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(ii)

SYNOPSIS

The hazard preser “v methane gas to underground
personnel 1is esp+ orominent in collieries. The
purpose of this search is to quantify the magnitude

of the problem in various South African collieries.

Methane sorption isotherms are constructed for
temperatures of 10 , 20 , and 30 C at test pressures
of 0,%; T,0; 3,0} §,0; 4,0 6,0: 8,0 snd 10,0 ¥ra. 12
mine personnel know what the seam temperature and gas
pressure 1is, the methane content per ton can be read
off from the isotherms. The samples used for the tests
had proximate and Hardgrove Gridability analyses done
so that correlation between these factors and methane
content could be determined.
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CHAPTER 1
INTRODUCTION

In many parts of the world coal winning is often
inhibited when fireda 'p, a predominantly methane-rich
gas under pressure within coal, 1is emitted 1in
quantities which exceed the ability of the
ventilation to dilute it to within statutory
requirements. Methane release has been shown to be
related to mining advance rate so the excavation
rates attainable by modern excavation techniques may
be limited. In extreme cases outbursts, which are
violent eruptions of methane and powdered coal, cause
mining operations to be halted.

The South African coal mining industry has been
fortunate that outbursts have not yet been
encountered and relatively few collieries experience
severe gas problems. This 1is attributed to the
shallow depth of which most mines operate. The extent
of the methane problem in 5... as well as overseas
car be seen in TABLES 1 and 2 which 1list the
principal explosions and are reason for concern.

As these shallow reserves become exhausted and we are
forced to work deeper seams with their corresponding
higher seam gas pressures, the gas problem will
inevitably worsen. However, these problems can be
overcome it accurate predictions of the
degasification characteristics of the seam and
surrounding strata can be made. This enables advance
planniag of adequate verntilation systems and 1if
necessary, proper gas drainage schemes.



Table 1

Major Coal Mine Ex; losions in Southern Africa

Resulting in the Loss of Ten or More Lives

Date Mine Fatalities
1901 New Campbell Colliery, Natal 31
1906 Elandslaagte Colliery Natal 18
1908 Glencoe Colliery, Natal 77
1926 Durban Navigation Colliery,

No. 2 Pit, Natal 125
1928 Burnside Colliery, Natal 38
1935 New Marsfield Colliery, Tvl 78
1941 Utrecht Colliery, Natal 15
1943 Natal Navigation C & E

Colliery, Natal 78
1944 Vryheid (N) RC & I, Hlobane

Colliery, Natal 57
1945 S.A. Coal Estates Navigation

Colliery, Transvaal 14
1951 Cornelia Colliery, OFS 26
1956 Schoongezicht Colliery, Tvl 12
1962 Northfield Colliery, Natal 10
1971 HCJ Contractors Colliery, Tvl 28
1972 Wankie No. Colliery, Zimbabwe 427
1974 Albion Colliery 13
1976 Moatize Colliery, Mocambique 99
1981 Newcastle Platberg Colliery 10
1982 rmelo Mine Services Colliery,

Transvaal 13
1983 Vryheid (N) RC & I, Hlobane

Colliery, Natal 68
1985 Sasol, Middlebult Colliery, Tvl 30
1987 Ermelo 34




Table 2
Overseas Major Coal Mine Explosions
Reported in the Media from January 1984
to August 195

Date Mine Country Fatalities
1984 Ariakne Mine

Mitsui Japan 83
1984 Strmoster Mine

Rembas Jugoslavia 35
1984 Haisahn Mine

Juifang Taiwan 74
1984 Santan Mine,

Urassasga Brazil 31
1084 Haisahn First

Pit Mine, Sanhsia Taiwan 93
1985 Simon de Forback

Mine, Lorraine France 22
1985 Takashima Mine,

Mitsubishi Japan 11
1985 Minami Oh Yubari

Mine, Mitsubishi Japan 62
1985 Meitian No. 3

Mine, Guangdong PR China 55
1985 Nianziping Mine,

Guangxi PR China 21




The most signif{i tant factors 1in predicting gas
release rates are the methane content and
permeability of the coal seam and surrounding strata
and the mining methods wused. The aim of this study
was to investigate the first of these factors and to
take ncte of permeability results available from a
parallel researck programme.Two test rigs have been
designed and commissioned. The first rig is used to
develop equilibrium s iption 1isotherms for selected

