Metan in CO, se akumulirata na
pripravljalnih progah pred c¢elom delovisca
razli¢no; vzrok temu so razli¢ne fizikalno —
kemijske lastnosti (raztapljanje plinov v vodi,
difuzija, adsorbcija, desorbcija na premo-
govno plast) obeh plinov, saj metan zaradi
manjSe molske mase napram CO, migrira
hitreje, poleg tega je metan v vodi zelo slabo
topen napram CO,. Znano je, da se CO, tudi
pocasneje desorbira s premogove plasti. Ne
glede na katerem mestu pripravljalne proge
izmerimo koncentracije plinov, vedno
dobimo podobno situacijo porazdelitve
koncentracij plinov; pri poviSanih
koncentracijah metana, dobimo nizje
koncentracije CO,.

Geokemic¢ni indeks CDMI ((CO,/CO, +
CH,) = 100 %), ki ga uporabljamo za
interpretacijo premogovnega plina CO, se
spreminja od 45,5 do 100 %. 8"C_, se
spreminja od -22,9 do -2,1 %o, 8"C_,, se
spreminja od -68,6 do -40 %o. Vrednosti
koncentracij CO,, metana, 8"C_,, 8"C_,,
kazejo na naslednji izvor premogovnih
plinov: termogeni metan, endogeni in
termogeni CO,, CO,, ki izhaja iz karbonatov,
mikrobni metan in CO,. MeSanje plinov
razlicnega izvora povzrocajo fizikalno —
kemijski procesi, ki moc¢no otezijo
interpretacijo premogovnih plinov.

Na podlagi dosedanjih raziskav lahko
zaklju¢imo, da je vecina premogovega plina,
predvsem CO, iz Velenjskega bazena
zunanjega vira, le - ta se je akumuliral v casu
tektonskih faz preko Sostanjksega preloma
iz vec¢jih globin (termi¢no pregrevanje
karbonatov, endogeni CO,). Termogeni
metan lahko pojasnimo s pregrevanjem
oligocenskih plasti bogatimi z organskimi
komponentami v vecjih globinah. Delez
zgodnje diagenetskih biogenih plinov (CO,
in metana) ne moremo oceniti, saj je sorbcija

RMZ-M&G 2003, 50
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tega plina v lignitni plasti povezana z moZnost recentne biogene aktivnosti
razvojem mikroporozne strukture in (mikrobna oksidacija metana, mikrobna
kompakcije sedimentov v ¢asu nastanka redukcija CO,), ki prav tako lahko vpliva na
Velenjskega bazena. Poleg zgodnje interpretacijo premogovnega plina.
diagenetskih plinov velja omeniti tudi
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