coal samples. These sorption isotherms are a
recognised method for expressing the potential for
that coal, to contain gas and providing seam

tempera*ure and seam gas pressure are known or can be
estimated, then the gas content per tonne mined can
be evaluated. A permeability test apparatus has also
been designed and commissioned to test the
permeability of coal seams and surrounding strata.
b Thus two of the factors related to gas release could
be evaluated.

This dissertation contains a literature search,
details of the apparatus used, test results and an
anaiyses of results. It coatains basic data, not
previously available, regarding South African coals
and concludes with a discussion of results and
recommendations for future work.



2. METHANE IN COAL MINES - A LITERATURE REVIEW

2.1 The Origin of Gas in Coal

It has been estimated that during the formation of °
ton of coal, up to 1300 m3 of gas are produced (40).
In the early stages of maturation most of the gas
escapes through the relatively thin overlying strata
and as a result, little gas is found in most low-rank
coals. Higher rank coals are usually enclosed by deeper
more competent rocks, so more of the gas formed at this
later stage, is retained.

Gases, primarily, are a result of the maturation
process and introduction of gas from the atmosphere.
Th's the sequence of gas found, proceeding from the
surface downward, is:

i) A zone of nitrogen (N2) and carbon
dioxide (CO2),

ii) A zone mainly of nitrogen,

iii) A zone of nitrogen - methane (CH4),

iv) Finally a zone where methane only occurs.

Carbon dioxide, and occasionally some other gases may
cor: from other sources via faulits and intrusions.
Higher hydrocarbons such as ethane (C2Hg), propane
(C3H8), butane (C4qH10), and pentane (CsH12)
as well as oxygen (02), nitrogen, hydrogen (H2) and
helium (He) can occur in small quantities as shown in
TABLES 3,4 and 5. (40).




TABLE 3 =~ Gas produced frcm plant material
SOUrCR:.coresssossvsssssssssesss | Callulose Lignin Wood
derivative

Total gaSesssscccsccccsscsomlos 150 15 10
Total gas......ml/g substrate.. 100 10 6.6
PIMB s sassssncivenssanvonee B0 3 20 8
BASE« srvecivnesess 10 molald.. 9.9 2.3 A
COgesvvssssscasscssssssosepClos 5.0l 5.00 5.01
CHy ceesevsenacsnnnsnnsssaspCts, 94.94 94.98 94.99
Other hydrocarbons........pct.. | 0.0496 0.0216 0.0005
CH, /total hydr.carbons......... 0.999 0.999 0.999

TABLE 4 - Composition of gas frowm planc matecial,
peac. and coal, pet

Source.....cv0., .o CO, CH, Other

h' drocarbons
Plant material,..... 5.0 94.99 0.01
POEC iissieniininasne | 96:.718 3.23 .02
CBRL S v 505880300 . 1.9 97.8 .3

HYDROCARBON GAS FORMATION DURING DIAGEMNETIC COALIFICATION

TABLE 5 =~ Average composicion of gas from coalbeds. pcet:
Coalbed... | Pocahontas [Pitesburgh uppe 8 Seam' Lower |Mary Lee®[Anthra-
No. ) Kiccanning? Hactshorne® cite’
Cily vvavnns 94.9 91.1 97.4 87.8 99.2 96.0 98.7
Gal 5044 xo 1) = .01 .05 .01 .01 %
Hyovvnnn 004 ND ND . .005 ND ND Trace
Gl st .002 D ND .001 D ND D
By oo Teace M D D D D N
i 3 8.2 a | 2.0 A A A
1o vs 2 2 2 D .1 4| W
Whs dsahis 3.2 3 2. v 6 3.5 1.0
Hyeovinens .02 ND ND ND ND Trace ND
Heeoroonnn .04 ND ND ND ND b} Trace
Beu/scf... | 1,030 975 1,037 915 1,056 1,022 1,053
ND Not detected.

‘Virginta,

Ppennsylvania and West Virginia.
Ipannsylvania.

‘Colorado.
*Oklahoma.
*Alabama .



Commonly these gases in coal are referred to as
firedamp. Methaue 1is by far the dominant gas being
emitted, so this report deals almost exclusively with
the methane aspect of firedamp.

2.2 The Retention of Methane in Coal

The process of methane retention 1is called sorbtion
which 1is sub-classified 1into adsorbtion, absorbtion,
persorbticn and chemisorbtion.

i) Adsorbtion is a surface effect whereby one
substance is physically held onto the surface of
another,

ii) Absorbtion 1is a more or less uniform penetration
of one substance into the molecular structure of
another,

ii1i) Persorbtion 1is a type of abscrbtion of a gas by a
solid in which there 1is the formation of a
molecular mixture of the two substances,

iv ) Chemisorbtion 1is a type of adsorbtion where one
substance 1is held onto the surface of the other by
chemical forces.

REVERSIBLE IRREVERSIBLE

Adsorbtion ======- Chemisorbhtion
1

/
/

!
Sorbtioq

\
\

Absorbtion ======- Persorbtion



Chemisorbtion and persorbtion are not relevant in
methane coal systems and absorbtion does not play a
significant role in the flow of methane from coal
during mining operations (14). Chemisorption does occur
but it 1is such a powerful bond that evacuation at
elevated temper-tures 1is required to break the bond
(27). This cannot happen during mining operations. When
gas leaves coal it is said to be desorbea.

Methane exists in the adsorbed state or in the free gas
state in pores and fractures (FIGURE 1). At low
pressures these two states both occur 1in moderate
proportions and the volume of gas contained increases
almost 1in direct proportion to pressure. In the 0,1 - 4
MPa range, 54 =~ 85% i. in the adsorbed state (64). By
about 5 MPa almost all gas contained is in the adsorbed
state and at higher oressure the rate of gas intake
decreases, presumably =2 monolayer adsorbtion 1is
complete. At about 7 =~ 10 MPa there is only a slight
increase in gas content and some but not all studies
have shown a decrease in sorbtion above these
pressures. At 10 MPa adsorbed methane can be as densely
packed as a liquid (64).

Adsorbative capacity of c¢c'i 1increases with pressure
and rank but decreases with temperature and moisture
content (1,23,38,41,54,112) (FIGURES 2,3,4,5 and 6). A
correlation for fixed carbon, volatiles as well as
osygen content (which 1s related to rank), and gas
content has been shown for US coals. A similar
correlation has been shown for gas content and
volatiles in USSR and Germany (FIGURE 7). Oaly adsorbed
moisture affects sorbtion capacity of coal and curves
with respect to moisture content are generally the same

for all coals. After a critical value of moisture
content, which 1is dependent on the oxygen content of
the coal, 1is reached, no further reduction of methane



Solid Coal

Adsorbed Methane

Free Gas Methane

FIGURE 1 Pictorial Representation of Methane 1in a
Coal Pore (54).
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13

capacity occurs despite 1increasing moisture coantent
(14,28).

There 1is apparently a stroug interaction between the
polar water molecules and the surface oxygen complexes.
The water molecules are probably adsorbed in a
localised fashion and effectively block many pores
which would be available for methane sorbtion in dry
coal. The critical value for moisture content (Mc)
for a given coal is given by a relationship to oxygen
content :-

Me = Xo + 1,51
3,98 - 0,229 Xo
Xo - oxygen content of coal (wt%).

Of the mode's used to describe adsorbtion onto coal,
Langmuir's model 1is more commonly favoured over the
Polyani, Temkin and Freundlich models. Langmuir's
equation can be written as:-

G = bp
1 + bp
where b = a

w2 mkT

G - rate of desorbtion
- a constant = 0,03 - 0,23 /ton
mass of the gas particle (CH4 atomic
weight = 16,043)
- universal gas constant
temperature OK

- absolute pressure
a constant 0 <a<l

P T 3K
I

This equation relates the quantity of gas adsorbed per
unit mass of solid to the partial vapour pressure of
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the gas, and has been shown to be suitable up to 15 MPa
{11}

The Brunauer, Emmett and Telle (BET) equation is an
extension of Langmuir's equation in that it considers
multilayer adsorbtion. However, a second layer does not
become apparent at pressures less than 5 MPa, while
pressures greater than 4 MPa are not common in coal
mining.

The occurance of methane has been assessed for US
bituminous coais and 1is found to seldom exceed 55
m3/t even at very high pressures (FIGURE 8).

2.3 Determination of In-Situ Methane Content

Methods for determining methane content of coal are
broadly classified as direct or indirect. The direct
method measures gas content of a sample in a laboratory
or field experiment. The 1indirect method calculates
methane content from gas pressure and use of the
relevant adsorbtion isotherm for the coal in question.
(TABLE 6).

2.3.1 Direct Methods

Gas content is measured using either:-

i) A desorbtion meter (FIGURE 9) (5). Here the size
of flask is important as pressure rise must not be

large enough to impede derorbtion.

For 10 g of chippings sample, V flask = 1 litre.
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FIGURE 9 A desorption meter (5)



Table

6 METHODS OF ESTIMATION OF GAS CONTENT OF COAL SEAMS

METHOD REQUIREMENTS METHODS OF INTERPRETATION ACCURACY COUNTRY METHOD OF MEASUREMENT APPLICABILITY
DIRECT Cores . Requires '‘nowledge of gas  Depending upon time UK, Volumetric gas emission Good from surface borenoles
enissfon laws lost, core quslity U.S.A, At atmospneric pressure and dovotful from underground
and applicaoiitty Australla followed by crushing. boretoles, fractured cores,
of gas emission etc. Degree =¢ fracturing
laws. ‘Anfluences results.
50z 202
DIRECT Samoling of Empirical 1 Poland Volunetric gas emission Existing mines
fractions
INOTRECT
Statistical  Lumps of woal  Statisticai analysis of 202 Statistically u.x. Sample (30-40 mm size), for seams under ming,
gas content of lunps wessured values froa collection 4t the face face samoling,
face sawoles are ana estimation of gas aoplicability to nignly
consistently, contents., virfable and high rank coals
not proved,
pwgugn
Msorption Pressure Direct reading for Depending upen Poland Yolumetric techniques for seans under mining
Isotherns neasurement adsorption fsotherms pressure swasui wments USSR and gravimetric and seams lying * ¢ or
and and sampling, 16 - 202 Australfa techniques. below.
sampl ing. Germany
INDIRECT )
Chemical Proximate Brpirical 30 - 1002 USSR Chewical analysis New and existing mines.
Analysis analysis of U.5.A.
Poland
NDIR Exhaust Subtractfon techniques 20t Australia City ar €O, gas Existing mines
ventillation
sampling. analysis (1)
INDIRECT Sampling of Empirical S0t Germa 'y Volumetric gas emission Existing mines - general
exhaust mine U.5.A, make of 5.
air

91



Table 6 METHODS OF ESTIMATION GF GAS CONTENT OF CGAL SEAMS
KETHOD REQUIREMENTS KETHODS OF INTERPRETATION ACCURACY COUNTRY METHOC OF MEASUREMENT APPLICABILITY
DIRECT Cores . Requires knowledge of gas Depending upon time U.K. Yolumetric gas emission Good from surface boreholes
emission lawi lost, core quality U.S5.A, at atmospneric pressure and doubttul from underground
and applicaoi!ity Australia followed by crusaing. boreholes, fractured cores,
of gas emission etc. Oegree of fracwring
laws. ‘Influences results.
o2 201
DIRECT Samoling of émpirical ? Poland Volumetric gas emission Fuisting wines
fractions
INOIRECT
Statistical  Lumps of coal Statistical analysis of 202 Statistically U.K. Sample (30-40 mm size), For seams under ming,
gas content of lumps oeasured valior la collection at the face face samoling,
face samoles v - ana estimation of gas asplicantlity to highly
consistently. contants. varianla and high rank coals
not proved,
INDIRECT
Msorption Prezsure Direct reading for Depending upon Poland Yolumetric techniques For seams under mining
{sotherns measurenent adsorption fsotherms pressure seasurements ussa and gravimetric and seams lying abave or
and and sampling. 16 - 202 Australia tecnhniques. below.
samp| ing. Germany
INDIRECT '
Chemiral Proximate Brpirical 30 - 1003 USSR Chemical analysis New and existing mines,
Analysis analysis of 85,4,
Poland
INDIRECT Exhaust Subtraction techniques 20t Australla CHy or coz gas Existing mines
ventillation analysis (3]
sampling. Y
INDIRECT Sampling of Empirical S0 Germany Volumetric gas emission Existing mines -~ general
ity U.5.A, ‘make of gas.

exhaust mine
air
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For a solid core a minimum of 100 g is required
but preferablv 1 - 2 Xg should be used.

ii) A test tube and level meter (FIGURE 10) (5). ho
is the level read immediately after the coal has
been introduced into the upper chamber and hl is
the final level.

iii) Inverted cylinder (FIGURE 11) (4,5,16,18).

iv) Gravimetric procedures (15,47,57). Here the sample
of coal is placed in a pre-cleaned and pre-weighed
container and allowed to desorb whilst the weight
is being measured. The change in weight |1is
proportional to the amount of gas desorbed.

The gite of sampling is important so as tc be
representative of the coal seam being studied with due
consideration for over- and under-worked seams. The
sanple must preferably come firom drill chipping or a
core from outside the zone of emission, or if not, then
at least from an active coal face which has not been in
contact with air for more than 48 hours. However, to
use such face coal requires chipping out coal for 2 - 6
m into the face so this is usually not practical. The
most recent models of this zone of emission have been
ceveloped by CERCHAR (FIGURES 12,13,14,15,16,17 and
18.)

a) A cercain amount of gas 1is lost 'Ql'during the
time from when drilling intersects the seam until
it 1is enclosed in a sealed container. If drill
flushing 1is by air or mist, time 't' starts when
drilling 1intersects the seam, if by water then 't'
starts at half the tine taken to remove the core
(as 1t 1is about then that the hydrostatic head
approximately equals seam gas pressure). There are



FIGURE 10 Glass test tube for determination of Q2 (5),

Valve .

e
15 ps! Gauge "," e

Samils |n:’erndd
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container— ™ - qcylindor
=
- Pen of
p water
l - —
FIGURE 11 Sample container, Gas emission is measured

by displacement of water (45),
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= hypothesis V' = V (form, volume, concentrations) by
migration L

- surface swept by face between t and t' = g = £

- methane emiseion Q between moments t and t'
= methane leaving volume W = (A' B' S| C' D' CD, S,.)
between t and t' :

= 84 Qp = constant volume in V or V' (T ox HT)
- methane volume in W at t, Q¢ = Q. + (1 + a) s hC

. (H or MA)

(T or HT)

- methane volume in W at t', Q¢ = Qo + (1 + a) s hCp

(M or HM)

= (Cy and Cy = concentrations/initial and residual
votumo and bads of thickness h)

Q-Qt-Q" ":’:”r A
(T or HT)

Q= (1+a) sIhicyncy
(M or HM)

FIGURE 12 Influence volume V and stationary
methane emission (31)
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